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ABSTRACT

Background: Plant products are reliable sources of traditional and contemporary medications for animals. This study aimed to
investigate the effect of Calotropis procera on Eimeria perforans oocysts that infection rabbits.

Methods: Twelve well-plates of 3 ml containing 1x10° unsporulated oocysts were exposed to six treatments: 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.

Result: The mixture was examined (after 24, 48, 72 and 96 hours) for oocysticidal activity. The extract exhibited notable inhibition
of E. perforans oocysts at 100 mg/mL doses, with suppression rates of approximately 89% after 96 h, nearly similar to the utilized
reference drug, toltrazuril. The inhibitory rate increased with extended incubation duration and a high concentration ratio. The

current study suggests that C. procera extract possesses inhibitory properties against oocyst sporulation.

Key words: C. procera, Destructive, E. perforans, Oocysticidal, Oryctolagus cuniculus.

INTRODUCTION

The Eimeria genus is the predominant cause of coccidiosis,
a widespread and impactful parasitic infection affecting
animals. Particularly in local rabbit populations, it leads to
substantial mortality rates (Madlala, Okpeku and Adeleke
2021). Adult rabbits that are carriers of a coccidial illness
and are generally asymptomatic have the potential to
produce infections in young, with morbidity and mortality
rates reaching up to 90% and 60%, respectively with young
(Fang et al., 2019).

Eimeria perforans, identified as a slightly pathogenic
species developing in the duodenum, adds to the complexity
of this issue (Katsui et al., 2022). The life cycle of Eimeria
involves both external and endogenous phases and it is
classified as an obligatory parasite in the phylum
Apicomplexa (Lopez-Osorio et al., 2020). Entering the host
through the oral route, these parasites infect and proliferate
within the mucosal epithelia and various digestive tract
sections, causing gastrointestinal damage, inflammation,
bloody or watery feces, other symptomatic manifestations,
morbidity and death (Ananthakrishnan and Xavier, 2020).
According to scientific studies, this pathogen has the
potential to disrupt the microbiota of the intestinal tract and
make its environment of the intestinal tract more conducive
to the growth of pathogenic bacteria such as Clostridium
perfringens, which can ultimately lead to necrotic enteritis
(Madlala et al., 2021).

Eimeria infection destroys the mucosal cells in the host,
leading to increased cell permeability, leakage of nutrients and
plasma proteins, reduced digestion and decreased protein
absorption (Madlala et al., 2021). These side effects contribute
to the clinical and subclinical manifestation of coccidiosis
(Yang et al., 2020). Dehydration, anemia, hypoproteinemia
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and nutrient malabsorption are among the potential outcomes
of induced villus atrophy, which can also lead to electrolyte
imbalance.Consequently, commercial rabbits were economic
costs (Montoro-Huguet et al., 2021). Managing these disorders
requires costly therapeutic interventions, including
chemoprophylaxis and live-attenuated vaccines, both of
which have notable disadvantages such as potential
parasite resurgence and medication resistance (Madlala
et al., 2021). Given existing challenges, the search for novel
agents with unique modes of action is imperative (Waters
et al., 2023). Natural products, such as Calotropis Procera,
have emerged as potential supplementary and alternative
means of controlling coccidiosis. Calotropis procera’s anti-
coccidial action C. procera suggests that it may be a useful
substitute for chemotherapy drugs for Eimeria species
(Murshed et al., 2023).

Calotropis procera, which belongs to the Asclepiadaceae
family, is an evergreen, perennial shrub with unique medicinal
properties (MANDILA, 2021). Its latex contains triterpenoids,
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alkaloids, cardenolides, anthocyanins, resins and proteolytic
enzymes (Mali et al., 2019). C. procera thrives in arid
environments and open spaces with little competition (Siraj
et al.,, 2023). Treatments for leprosy, fever, menorrhagia,
malaria and snake bites have been linked to giant
milkweed (McGaw et al., 2022). With known benefits in
various ailments, including analgesic, anticancer,
anticoagulant, anti-inflammatory (Khan et al., 2020a) and
antimicrobial properties, C. procera has demonstrated its
efficacy in preventing coccidian and inhibiting oocyst
sporulation in Eimeria papillata (Mpofu, 2022; Murshed et al.,
2024). Recent studies have highlighted the oocysticidal
activity against Eimeria stiedae (Murshed et al., 2023).
Considering this background, the current investigation
aims to assess the effectiveness of C. procera in handling
rabbit Eimeria perforans oocysts and sporozoites through
in-vitro trials, providing valuable insights into potential
alternative therapies for coccidiosis.

MATERIALS AND METHODS
Experiment Implementation

The experiment was carried out in the Parasitology
Laboratory, Department of Zoology, College of Science
(Kingdom of Saudi Arabia). The experiment was carried
out 3-4 months in 2024.

Collected plant leaf

Calotropis procera leaf extracts were obtained from an
herbal plant in the desert of Riyadh, Saudi Arabia and the
identification of the plant was confirmed by a classification
scientist in the Botany Department of King Saud University.
Distilled water was used to dissolve the powder in various
experiments distilled water was used (Begashaw et al., 2017).

Parasite

This study was conducted by Veterinary and Sanitary
Expertise (Saudi Arabia) at the King Saud University
Parasitology Laboratory of the Department of Zoology.
Samples of rabbit feces were collected for analysis when
it was discovered that they were naturally infected with
Eimeria. Feces were examined for oocysts of Eimerea spp.
This strain was obtained from E. perforans. Oocysts are
distinguished based on their morphological characteristics
(Ogedengbe, 2011).

In vitro: E. perforans oocysts sporulation test by
C. procera

To determine the effects of different concentrations of C.
Procera on the sporulation of E. perforans oocysts, an
experiment was conducted In vitro. In this particular test,
C. procera was introduced into a mixture of 2.5% potassium
dichromate, which included 1 x 10° oocysts. The final
concentration of the mixtures ranged from 5 to 1.25%.
Oocytes in the control group were not treated. Each
treatment was performed thrice to ensure accuracy. After
each Petri dish had been incubated at a temperature of
28°C for four 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. Morphological
alterations, malformations and destruction percentages
were evaluated for each therapeutic intervention.

Preparation of sporulated oocysts

Oocysts of E. perforans were obtained from the duodenum.
The method according to (Schito et al., 1996).

Statistical analysis

One-way analysis of variance (ANOVA) was performed for
every experimental group using the statistical program
SPSS 22 (SPSS, Chicago, IL, USA), along with a Duncan
post-hoc test for multiple comparisons. The significance
level was set at p<0.05. To evaluate the correlations
between variables, a straightforward linear correlation
study was conducted using Pearson’s approach.

RESULTS AND DISCUSSION
The effects of different doses of C. procera over different
periods on the prevention of E. perforans sporulation were
tested. The methanolic extract showed that the longer the
incubation period, the greater the rate of inhibition; the
opposite was true for sporulation rate. As the incubation
time increased, the rate of sporulation inhibition continued
to vary depending on the extract concentration (p<0.05) in
the treatment groups. In general, the best dose for inhibiting
the parasite was 200 mg/ml, compared with the control
group (2.5% potassium dichromate) and the reference
treatment (Fig 1). The consistent application of natural
extracts on 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 maturing (Kuralkar and
Kuralkar, 2021). The effects of natural product extracts on
the oocysts of these parasitic protozoa have been the
subject of extensive research. In our previously published
study, we investigated the effects of Nerium oleander leaf
extract on E. magna and E. exigua oocysts, bile on E. columbae
and E. papillate oocysts and Calotropis procera leaf extracts
on E. stiedae oocysts (Murshed et al., 2025). In a methanolic
extract exposed to oocysts for 96 h, the results demonstrated
a significant inhibition ranging from 90% to 98%.
Coccidiosis, a globally prevalent disease, significantly
hampers rabbit productivity and leads to substantial
financial loss. The associated morbidity and mortality from
these parasitic infections not only impair livestock
productivity but also pose a severe health risk (Sander et al.,
2020). Understanding the current species and prevalence
of intestinal parasites is crucial for minimizing financial
losses in the rabbit sector, assessing infection risks and
implementing effective control measures (Pinto et al.,
2024). Numerous authors have explored the effects of
diverse plant extracts on oocyst viability and sporulation
duration (Murshed et al., 2024; Abd-ELrahman et al., 2022).
These extracts have proven effective in inhibiting
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sporulation and reducing the vitality of Eimeria oocysts
(Khan et al. 2020b).

The experimental groups showed significantly higher
rates of inhibition with increasing doses and the statistical
analysis showed that there were statistically significant
differences between the 100 mg/mL dose compared to
the control group (p<0.01) and between the reference drug
toltrazuril (30 pg/mL) compared to the control group
(p<0.05). The other doses did not show any significant
differences (Fig 2). This study investigated the effect of
C. procera extract over varying durations (24, 48, 72 and 96 h)
and concentrations (12.5%, 25%, 50% and 100%) on
E. perforans oocyst sporulation in vitro. The highest
effectiveness of the tested concentrations resulted in
approximately 91% inhibition of sporulation after 96 h of
exposure to the 100% C. procera extract. In contrast, the
control group (K,Cr,0,) exhibited higher levels 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 sporulation
were observed, whereas lower concentrations showed no
statistically significant differences. These findings align
with those of (Murshed et al., 2023b), who reported that
C. procera may reduce E. stiedae oocysts at high
concentrations. Extended incubation times and doses often
improve inhibition rates. Extract inhibited at doses of 50%,
25% and 10%, with corresponding inhibition rates of 71.7%,
33.11% and 19.88%. Sporulation and inhibition are directly
related over an extended period (Murshed et al., 2024).
Fig 3 apparition the main effects of sporulation time
and experimental groups on sporulation and non-
sporulation (%) of E. perforans oocysts sporulation in vitro.
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Fig 1: Influences of C. procera on the sporulation of E. perforans oocysts in vitro throughout different periods determine
the best concentration of the extract compared to the reference treatment with the control.
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Fig 2: The results show that C. procera impacts the number of E. perforans oocysts inhibited in vitro at different
concentrations (Control, 12.5, 25, 50, 100 and 25 Toltrazuril mg/mL).
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It demonstrates that the sporulation percentage increased
with incubation time and, conversely, the non-sporulation
percentage decreased. The rate of sporulation inhibition
rose considerably with incubation time up to 96 h (p<0.05),
showing that the rate of sporulation inhibition differed
significantly between 24, 48 and 72 h exposures (Fig 3).

Microscopic examination and counting of the oocysts
treated with C. procera at various concentrations of C. Procera
revealed deformed oocysts with cracked walls and lysis.
The sporulation rate in the control after three days was
898+1.41. At the doses of 100 mg/mL and the reference
drug 30 pg/mL of toltrazuril (p<0.05), C. Procera significantly
reduced the sporulation rate (p<0.05) and it stopped at a
dose of 100 mg/mL the sporulation inhibition rates of
C. procera relative to control were 100%, 99.1%, 71%, 50%,
40%, 27% and 98%, respectively (Table 1).

In vitro experiments show the major impacts of sporulation
times and tested groups on the number of E. perforans

Table 1: Effect of different doses of C. procera on sporulation
and destructive rates of E. perforans oocysts, In vitro.

Concentration Sporulated Destructive
Mg/mL oocysts% oocysts%
Control 92+1.112 0.57+0.27¢
100 mg/mL extract 10£2.1¢ 79.21+5.222
50 mg/mL extract 53+3.9¢ 61.13+7.23°
25 mg/mL extract 64+4.13% 45.33+7.12%
12.5 mg/mL extract 76+9.7° 28.31+4.04¢d
Toltrazuril 25 pg/mL 11+0.92 89.43+5.13¢

At a significance level of p<0.05, means with distinct superscripts
within a column were found to be significantly different.
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Fig 3: The results show that C. procera impacts the number of E. perforans oocysts inhibited in vitro at different
periods (24, 48, 72 and 96 hours).
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Fig 4: The major in vitro impacts of C. procera extracts on the percentage of sporulation, non-sporulation and
sporulation inhibition oocysts of Eimeria perforans oocysts at varying concentrations with the reference drug and control.
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The p-value is .000244. The result is significant at p<0.05.

Fig 5: Liner correlation between sporulated and doses of C. procera.

oocysts that sporulate (%), don’t sporulate (%) and
inhibitory (%). The results revealed that as the extract’s
concentration ratio grew, so did the proportion of inhibition.
In the extract groups, on the other hand, when the
concentration went down, the number of non-sporulating
oocysts and destroyed oocysts also went down (Fig 4).

A negative correlation was observed between the
sporulation and concentration. The linear equation had
the highest coefficient of determination (R?) p-value.
000244, The result is significant at p<0.05. for sporulation.
The p-value is .039412. The result is significant at p<0.05,
for destruction (Fig 5).

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 infections, particularly against Eimeria tenella
(Arczewska-Wtosek et al., 2023). Remmal independently
assessed the primary components of essential oils,
including carvacrol, isoeugenol, thymol, eugenol and
carvone, were found to be effective against coccidians. In
another study, the anticoccidial 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 anticoccidial
agents. These substances demonstrated the ability to
inhibit Eimeria tenella invasion both in vitro and in vivo
(Han et al., 2022). A study by (Murshed et al., 2023)
suggested that P. macrophylla extracts might have
influenced the decreased sporozoite viability by interfering
with calcium-mediated signalling in the sporozoites. Vitis
vinifera leaf extracts also affected E papillae oocysts
(Murshed et al., 2025), which is consistent with our results.
The findings affirm that CPLE (Calotropis procera leaf
extract) effectively prevents the formation of oocysts.

CONCLUSION

The elimination of parasites is critical to the health of
organisms, which in turn can contribute to the development
of sustainable production methods that maintain the health
of consumers. It was concluded that the extract of C. procera
leaves plays an important role in inhibiting oocysts and
preventing sporulation and it also has a destructive effect
against oocysts. Further experimental and clinical studies
are needed to understand the pharmacological and therapeutic
properties of plants to isolate the active compounds.

ACKNOWLEDGEMENT

The present study was supported by Researchers
Supporting Project number (RSP2024R94), King Saud
University, Riyadh, Saudi Arabia

Disclaimers

The views and conclusions expressed in this article are
solely those of the authors and do not necessarily represent
the views of their affiliated institutions. The authors are
responsible for the accuracy and completeness of the
information provided, but do not accept any liability for any direct
or indirect losses resulting from the use of this content.

Informed consent

All animal procedures for experiments were approved by the
Committee of Experimental Animal care and handling techniques
were approved by the University of Animal Care Committee.

Conflict of interest

The authors declare that there are no conflicts of interest
regarding the publication of this article. No funding or
sponsorship influenced the design of the study, data
collection, analysis, decision to publish, or preparation of the
manuscript.



In vitro Therapeutic Evaluation of Calotropis procera Extract against Eimeria perforans Oocysts Infecting Rabbits

REFERENCES

Abd-ELrahman, S.M., Mohamed, S.A.A., Mohamed, S.E., Khadragy,
M.EEL, Dyab,A K., Hamad, N., Safwat, M.M., Nasr, A.A., Alkhaldi,
A.A. and Gareh, A. (2022) Comparative effect of allicin
and alcoholic garlic extract on the morphology and infectivity
of Eimeria tenella oocysts in chickens. Animals. 12: 3185.

Abd-ELrahman, S.M., Mohamed, S.A.A., Mohamed,S.E., Khadragy, M.F.EL.,
Dyab, AK., Hamad, N., Safwat, M.M., Nasr, A.A., Alkhaldi, A.A.
and Gareh, A. (2022) Comparative effect of allicin and
alcoholic garlic extract on the morphology and infectivity of
Eimeria tenella oocysts in chickens. Animals. 12: 3185.

Ananthakrishnan, A.N., and Xavier, R.J. (2020). Gastrointestinal diseases.
In Hunter’'s Tropical Medicine and Emerging Infectious
Diseases. Elsevier. pp 16-26.

Arczewska-Wiosek, A., Swigtkiewicz, S., Tomaszewska, E., Muszynski,
S., Dobrowolski, P. and Jézefiak, D. (2023). Effects of
anticoccidial vaccination and Taraxacum officinale extract
on the growth performance, biochemical parameters, immunity
and intestinal morphology of eimeria-challenged chickens.
Life. 13: 1927.

Begashaw, B., Mishra, B., Tsegaw, A. and Shewamene, Z. (2017).
Methanol leaves extract Hibiscus micranthus Linn exhibited
antibacterial and wound healing activities. BMC Comple-
mentary and Alternative Medicine. 17: 1-11.

Han, M., Hu, W., Chen, T., Guo, H., Zhu, J. and Chen, F. (2022). Anticoccidial
activity of natural plants extracts mixture against Eimeria
tenella: An in vitro and in vivo study. Frontiers in Veterinary
Science. 9: 1066543.

Fang, S., Gu, X., El-Ashram, S., Li, X., Yu, X., Guo, B., Li, H., Liu, N.,
Liu, X., Cui, P. (2019). Immune protection provided by a
precociousline trivalent vaccine against rabbit Eimeria.
Vet. Parasitol. 275: 108927.

Katsui, K., Takami, S., Ohashi, K., Otsuka, H., Uni, S., Shibahara, T., Sasai,
K. and Matsubayashi, M. (2022). Molecular identification of
Eimeria species in liver and feces of naturally infected rabbits
in Japan. Parasitology Research. 121: 2733-2738.

Khan, A., Muhamad, N.A., Ismail, H., Nasir, A., Khalil, A.A.K., Anwar,
Y., Khan, Z., Ali, A., Taha, R.M. and Al-Shara, B. (2020a).
Potential nutraceutical benefits of in vivo grown saffron
(Crocus sativus L.) as analgesic, anti-inflammatory, anticoa-
gulant and antidepressant in mice. Plants. 9: 1414.

Khan, M., Liu, H., Wang, J. and Sun, B. (2020b). Inhibitory effect of
phenolic compounds and plant extracts on the formation of
advance glycation end products: A comprehensive review.
Food Research International. 130: 108933.

Kuralkar, P. and Kuralkar, S. (2021). Role of herbal products in animal
production-An updated review. Journal of Ethnopharmacology.
278: 114246.

Lépez-Osorio, S., Chaparro-Gutiérrez, J.J. and Gémez-Osorio, L.M.
(2020). Overview of poultry Eimeria life cycle and host-parasite
interactions. Frontiers in Veterinary Science. 7: 384.

Madlala, T., Okpeku, M. and Adeleke, M.A. (2021). Understanding
the interactions between Eimeria infection and gut microbiota,
towards the control of chicken coccidiosis: A review.
Parasite. 28.

Mali, R.P., Rao, P.S. and Jadhav, R. (2019). A review on pharma-
cological activities of Calotropis procera. Journal of Drug
Delivery and Therapeutics. 9: 947-951.

Mandlila, B.N. (2021). Eco-physiological factors affecting growth and
development of calotropis procera in the semi-arid regions
of Tharaka and Makueni, Kenya. University of Eldoret.

McGaw, L.J., Omokhua-Uyi, A.G., Finnie, J.F. and Staden, J.V (2022).
Invasive alien plants and weeds in South Africa: A review of
their applications in traditional medicine and potential
pharmaceutical properties. Journal of Ethnopharmacology.
283: s114564.

Montoro-Huguet, M.A., Belloc, B. and Dominguez-Cajal, M. (2021).
Small and large intestine (I): Malabsorption of nutrients.
Nutrients. 13: 1254.

Mpofu, M.C. (2022). Characterization of neorautanenia brachypus
(Harms) CA Sm tubers for anthelmintic properties in ruminant
livestock. Chinhoyi University of Technology.

Murshed, M., Mares, M. M., Aljawdah, H. and Al-Quraishy, S. (2024).
In vitro evaluation of Nerium oleander leaf extract against
Sarcoptes scabiei var. cuniculi mite isolated from naturally
infested rabbits. Indian Journal of Animal Research. 58(2):
247-252. doi: 10.18805/IJAR.BF-1725.

Murshed, M., AL-Tamimi, J. and S. Al-Quraishy (2025). Effect of
rumex nervosus leaf extract on Eimeria exigua. Indian
Journal of Animal Research. 59(2): 236-243. doi: 10.18805/
IJAR.BF-1879.

Murshed, M., Mares, M., Aljawdah, H. and Al-Quraishy, S. (2023).
A comparison in terms of prevalence, morphological and
histopathological changes between Eimeria spp. that infect
local rabbits (Oryctolagus cuniculus) in some regions of
Saudi Arabia. Indian Journal of Animal Research. 57(12):
1662-1669. doi: 10.18805/IJAR.BF-1682.

Ogedengbe, J.D. (2011). Nuclear, plastid and mitochondrial genes
for DNA, identification, barcoding and phylogenetics of
apicomplexan parasites. University of Guelph.

Pinto, F.F., Magalhyes, T.R., Marcos, R., Abrantes, J., Marrana, M.
Monteiro, J.M., Simxes, J. and Alegria, N. (2024). Preventive
medicine and rabbit health management in veterinary
care of farm rabbits: A Complete Practice Guide to Rabbit
Medicine and Production. Springer. pp 379-407.

Sander, V.A., Sanchez Lépez, E.F., Morales, L.M., Duarte, V.A.R.,
Corigliano, M.G. and Clemente, M. (2020) Use of veterinary
vaccines for livestock as a strategy to control foodborne
parasitic diseases. Frontiers in Cellular and Infection
Microbiology. 10: 288.

Schito, M.L., Barta, J.R. and Chobotar, B. (1996). Comparison of four
murine Eimeria species in immunocompetent and immuno-
deficient mice. The Journal of Parasitology. pp 255-262.

Siraj, N., Khan, M., Okla, S., Al-amri, W., Al-Qahtani, M., Abdel-Maksoud.
and AbdElgawad, H. (2023). Traits plasticity of sodom
apple (Calotropis procera) along the environmental gradient
in the semi-arid environment. Frontiers in Plant Science.
13: 1047632.

Waters, J.E., Stevens-Cullinane, L., Siebenmann, L. and Hess, J. (2023).
Recent advances in the development of metal complexes
as antibacterial agents with metal-specific modes of
action. Current Opinion in Microbiology. 75: 102347.

Yang, C., Kennes, Y.M., Lepp, D., Yin, X., Wang, Q., Yu, H,, Yang, C.,
Gong, J. and Diarra, M.S. (2020). Effects of encapsulated
cinnamaldehyde and citral on the performance and cecal
microbiota of broilers vaccinated or not vaccinated against
coccidiosis. Poultry Science. 99: 936-948.

6 Indian Journal of Animal Research



