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ABSTRACT
Background: Coccidiosis is a serious parasitic disease caused by protozoan parasites of the genus Eimeria, presents an
important risk to rabbits’ health and production.
Methods: Potential bioactive compounds in the extract were identified by FT-IR analysis and the total content of phenolics, tannins
and flavonoids was calculated. In addition, enzyme inhibitory and antioxidant effects were investigated.
Result: The phytochemical results of methanolic extract of the leaves of R. nervosus showed the presence of 14 compounds of
active chemical constituents. In addition, the results showed that the methanolic extract had the amount of TPC (54.33±0.198 mg/
g DW), TFC (21.51±0.155 mg/g DW) and TTC (29.37±1.43 mg/g DW). The sporulation inhibition rate between 72- and 96-hour
exposures, as the rate rose significantly with an increasing incubation period (p<0.05). The extract has inhibitory abilities on tested
enzymes α-amylase and-glucosidase.
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INTRODUCTION
Coccidiosis is a significant parasitic disease caused by
protozoan parasites of the genus Eimeria (Abd El-Ghany,
2020), poses a considerable threat to the health and
productivity of rabbits (Bashar et al., 2024), leading to
substantial economic losses in the livestock industry (Abebe
and Gugsa 2018). Among various species of Eimeria
exigua is particularly relevant in the context of rabbit
husbandry, as it can cause severe intestinal damage
(Pilarczyk et al. 2020), resulting in clinical symptoms such
as diarrhea, weight loss and, in severe cases, mortality
(Bangoura and Daugschies, 2018). Traditional control
measures primarily rely on synthetic anticoccidial drugs
(Chapman, 2018). However, the increasing incidence of drug
resistance and the growing consumer demand for organic
and natural animal products necessitate the exploration of
alternative control strategies.

Genus Rumex is found across the globe (Vasas et al.
2015). Rumex nervosus is a plant of the Polygonaceae
family and contains more than 250 species, is often referred
to as “Ithrib” on the Arabian Peninsula. The plants prevalent
in Yemen, as well as in the Middle East and Africa and used
as traditional herbal therapy. Historically, it has been used
for treating many ailments and microbial infections (Al-
Nowihi et al., 2020; Azzam et al., 2020; Hussein et al., 2008;
Wachtel-Galor and Benzie, 2012). R. nervosus is widely
distributed throughout several habitats, including mountains,
overgrazed areas, roadsides, sandy areas, high-altitude
regions, locations with reasonably high rainfall and rocky
areas (Al-Aklabi et al., 2016; Al Yahya et al., 2018).

In Yemen, investigation of biological activities,
antioxidant properties and enzyme inhibitory effects of
R. nervosus leaves extract has been acquired a significant
attention. Various studies have explored the potential health
benefits of R. nervosus through detection the chemical
composition and impact on health. Savran et al. (2016),

highlighted the antioxidant, enzyme inhibitory and
antimicrobial properties of edible Rumex species, shedding
light on the potential health benefits of these plants. Similarly,
(Khan et al., 2014) focused on the urease inhibitory potential
of R. nervosus, emphasizing the importance of different plant
parts in exhibiting bioactive properties. Furthermore,
(Quradha et al., 2019) studied the antibacterial, antioxidant
and anticancer properties of R. nervosus leaves, confirming
that the plant multifaceted biological impacts. Furthermore,
(Desta et al., 2016) investigated the antioxidant activity of
R. nervosus leaves and stems, emphasizing the potential
health benefits of plant. Furthermore, Tedila and Assefa
(2019) explored the antimicrobial activity of R. nervosus
against various pathogens, indicating its potential as a
natural antimicrobial agent.

According to the World Health Organisation (WHO),
herbal medicine is relied upon by 60% of the global
population, with over 80% of people in poor nations
depending heavily on it for their basic healthcare
requirements (Khan and Ahmad, 2019). The preventive anti-
inflammatory effects of R. nervosus , along with the
effectiveness of high dosages of nanoparticles, provide a
promising and cost-effective natural alternative for
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combating inflammation (Ibrahim et al., 2024). The plant
R. nervosus has been extensively used in traditional
medicine for the treatment of constipation, rheumatism,
inflammation, scabies, gout, herpes and eczema
(Kahraman and Yanardag, 2012; Tynybekov et al., 2013).
The mentioned conditions include arthritis, diarrhea,
jaundice, diuretic effects, laxative properties, wound
healing, blisters and cancer (Bharti et al., 2010; Harshaw
et al., 2010).

Recent studies have shown that extracts derived from
several components of the R. nervosus plant, namely the
roots, had strong antibacterial properties against various
harmful bacteria and fungi (Al-Farhan et al., 2022; Al Yahya
et al., 2018; Hussein et al., 2008). The antibacterial and
fugal capabilities of R. nervosus are ascribed to the
existence of several phytochemicals and bioactive
substances inside the plant (Al-Garadi et al., 2022; Al Yahya
et al., 2018). Furthermore, (Tawhid et al., 2023) provided
evidence of the antidiarrheal effects of a methanolic extract
derived from R. nervosus, suggesting its potential for
therapeutic use.

Due to the rising occurrence of antibiotic-resistant
bacteria, there is a growing inclination to investigate natural
sources such as medicinal plants for new antimicrobial
substances (Álvarez-Martínez et al., 2020; Schneider, 2021).
In addition, Qaid et al. (2023) investigated the effects of
supplementing broiler chickens with R. nervosus with
offering valuable information on the possible physiological
effects of the plant extract. These studies emphasize the
need to assess the biological activity, antioxidant capacity
and enzyme-inhibitory effects of R. nervosus . This
contributes to expanding information on therapeutic qualities
of this plant species.

This study aims to evaluate the biological properties,
antioxidant potential and inhibitory effects on enzymes of
root extracts derived from R. nervosus plants cultivated in
Yemen. The results of this inquiry may aid in the
advancement of novel herbal-derived antibacterial and
therapeutic merchandise.

MATERIALS AND METHODS
Plant collection
Local farmers in the Ibb governorate (Republic of Yemen)
were collected the leaves of R. nervosus. We then naturally
dried the leaves at room temperature (25C) for 15 days.
We placed the voucher leaves in the Botany and
Microbiology Department’s herbarium at King Saud
University to confirm their botanical compositions.

Preparation of extract
Rumex nervosus leaves drying by an oven (Binder, Bohemia,
New York), the moisture content of dried and ground foliage
of plant was determined using an electric blender
(Manikandan et al. 2008). The ground material (50 g) was
combined with 96% ethanol (500 mL) and agitated on a
shaker for 4 days (Amer et al., 2015). The solution was

filtered through a Whatman filter paper to separate the
components.

Infrared spectroscopy
Infrared spectroscopy was utilized to determine the chemical
composition of R. nervosus leaf extract. This approach
reveals information on the functional groups and molecular
structures found in plant extracts. The infrared spectrum of
R. nervosus leaves has typical absorption bands for several
phytochemicals such as flavonoids, phenolic acids and
terpenoids (Al-Quraishy et al., 2020; Alshameri et al., 2022).

Evaluation of phenolic content
Total phenolic content (TPC) of R. nervosus leaf extract was
determined according to (Mwamatope et al., 2020). A total
of 300 µl sodium carbonate solution (20%) was added to
100 µl of the Folin–Ciocalteu reagent and 100 µl of the
extracted leaf. The sample was stored and incubated in dark
at an ambient temperature for 30 min and then measured
using a UV-visible spectrophotometer (SHIMADZU, UV-
1800) at a wavelength of 765 nm. The linear equation y =
0.0021x + 0.0021, which has an R2 value of 0.9995, was
used to determine the total phenol concentration in study
samples. The equation was developed from a standard curve
created using gallic acid with concentrations ranging from
25 to 400 g/mL. The total phenolic content was quantified in
(mg RN/g) of dry weight.

Evaluation of flavonoid content
In this study, methodology of (Mazandarani and Ghafourian
2017) was followed to determine the total flavonoid content
(TFC) in R. nervosus leaf extract. Equal amount of an aqueous
solution containing 2% AlCl3 with a 0.5-mL sample of
methanol was measured at a wavelength of 420 nm after
holding it at a temperature of 25C for 2 hours. TFC was
determined by creating a calibration curve using various
concentrations (50-400 g/mL) of the quercetin standard. Then,
computed TFC using the equation y = 0.0172x + 0.0507, which
yielded an R2 value of 0.995. The calculated TFC value is the
amount of quercetin in (mg RN/g) of dry weight.

DPPH radical scavenging assay
The DPPH assay is based on the principle of measuring
the ability of antioxidants to neutralize the free radicals, which
is quantified spectrophotometrically. A volume of 1 mL of R
nervosus leaf extract, with a concentration ranging from
31.25 to 1000 µg/mL, was combined with an equal amount
of DPPH in methanol, which had a concentration of 0.135
mM. The optical density of both the extract and the control
combination that consisting of 1 mL DPPH and 1 mL
methanol, was quantified at a wavelength of 517 nm.

ABTS radical scavenging activity
ABTS free radical scavenging activity was evaluated in
R. nervosus leavesusing the methodology described by
(Re et al. 1999). We dissolved the compound 2,22 -casino-
bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) in
distilled water at a concentration of 7 mM. We combined
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the ABTS stock solution with 2.45 mM potassium persulfate
as the final concentration. W e then maintained the
combination in the dark at room temperature for 14 hours
before using it. The ABTS+ solution was diluted with water
until it reached an absorbance of 0.70 (±0.02) at a
wavelength of 734 nm. The reaction involved using 0.07
mL of the extract and 3 mL of the ABTS radical. A
spectrophotometer quantified the absorbance at 734 nm
after an incubation period of 5-7 minutes.

Evaluation of tannin content
According to the method described by (Rodrigues et al.,
2007), the total tannin content (TTC) was determined. with
some slight modifications. This approach was used for the
leaf extract. An amount of 0.1 mL of the extracted samples
was added to a 2 mL Eppendorf tube already containing 1.5
ml of Milli-Q water and 0.1 ml of the Folin–Ciocalteu phenol
reagent and allowed to stand for eight minutes. Then 0.3 ml
of 30% of the solution of sodium carbonate were added to
neutralize the solution. The ingredients were then mixed
thoroughly and kept in a dark room at ambient temperature
for twenty minutes. The measured value for the wavelength
was 700 nm.

In vitro α-amylase inhibition assay
The experiment was conducted according to the standard
methodology with minor alterations (HANSAWASD, 2000).
A suspension of 2 mg of starch azure was prepared in 0.2
mL of Tris-HCl buffer (0.5M, pH 6.9) containing 0.01 M CaCl2
as the substrate solution. The ethanol extract of R. nervosus
was solved. Next, a 0.2 mL aliquot of R. nervosus extract
was introduced into the tube holding the substrate solution.
The reaction was conducted at a temperature of 37C for
10 minutes. The process was halted by introducing 0.5 mL
of 50% acetic acid into each tube. The combination
underwent centrifugation at a speed of 3000 rpm/ 5 minutes
at a temperature of 4C. The supernatant was analyzed for
absorbance at a wavelength of 595 nm.

In vitro α-glucosidase inhibition assay
The α-Glucosidase inhibitory activity was assessed using
the method published by (Ting et al., 2005), with minor
modifications. Briefly, mixtures of 112 μl of PBS, pH 6.8, 20
μl of enzyme solution (1 unit/mL) and 8 μl of the sample
dissolved in DMSO were put in a 96-well plate and incubated
at 37C for 15 mins. Afterward, 20 μl of pNPG (2.4 mmol/L)
was added to each well and the plate was incubated again
at 37C for 15 mins. The reaction was stopped by adding
80 μl of a 0.2 mol/L solution of Na2CO3. The absorbance
was measured at a wavelength of 405 nm. Instead of the
sample solution, 8 μl of DMSO was added to the control
and blank. Acarbose served as the positive control. The α-
glucosidase inhibitory activity was quantified as the IC50
value, representing the concentration required to block 50%
of the enzyme’s activity.

Statistical analysis
Three rounds of analysis were performed on the R. nervosus
samples. The data analysis was conducted using SPSS
statistical software v23. The mean ± SD was used to display
the data that was collected. To determine the level of
significance for the mean values at p<0.05, a One-Way
ANOVA was conducted (Quirk and Quirk 2012).

RESULTS AND DISCUSSION
Evaluation of bioactive phytochemical components
The study of phytochemicals has gained significant attention
due to their potential health benefits and roles in various
biological activities. Table 1 show bioactive phytochemical
components of R. nervosus extracts (RNE), which contained
14 elements; the main components in the chemical group:
were flavonoids, furanic aldehyde, pyranose, fatty acid,
diterpene polyunsaturated fatty, acids (PUFA),
monounsaturated fatty acids (MUFA), saturated fatty acids,
adipic acid ester, glycidyl ester and fatty acyl chlorides. The
infrared spectrum of R nervosus leaf extract using an FT-IR

Table 1: Infrared spectroscopy (IR) spectrum of R. nervosus by frequency range.

Absorption (cm-1) Peak details Transmittance (%) Functional group Compound class

3425.60 Medium, sharp 27.5 O-H stretching Alcohol
2925.24 Strong, broad 39 N-H stretching Amine salt
2853.73 Medium 51.5 C-H stretching Aldehyde
1613.73 Medium 38 C=C stretching Cyclic alkene
1525.52 Strong 52 N-O stretching Nitric compound
1445.71 Medium 47 C-H bending Alkane
1367.22 Medium 8.4 O-H bending Carboxylic acid
1284.79 Strong 45 C-N stretching Aromatic amine
1223.51 Medium 50 C-N stretching Amine
1106.65 Strong 49 C-O stretching Aliphatic ether
1033.70 Strong 48 S=O stretching Sulfoxide
870.22 Strong 75 C-H bending 1,2,4-trisubstituted
765.35 Strong 69 C-H bending 1,2,3-trisubstituted
591.37 Strong 74 C-H bending Monosubstituted
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spectrometer revealed the presence of various functional
groups (Table 1). The absorption bands at 3400 cm-1 and
1600 cm-1 indicated the presence of hydroxyl group (O-H),
amino group (N-H), aldehydes group (C-H), cyclic alkenes
group (C=C) groups and nitric compounds (N-O).

The obtained results showed that the methanolic
extracts, which had the highest amounts of TPC, TFC and
TTC. The methanolic extract had the greatest quantity of
TPC at 54.33±0.198 mg/g DW. (Table 2). The significant
abundance of phenolic compounds is remarkable due to
their well-known antioxidant qualities, which may aid in
alleviating oxidative stress (Abidi et al., 2020). The
methanolic extract’s high TPC indicates that it might serve
as a useful reservoir of antioxidants, perhaps leading to
health advantages such as anti-inflammatory and anti-
cancer properties (Pandey et al., 2020; Zheng et al., 2021).

The TFC was quantified as 21.51±0.155 mg/g DW after
doing TFC analysis. Flavonoids, a kind of phenolic
chemicals, are known for their ability to enhance
cardiovascular health and have anti-allergic and anti-viral
capabilities (Rakha et al., 2022). The considerably elevated
TFC suggests that the methanolic extract may have potential
benefits in improving general health (Kumar et al., 2023).
The presence of flavonoids also implies that the extract might
be potentially used in functional meals or dietary
supplements, according with (Qaid et al., 2023).

The TTC was measured to be 29.37±1.43 mg/g DW.
Tannins are polyphenolic chemicals recognized for their
astringent qualities and possible health advantages, such
as antibacterial activities and the capacity to bind and
precipitate proteins (Crozier et al., 2006; Soares et al., 2020).

Enzyme inhibitory activities of R. nervosus extracts were
tested against α-amylase and-glucosidase using a
microplate reader (Table 2). The extract has inhibitory
abilities on tested enzymes. Generally, the methanolic
extract exhibited strong activity. It was observed that certain
asphodeline and other plant extracts presented findings that
were comparable (Custódio et al., 2013; Nouri et al., 2014;
Sarikurkcu et al., 2015). The methanolic R. nervosus extract
showed inhibitory activity α-amylase (0.230±0.017), less
than α-glucosidase (1.467±0.076). These findings may
suggest that organic solvent could be suitable for enzyme
inhibitory assays. These results are consistent with the
results of a studies conducted by (Ahmad et al. 2021;
Collado-González et al., 2017; Mettupalayam and Packiam
2020).

Evaluation of radical scavenging activities
The percentage of DPPH radical scavenging activity
indicates the antioxidant capacity of the R nervous extracts
under investigation. The samples are better antioxidants if
they have higher percentages of DPPH radical scavenging
activity (Fig 1). This means that they can neutralize free
radicals and protect against oxidative stress. The data
obtained from DPPH tests enables us to comprehend the
R. nervous system’s radical-scavenging capacities. The
DPPH results provide a depiction of the antioxidant activity
of the samples at varying concentrations. This information
reveals their capacity to counteract oxidative stress and
safeguard cells from harm produced by free radicals. Our
results are consistent with those of studies (Alasmari,
2020; Delgado et al., 2011; Sarikaya and Gulcin, 2013).

Table 2: Phenolics, flavonoids, tannin and enzymes in R. nervosus leaves methanolic extract.

Phenoles Flavonoids Tannin α-amylase α-glucosidase

Rumex nervous 54.33±0.198 21.51±0.155 29.37±1.43 0.230±0.017 1.467±0.076

Data is represented as Mean ± SD.

Fig 1: Concentration levels of DPPH in R. nervosus leaf methanolic extract.
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ABTS radical scavenging activity was positively
correlated to the concentration of the methanolic extracts.
In this analysis, the concentrations highest samples showed
higher radical scavenging activity of ABTS than the lower
concentrations (Fig 2). The results ABTS indicate a dose-
dependent relationship between the concentration of R.
nervosus  extract and its antioxidant activity. As the
concentration increased, the percentage inhibition of free
radicals also increased, suggesting that the extract has
significant antioxidant potential. These results are in line
with what we already know about R. nervosus’s antioxidant
properties. Our results are consistent with the results of
the following studies (Berillo et al., 2022; Chelly et al., 2020;
Desta et al., 2016).

In vitro studies of E. exigua oocysts, Fig 3 and 4
showed the main effects of the sporulation and test groups
on the percentages of sporulation and inhibition. As the
incubation time increased, the sporulation percentage
decreased, while the inhibition percentage increased.
There was a significant difference in the sporulation
inhibition rate between the 72- and 96-hour exposures, as
the rate rose significantly with an increasing incubation
period up to 96 hours (p<0.05).

Moreover, the sporulation of E. exigua oocysts was
effectively reduced, especially at higher doses and longer
incubation times. The results showed a noteworthy increase
in oocyst inhibition, highlighting the possible application
of R. nervosus leaf extracts in the management of parasite

Fig 3: In-vitro effect of R. nervosus leaf extract at 72 h on sporulation and inhibition of E. exigua oocysts.

Fig 2: Concentration levels of ABTS in R. nervosus leaf extract.
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diseases. When evaluating E. exigua oocysts, this result
is in line with what is shown in this extract (Ismail et al.
2020; Murshed et al., 2024).

CONCLUSION
Our findings revealed that R. nervosus extracts have
potential health benefits. Antioxidant activity showed that
the extract could remove free radicals, highlighting its role
in protecting against oxidative stress. Overall, the results
show that R. nervosus could be a source of bioactive
compounds that can protect cells from damage and stop
enzymes from working. Future research should focus on
isolating specific phytochemicals responsible for these
activities and exploring their mechanisms of action.

ACKNOWLEDGEMENT
This work was supported by the Researchers Supporting
Project (RSPD2025R1082), at King Saud University (Riyadh,
Saudi Arabia).

Conflict of interest
The authors state that there are no conflicts of interest
related to the publication of this work.

REFERENCES
Abd El-Ghany, W.A. (2020). Coccidiosis: a parasitic disease of

significant importance in rabbits. World’s Veterinary Journal
(4): 499-507.

Abebe, E., Gugsa, G. (2018.) A review on poultry coccidiosis.
Abyssinia Journal of Science and Technology. 3(1): 1-12.

Abidi, J., Occhiuto, C., Cimino, F., et al. (2020). Phytochemical and
biological characterization of methanolic extracts from
Rumex algeriensis and Rumex tunetanus. Chemistry and
Biodiversity. 17(8): e200-0345.

Ahmad, P., Alvi, S.S., Iqbal, J., Khan, M.S. (2021). Identification
and evaluation of natural organosulfur compounds as
potential dual inhibitors of α-amylase and α-glucosidase
activity: An in-silico and in-vitro approach. Medicinal
Chemistry Research. 30: 2184-2202.

Al-Aklabi, A., Al-Khulaidi, A.W., Hussain, A., Al-Sagheer, N. (2016).
Main vegetation types and plant species diversity along
an altitudinal gradient of Al Baha region, Saudi Arabia.
Saudi Journal of Biological Sciences. 23(6): 687-697.

Al-Farhan, A.H., Asiri, K.A., Raju, M., Hichri, F., Abu-Melha, A.S.
(2022). In vitro antimicrobial activity of medicinal plant
Rumex Nervosus against selected oral pathogens. Journal
of Pharmacy and Bioallied Sciences. 14(Suppl 1): S753-
S756.

Al-Garadi, M.A., Qaid, M.M., Alqhtani, A.H., Pokoo-Aikins, A., Al-
Mufarrej, S.I. (2022). In vitro phytochemical analysis and
antibacterial and antifungal eff icacy assessment of
ethanolic and aqueous extracts of Rumex nervosus leaves
against selected bacteria and fungi. Veterinary World.
15(11): 27-25.

Al-Nowihi, M., Faisal, A., Al-Asbahi, G. (2020). Antimicrobial activity
of Rumex nervosus extract collected from Yemen against
local selected isolates pathogens. J. Microbiol Exp. 8(3):
93-96 .

Al-Quraishy, S., Qasem, M.A., Al-Shaebi, E.M., Murshed, M., Mares,
M.M., Dkhil, M.A. (2020). Rumex nervosus changed the
oxidative status of chicken caecum infected with Eimeria
tenella. Journal of King Saud University-Science. 32(3):
2207-2211.

Al Yahya, N.A., Alrumman, S.A., Moustafa, M.F. (2018). Phytochemicals
and antimicrobial activities of Rumex nervosus natural
populations grown in Sarawat Mountains, Kingdom of
Saudi Arabia. Arabian Journal for Science and Engineering.
43: 3465-3476.

Effect of Rumex nervosus Leaf Extract on Eimeria exigua

Fig 4: In vitro effect of R. nervosus leaf extract at 96 h on sporulation and inhibition of E. exigua oocysts.



 Volume  Issue 7

Alasmari, A. (2020). Phytomedicinal potential characterization of
medical plants (Rumex nervosus and Dodonaea viscose).
Journal of Biochemical Technology. 11(1-2020): 113-121.

Alshameri, A.W., Owais, M., Altaf, I., Farheen, S. (2022). Rumex
nervosus mediated green synthesis of silver nanoparticles
and evaluation of its in vitro antibacterial and cytotoxic
activity. Open Nano. 8: 100-084.

Álvarez-Martínez, F.J., Barrajón-Catalán, E., Micol, V. (2020). Tackling
antibiotic resistance with compounds of natural origin: A
comprehensive review. Biomedicines. 8(10): 405.

Amer, O.S., Dkhil, M.A., Hikal, W.M., Al-Quraishy, S. (2015).
Antioxidant and anti inflammatory activities of pomegranate
(Punica granatum) on Eimeria papillata induced infection
in mice. BioMed Research International. 2015(1): 219-
670.

Azzam, M.M., Qaid, M.M., Al-Mufarrej, S.I., Al-Garadi, M.A., Albaadani,
H.H., Alhidary, I.A. (2020). Rumex nervosus leaves meal
improves body weight gain, duodenal morphology, serum
thyroid hormones and cecal microflora of broiler chickens
during the starter period. Poultry Science. 99(11): 5572-
5581.

Bangoura, B., Daugschies, A . (2018). Eimeria. Parasitic Protozoa
of Farm Animals and Pets: pp. 55-101.

Bashar, A.M., Abdelnour, S.A., El-Darawany, A.A., Sheiha, A.M.
(2024). Dietary supplementation of microalgae and/or
nanominerals mitigate the negative effects of heat stress
in growing rabbits. Biological Trace Element Research.
202(8): 3639-3652.

Berillo, D., Kozhahmetova, M., Lebedeva, L. (2022). Overview of
the biological activity of anthraquinons and flavanoids of
the plant rumex species. Molecules. 27(4): 12-04.

Bharti, S., Wahane, V., Kumar, V. (2010). Protective effect of Calotropis
procera latex extracts on experimentally induced gastric
ulcers in rat. Journal of Ethnopharmacology. 127(2):440-
444.

Chapman, H.D. (2018), Applied strategies for the control of coccidiosis
in poultry. CABI Reviews. (2018): 1-11.

Chelly, M., Chelly, S., Ben Salah, H., et al. (2020). Characterization,
antioxidant and protective effects of edible Rumex roseus
on erythrocyte oxidative damage induced by methomyl.
Journal of Food Measurement and Characterization. 14:
229-243.

Collado-González, J., Grosso, C., Valentão, P., et al. (2017). Inhibition
of α-glucosidase and α-amylase by Spanish extra virgin
olive oils: The involvement of bioactive compounds other
than oleuropein and hydroxytyrosol. Food Chemistry. 235:
298-307.

Crozier, A., Jaganath, I.B., Clifford, M.N. (2006). Phenols, polyphenols
and tannins: An overview. Plant secondary metabolites:
Occurrence, structure and role in the human diet. 1: 1-25.

Custódio, L., Patarra, J., Alberício, F., Neng, N.R., Nogueira, J.M.F.,
Romano, A. (2013) Extracts from Quercus sp. acorns
exhibit in vitro neuroprotective features through inhibition
of cholinesterase and protection of the human dopaminergic
cell line SH-SY5Y from hydrogen peroxide-induced
cytotoxicity. Industrial crops and products. 45: 114-120.

Delgado Marin, L., Sanchez-Borzone, M., A Garcia, D. (2011).
Comparative antioxidant properties of some GABAergic
phenols and related compounds, determined for homogeneous
and membrane systems. Medicinal Chemistry. 7(4): 317-
324.

Desta, K.T., Lee, W.S., Lee, S.J., et al. (2016). Antioxidant activities
and liquid chromatography with electrospray ionization
tandem mass spectrometry characterization and quantification
of the polyphenolic contents of Rumex nervosus Vahl
leaves and stems. Journal of Separation Science. 39(8):
1433-1441.

Harshaw, D., Nahar, L., Vadla, B., Sarker, S.D. (2010). Bioactivity
of Rumex obtusifolius (Polygonaceae). Archives of Biological
Sciences. 62(2): 387-392.

Hansawasdi, C., Kawabata, J. and Kasai, T. (2000). α-Amylase
inhibitors from roselle (Hibiscus sabdariffa Linn.) tea. 
Bioscience, Biotechnology and Biochemistry. 64(5):
1041-1043.

Hussein, E.A., Al-Hazmi, A., Aqlan, E.A., Al-Ga’afary, S.M. (2008).
Antibacterial activity of root extracts of Rumex nervosus
growing in Yemen. Al-Azhar Bulletin of Science. 19(1-
C): 45-51.

Ibrahim, B.M., Awad, H.M., Shaffie, N.M., Youness, E.R., Mahmoud,
A.H. (2024). Rumex nervosus nanoparticles versus aqueous
extract: Introduction of novel immunomodulatory anti-
inflammatory nano-preparation for management of paw
oedema and gastritis in rats. Bulletin of the National
Research Centre. 48(1): 12.

Ismail, F.M., Nahar, L., Zhang, K.Y., Sarker, S.D. (2020). Antiparasitic
natural products. Annual Reports in Medicinal Chemistry.
55: 115-151.

Kahraman, S., Yanardag, R. (2012). Antioxidant activity of ethanolic
extract from Rumex cristatus DC. International Journal
of Electronics Mechanical and Mechatronics Engineering.
2(4): 319-326.

Khan, M.S.A., Ahmad, I. (2019). Herbal medicine: Current trends
and future prospects New look to phytomedicine. Elsevier.
p. 3-13.

Khan, R., Quradha, M.M., Saif, A.Q., Ali, J., Rauf, A., Khan, A. (2014).
Comparative urease enzyme inhibition profile of leaves
and stems of Rumex nervosus vahl. Natural Product
Research 28(24): 2355-2357.

Kumar, S., Chauhan, N., Tyagi, B., Yadav, P., Samanta, A.K., Tyagi,
A.K. (2023). Exploring bioactive compounds and antioxidant
properties of twenty-six Indian medicinal plant extracts:
A correlative analysis for potential therapeutic insights.
Food and Humanity, 1: 1670-1679.

Manikandan, P., Letchoumy, P.V., Gopalakrishnan, M., Nagini, S.
(2008). Evaluation of Azadirachta indica leaf fractions for
in vitro antioxidant potential and in vivo modulation of
biomarkers of chemoprevention in the hamster buccal
pouch carcinogenesis model. Food and Chemical Toxicology.
46(7): 2332-2343.

Mazandarani, M., Ghafourian, M. (2017). Influence of extraction
methods on total phenolic, flavonoids and antioxidant
activity of Thymus kotchyanus  L. extract in Semnan
Province, Iran. Trends in Phytochemical Research. 1(1):
33-38.

Effect of Rumex nervosus Leaf Extract on Eimeria exigua



                                                                                                                                                                                    Indian Journal of Animal Research8

Mettupalayam, P., Kilavan, K. (2020). In vitro enzyme inhibitory
and cytotoxic studies with Evolvulus alsinoides (Linn.)
Linn. Leaf extract: a plant from Ayurveda recognized
as Dasapushpam for the management of Alzheimer’s
disease and diabetes mellitus. BMC Complementary
Medicine and Therapies. 20: 1-12.

Murshed, M., Aljawdah, H., Mares, M., Al-Quraishy, S. (2024).
Bioactive synthesis of silver nanoparticles using leaf
extract of Indigofera oblongifolia; Characterization,
antimalaria activities. Arquivo Brasileiro de Medicina
Veterinária e Zootecnia. 76(03): e13-162.

Mwamatope, B., Tembo, D., Chikowe, I., Kampira, E., Nyirenda, C.
(2020). Total phenolic contents and antioxidant activity of
Senna singueana, Melia azedarach, Moringa oleifera and
Lannea discolor herbal plants. Scientific African. 9: e00-
481.

Nouri, L., Nafchi, A.M., Karim, A. (2014) Phytochemical, antioxidant,
antibacterial and α-amylase inhibitory properties of
different extracts from betel leaves. Industrial Crops and
Products. 62: 47-52.

Pandey, B.P., Adhikari, K., Pradhan, S.P., Shin, H.J., Lee, E.K., Jung,
H.J. (2020). In-vitro antioxidant, anti-cancer and anti-
inflammatory activities of selected medicinal plants from
western Nepal. Future Journal of Pharmaceutical Sciences.
6: 1-12.

Pilarczyk, B., Tomza-Marciniak, A., Pilarczyk, R., et al. (2020). The
effect of the sex, age and breed of farmed rabbits and
the choice of management system on the extensity and
intensity of Eimeria infection. Veterinary World. 13(8):
16-54.

Qaid, M.M., Al-Mufarrej, S.I., Al-Garadi, M.A., Al-Haidary, A.A. (2023).
Effects of Rumex nervosus leaf powder supplementation
on carcasses compositions, small intestine dimensions,
breasts color quality, economic feasibility in broiler chickens.
Poultry Science. 102(10): 102-943.

Quirk, T.J., Quirk, T.J. (2012). One-way analysis of variance (ANOVA).
Excel 2007 for Educational and Psychological Statistics:
A Guide to Solving Practical Problems. pp. 163-179.

Quradha, M.M., Khan, R., Rehman, M.U., Abohajeb, A. (2019).
Chemical composition and in vitro anticancer, antimicrobial
and antioxidant activities of essential oil and methanol
extract from Rumex nervosus. Natural Product Research.
33(17): 2554-2559.

Rakha, A., Umar, N., Rabail, R., et al. (2022). Anti-inflammatory
and anti-allergic potential of dietary flavonoids: A review.
Biomedicine and Pharmacotherapy. 156 :113-945.

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., Rice-
Evans, C. (1999). Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radical
Biology and Medicine. 26(9-10): 1231-1237.

Rodrigues, C.I., Marta, L., Maia, R., Miranda, M., Ribeirinho, M.,
Máguas, C. (2007). Application of solid-phase extraction
to brewed coffee caffeine and organic acid determination
by UV/HPLC. Journal of Food Composition and Analysis.
20(5): 440-448.

Sarikaya, S., Gulcin, I. (2013). Radical scavenging and antioxidant
capacity of serotonin. Current Bioactive Compounds.
9(2): 143-152.

Sarikurkcu, C., Ozer, M.S., Tepe, B., Dilek, E., Ceylan, O. (2015).
Phenolic composition, antioxidant and enzyme inhibitory
activities of acetone, methanol and water extracts of
Clinopodium vulgare L. subsp. vulgare L. Industrial crops
and products. 76: 961-966.

Savran, A., Zengin, G., Aktumsek, A., et al. (2016). Phenolic
compounds and biological effects of edible Rumex scutatus
and Pseudosempervivum sempervivum: Potential sources
of natural agents with health benefits. Food and Function.
7(7): 3252-3262.

Schneider, Y.K. (2021). Bacterial natural product drug discovery for
new antibiotics: Strategies for tackling the problem of
antibiotic resistance by efficient bioprospecting. Antibiotics.
10(7): 842.

Soares, S., Brandão, E., Guerreiro, C., Soares, S., Mateus, N., De,
Freitas, V. (2020). Tannins in food: Insights into the molecular
perception of astringency and bitter taste. Molecules.
25(11): 25-90.

Tawhid, M.H., Jannat, S., Dina, J.A., Tasnim, F., Aboni, A.M. (2023).
Evaluation of anti-oxidant, anti-nociceptive, CNS depressant
and antidiarrheal activities of Rorippa palustris leaf extract.
Journal of Pharmacognosy and Phytochemistry. 12(4):
09-14.

Tedila, H., Assefa, A. (2019). In vitro antibacterial activity of Rumex
nervosus and Clematis simensis plants against some
bacterial human pathogens. African Journal of Microbiology
Research. 13(1): 14-22.

Ting, L., ZHANG, X.D., SONG, Y.W., LIU, J.W. (2005). A microplate-
based screening method for alpha-glucosidase inhibitors.
Chinese Journal of Clinical Pharmacology and Therapeutics.
10(10): 11-28.

Tynybekov, B., Litvinenko, Y., Mukanova, G., et al. (2013). Phytochemical
investigation of the roots of Rumex confertus W. grown
in the culture.

Vasas, A., Orbán-Gyapai, O., Hohmann, J. (2015). The Genus
Rumex: Review of traditional uses, phytochemistry and
pharmacology. Journal of Ethnopharmacology. 175: 198-
228.

Effect of Rumex nervosus Leaf Extract on Eimeria exigua


