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Effectiveness of Calotropis procera Leaf Extract in Treating Eimeriosis-
Induced Inflammation Alteration of the Jejunum in Mice

Mutee Murshed,* Jameel AL-Tamimi, Mohammed Mares, Hossam M. A. Aljawdah,  
Saleh Al-Quraishy

Department of Zoology, College of Science, King Saud University, Riyadh, Saudi Arabia.

ABSTRACT: Medicinal plants that are used extensively containactive biological chemicals.Calotropis procera-
leaf extract (CPLE) was utilized to assess the anti-oxidative status and development stages of Eimeria papillate 
infection in mice.Divided the mice into five groups, with group 1 serving as the control. Group 2, 200 mg/kg 
extract without infection, to determine its toxicity. We gavaged 1 x 103 sporulated oocysts of E. papillate in groups 
3, 4, and 5. Group 3 without treatment. Group 4, 200 mg/kg of extract daily, and Group 5 received toltrazuril by 
gavage at a daily dosage of 25 mg/kg. On day 5 p.i., mice were slaughtered and jejunum tissues were prepared for 
histology and oxidative stress. GC-MS analysis revealed nine biologically active chemical compounds. The most 
effective dose was 200 mg/kg, significantly reducing jejunal parasite stages. Also, quantitative results showed 
phenolics, flavonoids, and tannin 160.22±0.652 mg GAE/g DW, 34.046±0.545 mg QE/g DW, and 65.869±0.263 
mg TAE/g DW, respectively. Moreover, IC50 was obtained at 44.2±0.007 g/mL for Hep-G2 cell lines. The results 
showed that when the mice received a dose of 200 mg/kg of the extract, there were statistically significant differ-
ences compared to the infected group (P ≤ 0.05), as the tissue injury within the jejunum decreased by 66%. The 
C. procera extract successfully reverses the effects of the E. papillate infection on gamma-glutamyl transferase, 
nitric oxide, and antioxidant enzyme catalase. It has been demonstrated that extract possesses anti-inflammatory 
activities, reduces the output of oocysts, and improves oxidative status.
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INTRODUCTION

Coccidiosis, often considered one of the deadliest 
diseases that may affect chickens, is also some-

times referred to as red dysentery (McDougald et al., 
2020). The condition is caused by an endogenous 
protozoan parasite called Eimeria, which completes 
its life cycle inside the intestinal mucosa of the avi-
an host affected by the ailment (Mesa-Pineda et al., 
2021). Parasites have a single-celled life cycle and 
are passed from host to host through the gastroin-
testinal tract and feces. Eimeria has the potential 
to cause extensive damage to the epithelial cells. 
Consequently, the host may have symptoms such as 
diarrhea, malabsorption, and difficulty gaining weight 
(Lu C et al., 2021). In jejunum infections, E. papil-
late-mice infection has significant inflammation in 
the gastrointestinal. Mice are the most commonly 
used experimental models in biomedical research. In-
deed, E. papillate is a great model for studying avian 
coccidiosis (Murshed et al., 2022). The management 
of coccidiosis is achieved by the use of chemical coc-
cidiostats, which include several medications such 
as pyridine group (Coyden), quinolone (nequinate 
and decoquinate), ionophore, halofuginone and 
quinazoline, thiamine antagonists (amprolium), and 
sulphonamide. Nevertheless, apart from medication 
resistance, there are apprehensions about food safety 
and public health regarding medicine residues in an-
imal products, hence imposing limitations on using 
those goods (Chapman and Rathinam 2022).

This indicates that treating Eimeria with industri-
al drugs is ineffective in some cases due to parasite 
resistance, and has secondary effects (Abdelhady 
et al., 2012). Amprolium is a synthetic pharmaceu-
tical agent used for the therapeutic management of 
coccidiosis. Amprolium hydrochloride, a synthetic 
chemical compound, is classified as a quaternized 
pyrimidine derivative with the molecular formula 
C14H19ClN4. This product belongs to the family of 
chemical compounds referred to as methyl pyridines, 
distinguished by the occurrence of a methyl group 
at two locations on a pyridine ring. The disruption 
of thiamine metabolism caused by this analog, an 
analog of vitamin B1 (thiamine), inhibits thiamine 
absorption. Consequently, this inhibition halts the 
synthesis of carbohydrates in coccidiosis (EFSA 
Panel et al., 2018). Because of the challenges of 
treating avian coccidiosis, researchers are motivated 
to study newer disease management techniques and 
natural products are currently being investigated.

Recent studies have shown that using natural 

plant sources exhibits potential advantages in treat-
ing various parasite infections while concurrently 
offering a side-effect-free therapeutic method. An al-
ternate method for treating coccidiosis is developing 
anti-coccidiosis drugs derived from naturally occur-
ring substances and secondary metabolites (Murshed 
et al., 2023). Compared to current treatments, herbal 
remedies have several benefits, the most notable of 
which are their cost-effectiveness and accessibility. 
These advantages encourage the creation of herb-
al-based drugs. On the market now are a variety 
of anti-coccidiosis drugs, including those that are 
naturally occurring, semi-synthetic, and synthetic 
(Mohammadi et al., 2020). Plant-derived products 
have the potential to provide an alternate avenue 
for managing coccidia, without the development of 
resistance (Quadros et al., 2020). Calotropisproc-
era, a plant of significant importance in traditional 
medicine, has a diverse range of pharmacological 
properties. These include antioxidant, antidiarrheal, 
anti-inflammatory, analgesic, antiulcer, antibacteri-
al, hepatoprotective, antipyretic, and antiparasitic 
effects (Mahato, 2020).

The leaf extract of C.Procera, commonly referred 
to as Madar, is a medicinal herb that is utilized in 
various herbal formulations for the treatment of var-
ious body disorders and diseases (Gupta and Lut-
senko 2009). This well-known tribal shrub is used 
in many traditional medicines to treat rheumatism, 
asthma, leprosy, toothaches, skin conditions, and 
elephantiasis (Khan AQ, Malik et al., 1989). Ayurve-
dic medicine also makes use of Calotropis procera. 
It is an ingredient in many polyherbal remedies for 
treating illnesses. One plant whose potential as an 
anticonvulsant has been studied is Ayurveda (Ojha 
et al., 2003).

Calotropis procera leaf extract (CPLE), contains 
a diverse range of metabolites, including glycosides 
and cardenolides, triterpenoids, steroids, saponins, 
lignans (Ojha et al., 2017), proteins, and different en-
zymes (Bezerra et al., 2017), hydrocarbons (Erdman 
M, Erdman and Erdman 1981), saturated and unsat-
urated fatty acids (Hunter et al., 2010). C. procera 
showed a diverse array of biological activities such 
as antimicrobial (Tiwari and Upmanyu 2020), anti-
diarrhoeal(Kumar et al., 2001), wound healing (de 
Figueiredo‐Feitosa et al., 2017), anti-inflammatory 
(Ramos et al., 2020), analgesic (Pathak and Argal 
2007), anthelmintic (Iqbalet al., 2005), antioxidant 
(Yesmin et al., 2008), and in vivo anti-hyperglycemic 
(Rahmatullah et al., 2010).
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This study aims to evaluate the efficacy of C. 
procera leaf extract in mitigating the histopatho-
logical changes and oxidative stress induced by E. 
papillae infection in mice. It is advisable to integrate 
the presently accessible approaches for managing 
medication resistance and controlling coccidiosis. 

MATERIAL AND METHODS
Ethical approval
Regulations for the use of animals in Saudi Arabia 
were adhered to through the research experiment 
(Ethic Committee King Saud University, ethical 
permission number: KSU-SE-21-86).

Plant collection and extract preparation
Riyadh’s wild areas fresh C. procera leaves were ob-
tained (Figure 1). Voucher specimens were deposited 
in King Saud University’s Botany and Microbiology, 
Department herbarium to establish their botanical 
identity using the technique presented (Manikandan 
et al., 2008). The leaves that were gathered were 
thoroughly cleaned to eliminate any undesired par-
ticles. Subsequently, they were air-dried at ambi-
ent temperature in preparation for further analysis. 
Finally, the leaves were ground using an electric 
blender. Later, a quantity of 100 grams of powdered 
leaves was subjected to extraction using 400 mL of 
methanol as the solvent. The resulting mixture was 
then put in a shaker and allowed to react at ambient 
temperature for a duration of 24 hours. The leaf 
extract underwent filtration using Whatman filter 
sheets. Subsequently, the resulting extract was sub-
jected to concentration and drying using a Yamato 
RE300 rotating vacuum evaporator (Tokyo, Japan) 
at a temperature of 40 °C and reduced pressure, to 
facilitate its further application. 

Phyttochemical analysis GC-MS
Phytochemical Analysis GC-MS-Extracted C. pro-
cera Leaves. Trace GC-ISQ Quantum mass spec-

trometer system (Thermo Scientific, Austin, TX, 
USA) analyzed C. procera extract. This analysis was 
done according to the method Kanthal et al (2014), 
(Kanthal et al., 2014). The C. procera extract was 
examined using a Thermo Scientific Trace GC-ISQ 
Quantum mass spectrometer system (Austin, TX, 
USA). A flow rate of 1 mL.mn−1/min was utilized. 
A GC-MS outfitted with a TG–5MS column (30 m 
× 0.25 mm ID, 0.25 μm film thickness) was filled 
with approximately 1 μL of the sample. As a car-
rier, helium gas was utilized at a steady flow rate 
of 1.0 mL min−1. The detected mass spectra ranged 
from 50 to 500 m/z. After 10 minutes at 50 ◦C, the 
temperature rose to 250 °C at a rate of 5 ◦C min−1, 
where it remained isothermal for 2 minutes at 300 
°C, and then for 10 minutes at 350 °C. By compar-
ing the recorded mass spectra of each component 
with the information kept in the preceding librar-
ies, the phytochemical constituents were identified 
using the NIST, Adams, Terpenoids, and Volatile 
Organic Compounds libraries. By comparing each 
component’s average peak area with the overall peak 
areas and using the Retention time index, the relative 
quantity for each was determined.

Total phenolics, flavonoid, and tannin  
(TTC, TFC, TTC) content measurements
The phenolic content of CPLE was determined ac-
cording to the method by Singleton et al (Singleton 
et al1999). 25-150 µg/mL gallic acid solutions were 
utilized. After mixing Folin-Ciocalteu reagent (0.1 
mL), ultrapure water (Milli-Q) (1.5 mL), and gallic 
acid or 0.1 mL of the plant extract (1 mg/mL) for 8 
min, 20% sodium carbonate (0.3 mL) solution was 
blended and vortexed in darkness for 2 h and incu-
bated. The blue color absorbance was measured at 
765 nm with a UV-visible spectrophotometer. Based 
on the curve calibration equation (y = 0.005 − x − 
0.0088), the extracts’ phenolic content was estimated 
as gallic acid equivalent (mg/g DW), where (y) is 
absorbance and (x) is concentration.

CPLE’s total flavonoids were measured according 
to the method Ordonez et al (2006). 2% AlCl3 (1.0 
mL) water solution was combined with 1.0 mL of 
plant extract (1 mg/mL). Incubation at room tempera-
ture for an hour yielded absorbance at 420 nm. The 
standard solution and standard curve (R2 = 0.9996) 
were prepared using 50-800 g/mL quercetin solution. 
Flavonoids in the extracts were expressed as querce-
tin (mg/g DW) using the calibration curve equation, 
y = 0.0011x + 0.0928, where y is absorbance and x 
is quercetin equivalent concentration (mg/g).Figure 1. Calotropis procera plant leaves.
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The total tannin content was determined by uti-
lizing this approach for the leaf extract. An overall 
volume of 0.1 mL of the extract samples was put into 
an Eppendorf tube with a capacity of 2 mL, which 
already included 1.5 mL of Milli-Q water and 0.1 mL 
of the Folin–Ciocalteu phenol reagent. This mixture 
was incubated for 8 minutes. After that, to neutralize 
the solution, 0.3 mL of a sodium carbonate solution 
containing 35 % was added to the combination. After 
that, the ingredients were thoroughly combined and 
then placed in a dark, ambient temperature area for 
twenty minutes. The measured value for the wave-
length was 700 nm. The following equation, (Y = 
0.0013x+ 0.0052 with R2 = 9937) was utilized to 
determine the total tannin content that was present 
in the leaf extract. The total tannin content that was 
calculated was given in units of mg/g dry weight 
(DW).

Cytotoxicity evaluation (cell viability assay)
Hep-G2/2.2.15 Human Hepatoblastoma Cell Line 
were obtained from Sigma-Aldrich Chemie GmbH 
(Taufkirchen - Germany).  The cell lines were cul-
tivated in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% Fetal Bovine Se-
rum (FBS) in a humid environment with 5% CO2 at 
37 ̊C. The detection of cell viability and cell growth 
was performed using MTT Assay (3-(4,5-Dimeth-
yl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium Bro-
mide, cat#475989-1GM, Sigma-Aldrich, Germany). 
Briefly, aliquots of 120 µl of the suspended cells (5 
x104 mL-1) were given to 60 ng/mL of a serial dilu-
tion of the C. procera Leaf extract, in a 96-well plate. 
After 3 days of incubation, 20 µl of MTT-solution 
was given to each well, and the cells were further 
cultivated for an additional two hours. Formazan 
crystals were dissolved in isopropanol. The inten-
sity of the resulting color was measured at 595 nm 
using a microplate reader (BioTek, USA). The cell 
viability % was calculated as follows:
Cell Viability (%) = Mean absorbance [treated cells 
/ untreated cells] × 100
The IC50 values (concentration of extract that trig-
gered 50% inhibition) were specified from the 
dose-response curve of cell viability percent using 
OriginPro software.

Evaluation of the anticoccidial effect of 
different treatments
The experiment was conducted at the Laboratory of 
Parasitology at the College of Sciences, specifically 
within the Department of Zoology at King Saud Uni-

versity. The mice were raised in cages equipped with 
continuous lighting and proper ventilation. Before 
each experiment, the cages underwent a thorough 
cleaning, washing, and disinfection process. Addi-
tionally, separate feeders and waterers were installed 
in each cage. The fecal samples of the mice were 
analyzed several days before the commencement of 
the experiment to verify their absence of Eimeria 
infection as described by Allen et al (1997). Accord-
ing to a particular protocol, the mice were housed 
in a controlled environment. The temperature was 
kept at 21°C, with a light period of 12 hours and a 
darkness period of 12 hours. The mice were provided 
with standard feed and water ad libitum, ensuring 
they had unrestricted access to food and water. The 
housing conditions were pathogen-free, minimizing 
the risk of any infectious agents. A total of 30 adult 
female C57BL/6 mice, aged 9 to 11 weeks and with 
an average weight of 19 g per mouse, were included 
in the study. 

A pre-test contained 50, 100, 200, and 400 mg/kg 
of the extract in mice infected with E. papillate. The 
best dose for reducing the number of oocysts was 
obtained (200 mg/kg). These mice were randomly 
assigned to five different groups. The groups were 
given the designations of Groups 1st, 2nd, 3rd, 4th, and 
5th. Each group comprises six mice. 

Experimental challenge
Eimeria papillate sporulated oocysts were acquired 
from the laboratory of parasitology, by periodic pass-
ing of infection-free mice. Un-sporulated oocysts 
were collected from the feces of mice, specifical-
ly 4-5 days post-infection. Subsequently, the fecal 
pellets obtained from each mouse were suspended 
in a solution consisting of 2.5% (w/v) potassium 
dichromate in saturated sodium chloride (NaCl) by 
a flotation process, in preparation for their use in 
the experiment. Following the washing process to 
eliminate the solution, the quantity of these recently 
obtained oocysts was modified to ensure that each 
mouse received 1 × 103 sporulated oocysts in 100 
μl of saline by oral gavage. The faecal oocyst was 
quantified between the third and fifth day after in-
fection. Feces were collected from each subgroup of 
infected individuals, and subsequently, the average 
count of oocysts was determined.

Reduction in oocyst rate% = ×100

(OPG oocysts control infected –  
OPG oocysts treatment infected)

OPG control infected

Group 1st mice were given a conventional control 
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diet devoid of any infection. In Group 2nd, the infect-
ed mice were given a dosage of 1x103E. papillate 
oocysts without any therapy. Group 3rd was admin-
istered a daily dose of 200 mg/kg of C. procera 
leaf methanolic extract by gavage without subject-
ing them to any challenge to assess toxicity. The 
members of Groups 4th and 5th were subjected to 
oral infection with a dosage of 1×103E. papillate oo-
cysts. One hour after the infection. The 4th group was 
administered a dosage of 200 mg/kg of C. procera 
leaf, whilst the 5th group was given a daily dosage 
of 25 mg/kg of Toltrazuril) Veterinary Agriculture 
Products Company – VAP-CO) for five days.

Sample collection, count of oocysts in the 
jejunum, and histological examination
On the fifth day of the experiment, the mice were eu-
thanized, and sections of the jejunum were collected 
to assess parasite developmental stages, do histolog-
ical examination, and examine oxidative status. The 
specimens of the jejunum were afterward immersed 
in a 10% neutral formalin solution for fixation, fol-
lowed by dehydration in ethanol. They were then 
embedded in paraffin wax and sliced into slices with 
a thickness of 5 micrometers. The sections under-
went a staining procedure called hematoxylin and 
eosin (H&E), (Carleton ET A., 1980). 

Oxidative stress
Following the determination of the weight of the 
jejunum extracted from each mouse, it was subject-
ed to homogenization in phosphate-buffered saline 
(PBS) using a buffer solution with a pH value not 
exceeding 7.4. Subsequently, centrifugation was 
performed at a temperature of 4°C for 15 minutes 
at a force of 5000 g. Following the supernatant 
collection, a portion equivalent to 10% of the total 
volume was used to assess the levels of oxidative 
stress markers. The quantification of glutathione 
(GSH), according to Ellman, (1959),and catalase 
activity was determined according to the method 
of Aebi (1984), and the estimation of nitrite oxide 
(NO) carried out according to the mode of Berkels 
et al (2004), in the jejunum was performed. 

STATISTICAL ANALYSIS
The data was inputted using Microsoft Excel version 
2020, and further statistical analysis was conduct-
ed using Minitab Statistical Software version 20. 
Descriptive statistics, including measures of cen-
tral tendency such as means and frequency tables 
and charts, were computed to present the current 
state of Eimeria spp. Analysis of variance (ANO-

VA) tests were conducted, followed by Duncan’s 
multiple range tests. The results are presented as 
means with standard error (±SE). Significance was 
attributed to values with a probability less than or 
equal to (p ≤ 0.05).

RESULTS
The GC-MS investigation uncovered in the C. 
procera leaf methanolic extract a large number of 
bioactive compounds associated with plant second-
ary metabolites with their retention time (RT), and 
peak area percentage. The components most avail-
able and potentially effective are as follows: high 
Monounsaturated Oleic Acid (47.39%), Linoleic 
acid (18.44%), Pyranose (10.7), diterpene (9.39%), 
Fatty acid (4.5%). They may serve a role as an an-
ti-inflammatory, an antioxidant, or an antibacterial 
agent (Table 1 and Figures 2). 

Figure 3 shows the results of the phenolics TPC, 
flavonoids TFC, and tannin TTC measurements tak-
en of the extract. The total potency concentration 
of the extract was determined to be 160.22±0.652 
mg GAE/g DW, 34.046±0.545 mg QE/g DW, and 
65.869±0.263 mg TAE/g DW, respectively.

The findings regarding the cytotoxicity of the 
extract are presented in Figure 3, which shows the 
results of testing it at varying concentrations. The 
experiment included exposing Hep-G2 (hepatoblas-
toma cell line) cells to various concentrations of an 
extract, namely 1, 12.5, 25, 50, 100, 200, 400, and 
800 ng/mL. The survival rates of the cells at these 
concentrations were found to be 99.76, 84.00, 73.19, 
62.27, 53.11, 35.29, 18.81, and 5.19%, respectively. 
The IC50 value for Hep-G2 was calculated to be 
44.2±0.007 ng/mL. As can be shown in Figure 3, the 
percentage of cancer cells that managed to survive 
was reduced as the concentration of the extract was 
raised.

Oocyst output on day 5 post-infection, the infect-
ed group had a peak stool oocyst output of 5787 ± 
172.33 oocysts/g faeces. In the groups treated with 
CPLE suspension, oocyst output was reduced by 
63 and 66%, in extract and Toltrazuril respectively 
(Figure 5). It was so clear that the 200 mg/kg dose 
was the most efficient at suppressing faecal oocyst 
production oocyst output. 

The overall count of intracellular E. papillate 
stages, including meronts, gamonts, and developing 
oocysts, exhibited a notable reduction in infected 
mice administered with different dosages of CPLE, 
particularly at a dosage of 200 mg/kg CPLE, as 
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Table 1. GC-MS analysis of phytochemical compounds of methanolic leaf extracts.

RT(min) Phytochemicals Chemical group Formula [M-H]
(m/z)

Peak 
area %

5.76 1-Amino-2,6-dimethylpiperidine Heterocyclic 
compounds C7H16N2 128 2.09

7.47 4H-Pyran-4-one, 2,3-dihydro-3,5-
dihydroxy-6-methyl-

Heterocyclic 
compounds C6H8O4 144 2.82

8.88 7-Ethyl-4-decen-6-one Organic compound C12H22O 182 10.7
12.63 β-D-Glucopyranose, 1,6-anhydro- Monosaccharides C6H10O5 162 4.5

17.88 n-Hexadecanoic acid Palmitic acid (fatty 
acid) C16H32O2 256 9.39

19.61 Linoleic acid fatty acids C18H32O2 280 18.44
19.66 Oleic Acid fatty acids C18H34O2 282 47.39
19.61 Linoleic acid fatty acids C18H32O2 280 18.44
19.66 Oleic Acid fatty acids C18H34O2 282 47.39
19.85 Octadecanoic acid fatty acids C18H36O2 284 3.43
22.61 9,12-Octadecadienoyl chloride, (Z, Z)- fatty acids C18H31ClO 298 1.24

Figure 2. GC-MS analysis reveals the presence of some phytochemical substances in C. proceraleaf 
extracts.

shown in Figure 6, which displays hematoxylin and 
eosin-stained sections of the jejunal villi. This was 
especially apparent in mice that had received extract 
treatment. Mice contracted E. papillae after being 
given the bacteria. Various stages of parasites were 
seen in the jejunum of mice that were intentionally 
infected with E. papillate oocysts. The administra-
tion of CPLE resulted in a substantial decrease of 
61% in the number of parasite stages seen per ten 
villous-crypt units, in comparison to the infected 
group (P ≤0.05).

There has been a remarkable change in the in-

fected and treated mice in the glutathione (GSH), 
nitric oxide (NO), and the antioxidant enzyme cat-
alase (CAT). 

As a consequence of comparing the non-infected 
group to the infected group, it was discovered that 
infection with E. papillate in the infected group led 
to a significant decrease in the level of glutathione 
(GSH). There was a statistically significant rise in 
the level of glutathione (GSH) after the administra-
tion of 200 mg/mL of C. procera through gavage (p 
< 0.001). On the other hand, we observed that the 
injection of 200 mg/kg of C. procerainto mice that 
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Figure 3. Total of phenols, flavonoids, and 
tannin in methanolic extract of C. procera leaf.

Figure 4. The effect of different doses of 
C. procera extract on the cytotoxicity and 
subsequent survival of the HT29 cell line. HT-
29: Human Colorectal Adenocarcinoma Cell 
Line.

Figure 5. Oocyst output patterns in mice 
infected with E. papillate that were treated with 
varied dosages of C. procera Leaf extract on 
day 5 of being treated (all values provided as 
Mean±SE). * statistically significant (P≤ 0.05).

were without any infection increased GSH (Figure 
7).

In Figure 8, E. papillate infection caused a sig-
nificant increase (P<001) in the level of nitric ox-
ide (NO) in the jejunum. This increase reached was 
ameliorated after treatment of the infected mice with 
E. papillate, the level of nitric oxide was altered 
to nearly the same as in the non-infected control 
groups. Compared to the reference drug, toltrazuril, 
the level of nitric oxide was ameliorated after treat-
ment with the C. procera extract (Figure 8).

In the infected mice jejunum, the enzyme cata-

lase activity was reduced significantly (P<001) after 
infection of mice with E. papillate (Figure 9). C. 
procera was able to increase the activity of catalase 
to reach that of the control.

DISCUSSION
Although many anticoccidial medicines have been 
utilized, there have numerous cases of these inter-
ventions having negative side effects. Concerns over 
drug residues among consumers have redirected re-
search efforts toward alternative molecules that are 
natural, risk-free, and effective (Kalia et al., 2017). 
One of these natural alternatives, utilizing medicinal 
phyto-product extracts that have attracted attention 
as potential anticoccidial (Kola et al., 2022). In the 
chicken industry, the prevention and control of coc-
cidian infections are one of the main pillars of the 
success of poultry projects (Orengo et al., 2012). 
This is because coccidian infections contribute to 
production losses, treatment expenses, and disease 
prevention (Blake et al., 2020).  So, in addition to the 
risk of coccidiosis. It can increase the risk of other 
contagious diseases and parasitic disorders, such as 
pneumonia and helminthiasis agents (Głuchowska 
et al., 2021). This research aimed to evaluate, in 
vivo, the anticoccidial efficacy of CPLE. on oxidative 
status and parasitic stages. 

According to (Ghule and Jagtap, 2022), the trans-
port of medicine across the intestinal epithelial cells 
is reduced when its lipophilicity is increased. Phe-
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Figure 6. Comparison of the stages of development of oocysts in the jejunum of the infected group 
(A) with the extract (B) and the reference drug (C), different development phases were observed. 
Meronts (ME). Both the macrogamont (MA) and the microgamont (MI) were present. Macrogamont 
(MA), microgaming (MI), and developing oocyst (DO) are present. Staining the sections with 
hematoxylin and eosin, more commonly referred to as H&E, was accomplished.

Figure 7. The effect of C. procera leaf extracts 
on the glutathione (GSH) in mice jejunum 
infected with E. papillate. * Significant 
difference when compared to the control group 
(p ≤ 0.01). # Significant difference when 
compared to the infected group (p ≤ 0.05). 
CPLE: Calotropis procera leaf extract; CON: 
control.

Figure 8. The impact of C. procera leaf extracts 
on nitric oxide (NO) in mice jejunum infected 
with E. papillate. * Significant difference when 
compared to the control group (p ≤ 0.01). # 
Significant anther groups compared to the 
infected group (p ≤ 0.05). CPLE: Calotropis 
procera leaf extract.

nolic ingredients their antioxidant properties,and 
flavonoids form compounds with metal ions to 
scavenge free radicals (Kiokias et al., 2020). Ghol-
amshahi and Salehi Sardoei observed that the leaf 
had the highest Total Phenolic Content (TPC) value, 
measuring at 9.8 mg GAE/g of dry weight (DW) 
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Figure 9. The effect of C. procera leaf extracts 
on the catalase in mice jejunum infected with 
E. papillate. * Significant difference when 
compared to the control group (p ≤ 0.01). # 
Significant difference when compared to the 
infected group (p ≤ 0.05 CPLE: Calotropis 
procera leaf extract; Inf: infected.

(Gholamshahi et al., 2019). The quantities of total 
phenolic compounds (TPC) and total flavonoid com-
pounds (TFC) may be influenced by several factors, 
including the technique of extraction, type of sol-
vent used, climatic conditions, farming practices, the 
kind of plant, and the specific portions of the plant 
used (Mutlu-Ingok et al., 2020). The presence of an 
elevated ratio of biological substances such as phe-
nolic compounds and flavonoids confers significant 
industrial and medicinal advantages, facilitating the 
attainment of economies of scale and enhancing the 
competitiveness of the agricultural sector (Sarker 
et al., 2020).

Given the significance of medicinal plants in 
mitigating cytotoxicity and their potential impact 
on reducing toxicity and carcinogenesis. The MTT 
method was used to evaluate the detoxification effi-
cacy of the C. procera extract. The MTT technique 
was utilized by (Mathur et al., 2009). To investigate 
the cytotoxic effects of C. procera extracts derived 
from methanol on Hep2 cells, a study was conducted. 
No cytotoxic effects were seen from the C. procera 
extract, as supported by the evidence (Ibrahim et 
al., 2019). 

Compounds with phenolic groups are the most 

abundant phytochemical components with antiox-
idant capabilities (Yu et al., 2021). Phenolic com-
pounds, encompassing phenols and flavonoids, are 
well recognized for their antioxidant properties and 
possess several significant uses concerning human 
nutrition and health. Additionally, these compounds 
have potential in the prevention and treatment of di-
verse illnesses (Rahman et al., 2021). Several studies 
have shown that CPLE can treat a wide spectrum 
of body ailments (Amin et al., 2019). It is general-
ly known that most anti-coccidian therapies reduce 
intracellular Eimeria stages and oocyst shedding. 
High polyphenolic chemical concentrations in plant 
extract may have anticoccidial actions (Blake et al., 
2020). Because they alter microbe cell walls and 
membranes’ permeability to cations and water, these 
chemicals are highly antibacterial. Membrane dys-
function and cell component leaking cause cell death 
(Amin et al., 2019). Previous studies have linked the 
loss to intestinal epithelial cell carbohydrate content 
and severe structural defects caused by Eimeria par-
asite stages (Murshed et al., 2022).

These effects were achieved because the plant 
extract included bioactive substances that improved 
jejunal histological architecture after therapy. E. 
papillate infection causes significant jejunum in-
flammation and oxidative damage in mice. CPLE 
effectively reduced jejunum tissue oxidative dam-
age in sick mice (Huang et al., 2018). Murshed et 
al, (2023), chronic toxicity experiments on Vitis vi-
niferaextract show no negative effects at 200 mg/
kg (Murshed et al., 2023). This research indicates 
that administering a 200 mg/kg dosage had the most 
efficacy as an anticoccidial treatment. The admin-
istration of C. procera leaf extract to mice treated 
with phenols resulted in enhanced immune response 
(Amer et al., 2022). Additionally, the extract showed 
significant effectiveness in mitigating cholinesterase 
activity and oxidative stress in animals with retro-
grade amnesia (Simonetti et al., 2020). The results 
of this research indicate that the administration of 
a dosage of 200 mg/kg had the most efficacy as an 
anticoccidial treatment. We also found that CPLE 
disrupted E. papillate life cycle and oocyst sporula-
tion at all stages. The jejunum parasite developmen-
tal stages and fecal oocyst excretion decreased sig-
nificantly. Moreover, the abundance of Polyphenols 
in CPLE has been shown to impede the growth of 
protozoa by its interaction with cholesterol present 
on the cell membrane of the parasite. This interaction 
restricts the parasite’s life cycle, ultimately leading 
to its demise (Zaman et al., 2012). Antioxidant and 
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anti-inflammatory plant extract components provide 
CPEL with significant potential. 

Coccidian infection disrupts endogenous anti-
oxidant defense and free radical generation (Ab-
del-Moneim et al., 2022). E. papillate infection 
produces oxidative damage to the mouse jejunum, 
depleting antioxidant enzymes lowering NO lev-
els, and high GSH, and catalase levels. The oxida-
tive parameters are essential for the animal body 
to mitigate free radical damage during an Eimeria 
infection. Antioxidant enzymes use the active sites 
of plant extracts to reduce the harmful effects of 
reactive oxygen species on the epithelial cells of the 
jejunum (Elmahallawy et al., 2022). The acronym 
CPLE refers to the concept or entity being discussed. 
Further context or information is the intervention 
significantly mitigated the decline in these indicators 
caused by infection-induced factors and enhanced 
their activity, which is typically suppressed in the 
presence of infection-induced reactive oxygen spe-
cies (ROS). The process of lipid peroxide oxidation 
results in the generation of carbonyl compounds, 
such as nitric oxide (NO) (Hassan et al., 2020). We 
employed plant extracts to fight E. papillate infection 
in this investigation. Found that CPLE inhibits para-
site stages development. According to Forder, mul-
berry extract treatment is efficient against Eimeria 
(Forder et al., 2012). Based on the aforementioned, 

CPLE is effective against coccidian infections. A 
reduction in oocyst excretion and sporulation and a 
decrease in the number of parasite stages present in 
the jejunum were seen in our study.

CONCLUSIONS
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. The study 
demonstrated that the extract possesses anti-inflam-
matory properties by reducing parasite eggs during 
the growth stages within the jejunum. In addition, 
significant improvements in histological profiles and 
oxidative status were seen in the jejunum of mice. 
Further experimental and clinical studies are needed 
to understand the pharmacological and therapeutic 
properties of the plant to isolate active compounds. 
The creation of significant therapeutic medications 
that are based on the active phytochemical compo-
nents of C. procera will be facilitated. 

CONFLICTS OF INTEREST 
The authors declare no conflict of interest.

ACKNOWLEDGMENT
Thank you for the Project of the Researchers Sup-
porting number: (RSP-2024R3), at King Saud Uni-
versity, Riyadh, Saudi Arabia.

REFERENCES

McDougald LR, Cervantes HM, Jenkins MC, Hess M, Beckstead R 
(2020). Protozoalinfections. Diseasesof poultry.1192-254.

Mesa-Pineda C, Navarro-Ruíz JL, López-Osorio S, Chaparro-Gutiérrez 
JJ, Gómez-Osorio LM (2021). Chicken coccidiosis: from the par-
asite lifecycle to control of the disease. Front. vet. sci. 8:787653.

Lu C, Yan Y, Jian F, Ning C (2021). Coccidia-microbiota interactions 
and their effects on the host. Front. cell. infect. microbiol: 937.

Murshed M, Al-Quraishy S, Qasem MA (2022). In vitro: Anti-coccidia 
activity of Calotropis procera leaf extract on Eimeria papillate oo-
cysts sporulation and sporozoite. Open Chem.20:1057-64.

Chapman HD, Rathinam T(2022). Focused review: the role of drug 
combinations for the control of coccidiosis in commercially reared 
chickens. IJP: Drugs and Drug Resistance.18:32-42.

Abdelhady AY, El-Safty SA, Hashim M, Ibrahim MA, Mohammed FF, 
Elbaz AM, et al, (2021). Comparative evaluation of single or com-
bined anticoccidials on performance, antioxidant status, immune 
response, and intestinal architecture of broiler chickens challenged 
with mixed Eimeria species. Poul. Scie. 100:101162.

Additives EPo, Feed PoSuiA, Rychen G, Aquilina G, Azimonti G, Bam-
pidis V, et al. (2018). Safety and efficacy of COXAM® (amprolium 
hydrochloride) for chickens for fattening and chickens reared for 
laying. EFSA Journal.16: e05338.

Murshed M, Al-Quraishy S, Qasem M (2023). The anticoccidial effects 
of the poultry bile against Eimeria papillate oocysts of mice: In 
vitro study. Indian J. Anim. Res. 57:74-81.

Mohammadi S, Jafari B, Asgharian P, Martorell M, Sharifi‐Rad J (2020).  
Medicinal plants used in the treatment of Malaria: A key emphasis 
to Artemisia, Cinchona, Cryptolepis, and Tabebuia genera. Phyto-
therapy research.34:1556-69.

Quadros DG, Johnson TL, Whitney TR, Oliver JD, Oliva Chávez AS 
(2020). Plant-derived natural compounds for tick pest control in 
livestock and wildlife: Pragmatism or utopia? Insects. 11:490.

Mahato TK (2020). Exploring antibacterial & antiulcer activity of 
aeglemarmeloslinn.: A review. Int J Pharm Chem Anal.7:107-12.

Gupta A, Lutsenko S (2009). Human copper transporters: mechanism, 
role in human diseases and therapeutic potential. Future medicinal 
chemistry.1:1125-42.

Khan AQ, Malik A (1989). A steroid from Calotropis procera. Phyto-
chemistry. 28:2859-61.

Ojha P, Maikhuri J, Gupta G (2003).  Effect of spermicides on Lacto-
bacillus acidophilus in vitro—nonoxynol-9 vs. Sapindus saponins. 
Contraception. 68:135-8.

Bezerra RM, Neto DMA, Galvão WS, Rios NS, Carvalho ACLdM, 
Correa MA, et al, (2017). Design of a lipase-nano particle biocat-



M. MURSHED, J. AL-TAMIMI, M. MARES, H.M.A. ALJAWDAH, S. AL-QURAISHY	 9095

J HELLENIC VET MED SOC 2025, 76 (2) 
ΠΕΚΕ 2025, 76 (2)

alyst and its use in the kinetic resolution of medicament precursors. 
Biochemical Engineering Journal. 125:104-15.

Erdman M, Erdman B (1981).. Calotropis procera as a source of plant 
hydrocarbons. Economic Botany. 35:467-72.

Hunter JE, Zhang J, Kris-Etherton PM (2010). Cardiovascular disease 
risk of dietary stearic acid compared with trans, other saturated, and 
unsaturated fatty acids: a systematic review. The American journal 
of clinical nutrition. 91:46-63.

Tiwari DK, Upmanyu N (2020). Phytochemical and Pharmacological 
activity of Wonder Shrub: Calotropis gigantia. Research Journal 
of Pharmacognosy and Phytochemistry.12:106-10.

Kumar S, Dewan S, Sangraula H, Kumar V(2001).. Anti-diarrhoeal 
activity of the latex of Calotropis procera. Journal of Ethnophar-
macology. 76:115-8.

de Figueiredo‐Feitosa NL, Martelli Palomino G, Ciliao Alves DC, 
Mendes Junior CT, Donadi EA, Maciel LMZ (2017). HLA‐G 3′ 
untranslated region polymorphic sites associated with increased 
HLA‐G production are more frequent in patients exhibiting differ-
entiated thyroid tumours. ClinicalEndocrinology. 2017;86:597-605.

Ramos MV, Freitas APF, Leitão RF, Costa DV, Cerqueira GS, Martins 
DS, et al,(2021). Anti-inflammatory latex proteins of the medicinal 
plant Calotropis procera: a promising alternative for oral mucositis 
treatment. Inflammation Research. 69:951-66.

Pathak A, Argal A (2007).. Analgesic activity of Calotropis gigantea 
flower. Fitoterapia.78:40-2.

Iqbal Z, Lateef M, Jabbar A, Muhammad G, Khan MN (2005). Anthel-
mintic activity of Calotropis procera (Ait.) Ait. F. flowers in sheep. 
Journal of Ethnopharmacology. 102:256-61.

Yesmin MN, Uddin SN, Mubassara S, Akond MA (2008). Antioxidant 
and antibacterial activities of Calotropis procera Linn. Ameri-
can-Eurasian Journal of Agricultural & Environmental Sciences. 
4:550-3.

Rahmatullah M, Shefa TF, Hasan L, Hossain MT, Ahmed S, Al Mamun 
A, et al. (2010). A study on the antinociceptive and anti-hypergly-
cemic activity of methanol extract of Brassica juncea (L.) Czern. 
leaves in mice. Advances in Natural and Applied Sciences. 4:221-5.

Manikandan P, Letchoumy PV, Gopalakrishnan M, Nagini S (2008). 
Evaluation of Azadirachtaindica leaf fractions for in vitro antioxi-
dant potential and in vivo modulation of biomarkers of chemopre-
vention in the hamster buccal pouch carcinogenesis model. Food 
and Chemical Toxicology. 46:2332-43.

Kanthal LK, Dey A, Satyavathi K, Bhojaraju P (2014). GC-MS analysis 
of bio-active compounds in methanolic extract of Lactuca runcinate 
DC. Pharmacognosy research. 6:58.

Singleton VL, Orthofer R, Lamuela-Raventós RM (1999). Analysis of 
total phenols and other oxidation substrates and antioxidants by 
means of folin-ciocalteu reagent.  Methods in enzymology: Else-
vier; 1999. p. 152-78.

Ordonez A, Gomez J, Vattuone M (2006). Antioxidant activities of 
Sechiumedule (Jacq.) Swartz extracts. Food chemistry. 97:452-8.

Carleton HM, Drury RAB, Wallington EA (1980). Carleton’s histological 
technique: Oxford University Press, USA.

Ellman, G. L. (1959). Tissue sulfhydryl groups. Archives of biochem-
istry and biophysics, 82(1), 70-77.

Aebi H (1984) “Catalase in vitro”, Methods in Enzymology, vol. 105, 
pp. 121–126.

Berkels R, Purol-Schnabel S, Roesen R (2004). Measurement of nitric 
oxide by reconversion of nitrate/nitrite to NO. J.  Humana Press, 
279: 1-8.

Kalia S, K. Bharti V, Gogoi D, Giri A, Kumar B. Studies on the growth 
performance of different broiler strains at high altitude and eval-
uation of probiotic effect on their survivability. Scientific reports. 
2017;7:46074.

Kola P, Metowogo K, Manjula S, Katawa G, Elkhenany H, Mruthun-
jaya K, et al, (2022). Ethnopharmacological evaluation of the an-
tioxidant, anti-angiogenic, and anti-inflammatory activity of some 
traditional medicinal plants used for treatment of cancer in Togo/
Africa. JournalofEthnopharmacology. 283:114673.

Orengo J, Buendía A, Ruiz-Ibáñez M, Madrid J, Del Río L, Catalá-Gre-
gori P, et al, (2012). Evaluating the efficacy of cinnamaldehyde 
and Echinacea purpurea plant extract in broilers against Eimeria 
acervulina. Veterinary parasitology. 185:158-63.

Blake DP, Knox J, Dehaeck B, Huntington B, Rathinam T, Ravipati V, 
et al, (2020). Re-calculating the cost of coccidiosis in chickens. 
Veterinary Research. 51:1-14.

Głuchowska K, Dzieciątkowski T, Sędzikowska A, Zawistowska-Den-
iziak A, Młocicki D (2021). The New Status of Parasitic Diseases 
in the COVID-19 Pandemic—Risk Factors or Protective Agents? 
Journal of Clinical Medicine. 10:2533.

Ghule A, Jagtap M. GC-MS Analysis of Calotropis Procera L. and 
Tribulus Terrestris L.: A Medicinal Plants. International Journal 
of Health Sciences. 2022;8408-12.

Kiokias S, Proestos C, Oreopoulou V (2020). Phenolic acids of plant 
origin—A review on their antioxidant activity in vitro (o/w emulsion 
systems) along with their in vivo health biochemical properties. 
Foods. 9:534.

Gholamshahi S, Salehi Sardoei A (2019). Phenolic Compounds and 
Antioxidant Activity of Plant Milkweed (Calotropis Procera). 
Eco-phytochemical Journal of Medicinal Plants. 7:77-86.

Mutlu-Ingok A, Devecioglu D, Dikmetas DN, Karbancioglu-Guler F, 
Capanoglu E (2020). Antibacterial, antifungal, antimycotoxigen-
ic, and antioxidant activities of essential oils: An updated review. 
Molecules. 2020;25: 4711.

Sarker U, Oba S (2020). Polyphenol and flavonoid profiles and radical 
scavenging activity in leafy vegetable Amaranthus gangeticus. BMC 
Plant Biology. 20:1-12.

Mathur R, Gupta SK, Mathur SR, Velpandian T (2009). Anti-tumor stud-
ies with extracts of Calotropis procera (Ait.) R. Br. root employing 
Hep2 cells and their possible mechanism of action.

Ibrahim EH, Kilany M, Ghramh HA, Khan KA, ul Islam S (2019). Cel-
lular proliferation/cytotoxicity and antimicrobial potentials of green 
synthesized silver nanoparticles (AgNPs) using Juniperusprocera. 
Saudi Journal of Biological Sciences. 26:1689-94.

Yu M, Gouvinhas I, Rocha J, Barros AI (2021). Phytochemical and 
antioxidant analysis of medicinal and food plants towards bioactive 
food and pharmaceutical resources. Scientific reports. 11:10041.

Rahman MM, Rahaman MS, Islam MR, Rahman F, Mithi FM, Alqahtani 
T, et al, (2021). Role of phenolic compounds in human disease: 
current knowledge and future prospects. Molecules. 27:233.

Amin SM, Hassan HM, El Gendy AENG, El‐Beih AA, Mohamed TA, 
Elshamy AI, et al, (2019). Comparative chemical study and anti-
microbial activity of essential oils of three Artemisia species from 
Egypt and Saudi Arabia. Flavour and Fragrance Journal. 34:450-9.

Huang Q, Liu X, Zhao G, Hu T, Wang Y(2018). Potential and challenges 
of tannins as an alternative to in-feed antibiotics for farm animal 
production. Animal Nutrition. 4:137-50.

Murshed, M., Al-Quraishy, S., Alghamdi, J., Aljawdah, H. M., & Mares, 
M. M. (2023). The Anticoccidial Effect of Alcoholic Vitis vinifera 
Leaf Extracts on Eimeria papillate Oocysts Isolated in Mice In Vitro 
and In Vivo. VeterinarySciences, 10(2), 97.

Amer EI, El-Azzouni MZ, El-Bannan RT, Shalaby TI, El-Achy SN, Go-
maa MM (2022). Schistosomiasis mansoni: A new therapeutic target 
for ubiquinol, a natural inhibitor of neutral magnesium-dependent 
sphingomyelinase in murine model. Acta Tropica. 226:106231.

Simonetti G, Brasili E, Pasqua G (2020). Antifungal activity of phenolic 
and polyphenolic compounds from different matrices of Vitis vin-
ifera L. against human pathogens. Molecules. 25:3748.

Zaman MA, Iqbal Z, Abbas RZ, Khan MN (2012). Anticoccidial activity 
of herbal complex in broiler chickens challenged with Eimeria 
tenella. Parasitology. 139:237-43.

Abdel-Moneim A-ME, El-Saadony MT, Shehata AM, Saad AM, Ald-
humri SA, Ouda SM, et al, (2022). Antioxidant and antimicrobial 
activities of Spirulina platensis extracts and biogenic selenium na-
noparticles against selected pathogenic bacteria and fungi. Saudi 
Journal of Biological Sciences. 29:1197-209.



9096	 M. MURSHED, J. AL-TAMIMI, M. MARES, H.M.A. ALJAWDAH, S. AL-QURAISHY

J HELLENIC VET MED SOC 2025, 76 (2) 
ΠΕΚΕ 2025, 76 (2)

Elmahallawy EK, Fehaid A, El-Shewehy DM, Ramez AM, Alkhaldi AA, 
Mady R, et al, (2022). S-methylcysteine ameliorates the intestinal 
damage induced by Eimeria tenella infection via targeting oxida-
tive stress and inflammatory modulators. Frontiers in Veterinary 
Science.1482.

Hassan R, Soliman E, Hamad R, El-Borady O, Ali A, Helal M (2020). 
Selenium and nano-selenium ameliorations in two breeds of broiler 
chickens exposed to heat stress. South African Journal of Animal 
Science. 50:215-32.

Forder R, Nattrass G, Geier M, Hughes R, Hynd P (2012). Quantitative 
analyses of genes associated with mucin synthesis of broiler chick-
ens with induced necrotic enteritis. Poultry science. 91:1335-41.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

