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Coccidiosis has a considerable economic loss in the poultry industry where the parasite Eimeria affect the
animal survival. Natural products emerge as an essential and complementary means of controlling avian
coccidiosis, in addition to anticoccidial medications. The current study examined the antioxidant activity
of Rumex nervosus leaf extract (RE) in chickens infected with Eimeria tenella. RE was able to decrease the
induced weight loss due to infection. Also, RE significantly suppressed the oocysts released in chickens’
faeces. Moreover, the oxidative status due to E. tenella infection had been changed after treatment with
RE where the level of glutathione, malondialdehyde and nitric oxide was improved indicating the antiox-
idant activity of the R. nervosus. Our findings suggested that RE could boost the induced oxidative stress in
the caecum of infected birds, but studies are needed to determine the mechanism of RE action.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Coccidiosis is a dangerous parasitic disease of the intracellular
genus Eimeria protozoan parasite (Mehlhorn, 2014). This parasite
causes injuries to the intestinal tissue leading to a reduction in feed
intake and nutrient absorption, and also makes the host more sus-
ceptible to secondary bacterial infections (Morris et al. 2007).
Every year, coccidiosis causes a global loss in the poultry industry
of over US$ 2.4 billion (Quiroz-Castañeda and Dantán-González,
2015). Eimeria acervulina, E. tenella, E. maxima, and E. praecox are
often found in broiler chickens (Hamidinejat et al., 2010).

Intensive chicken farming is based on effective coccidiosis pro-
phylaxis with anticoccidial in-feed drugs. Because of the develop-
ment of drug resistance, overuse of coccidiostats becomes less
successful, resulting in poor weight gain and high feed intake
(Jenkins et al., 2010; Wajiha et al., 2018), and impairing economic
performance (Shirzad et al., 2011). The prophylactic use of anticoc-
cidium chemicals as feed additives in European countries has been
strictly limited since a short time (Muthamilselvan et al., 2015).
Researchers are seeking to find natural product with low coast
and reduced side effects against coccidiosis (Abbas et al., 2012;
Bozkurt et al., 2013; Quiroz-Castañeda and Dantán-González,
2015). Because of their presumed safe, nutritious and therapeutic
value, the use of natural antioxidants found in plant and other bio-
logical materials has recently attracted considerable interest (Al-
Naqeb, 2015; Alhotan and Abudabos, 2019). Here, we determined
the antioxidant activity of Rumex nervosus leaf extracts against coc-
cidiosis induced by E. tenella in chickens. R. nervosus belongs to the
Polygonaceae family and contains important anti-microbial phyto-
chemicals and a set of vitamins (Al Yahya et al., 2018).

2. Materials and methods

2.1. Plant collection and extraction

R. nervosus leaves were collected from Taif region, Saudi Arabia.
Leaves had been authenticated by a specialist in the herbarium at
King Saud University. The leaves had been air-dried and milled into
powder by the use of an electric blender then extracted in 70%
methanol (Amer et al., 2015). Filtration and evaporation of the fil-
trate had been achieved at 50 �C in a rotary evaporator (Chikoto
and Eloff, 2005). The extract was dissolved for treatment of chick-
ens using dimethyl sulfoxide (DMSO) (Al Yahya et al., 2018).
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Fig. 1. Infrared spectroscopy of Rumex nervosus leaf extracts.
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2.2. Infrared spectroscopy

A small quantity of the sample was mixed with an excess potas-
sium bromide powder (1: 99 wt%) and ground to form a uniform
consistency, then finely pulverized and pellet-forming die. The
instrument used for the study of Infrared (IR) is Thermo Scientific’s
optical spectrometer NICOLET 6700 Fourier-transform infrared
spectroscopy (FT-IR). Maximum absorption was reported in the
number of waves (cm-1). Spectra were registered at 25 �C from
4000 cm to 1 to 400 cm�1 at a resolution of 4 cm�1.

2.3. Birds and infection

A total of 70 broiler chicks (one-day-old) were purchased from a
local hatchery, Saudi Arabia. Upon arrival, they were placed imme-
diately in disinfected wire cages with identical size, and were
grown under healthy conditions up to 21 day of age. During the
experiment period, water and feed were provided ad libitum for
all of the chickens’ groups.

Unsporulated Oocysts of E. tenella were obtained from the fae-
ces of naturally infected chickens. These oocysts were sporulated
Table 1
IR spectrum of Rumex nervosus by frequency range.

Absorption (cm�1) Appearance Transmittance (%

3410.33 medium 22.44
1609.92 Strong 26.62
1526.88 Strong 45.57
1445.41 medium 32.07
1364.43 36.29
1285.28 strong 38.71
1210.93 Strong 32.61
1107.57 Strong 40.69
1032.89 strong 39.33
765.22 strong 60.81
using 2.5% potassium dichromate at 25 �C for 72 h (El-Ashram
and Suo, 2017). Sporulated oocysts were identified through the
morphological features and morphometry as described by
McDougald et al. (1997). Furthermore, the sporulated oocysts were
passaged from two to three times in healthy chickens to confirm of
the site of lesions. The experimental chickens were orally gavaged
with 1 mL distilled water containing 10,000 sporulated oocysts
(Lee et al., 2012).
2.4. Experimental design

The birds were allocated randomly into seven groups with
approximately homogeneous weights. The groups included an
uninfected-untreated control, uninfected-treated with RE
(200 mg kg�1 bird weight), infected-untreated control with
E. tenella (10,000 oocysts). The groups 4, 5, 6 were infected and
treated with RE 50, 100, 200 mg kg�1, respectively. The group 7
was infected and medicated with Amprolium (Veterinary and Agri-
cultural Products Company (VAPCO), Jordan) with rate of
25 mg kg�1 (EMEA, 2001). Administration of RE concentrations
) Group Compound class

NAH stretching aliphatic primary amine
C@C stretching a,b-unsaturated ketone
NAO stretching nitro compound
CAH bending alkane

CAO stretching aromatic ester
CAO stretching alkyl aryl ether
CAO stretching aliphatic ether
S@O stretching sulfoxide
CAH bending monosubstituted



Fig. 2. Change in weight of chicken during E. tenella infection and after treatment
with RE. Significance at p < 0.01 against control group (a) and against infected group
(b).

Fig. 3. Suppression of E. tenella oocysts in infected and infected-treated birds.
Significance at p < 0.01 against control group (a) and against infected group (b).
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and Amprolium began in 21 day of age after two hours of challenge
and lasted one time daily for 6 days.
2.4.1. Oocysts counting
In order to test efficacy of RE against E. tenella, the feces samples

were collected from the infected chickens’ groups on day 6 postin-
fection. The numbers of E. tenella oocysts per gram of feces were
counted using McMaster technique as described by Long et al.
(1976).
2.5. Body weight and feed intake

The experimental bird performance indicators included
increase in body weight (BWG) and consumption of feed (FI). All
birds were weighted individually and the BWG was calculated by
subtract the initial body weight (at day 0p.i.) from the final body
weight (at day 6p.i.). FI of each replicate was calculated by sub-
tracting the weight of the residual feed from the weight of the feed
offered at the start of the experiment at the end of the experiment.
2.6. Oxidative status in cecum

Parts of the chickens’ cecum were weighed and homogenized in
phosphate buffer immediately (10%, w/v) and centrifuged for
15 min at 5000�g, at 4 �C. The supernatant was used for different
biochemical estimates. The levels of glutathione (GSH) and malon-
dialdehyde (MDA) were measured by Ellman (1959) and Satoh
(1978), respectively. Nitric oxide levels (NO) were measured using
the method of Green et al. (1994).
Fig. 4. Change in chicken’s feed intake during E. tenella infection and after
treatment with RE. *Significance at p < 0.01 against infected group.
2.7. Statistical analysis

Statistical comparison between the groups studied was per-
formed using a one way variance analysis (ANOVA). Values were
presented as means ± SD. The statistical significance was set at
p � 0.05.
3. Results

The analysis of R. nervosus extract using FTIR showed major
bands at 3410.33 cm�1, 1609.92 cm�1, 1526.88 cm�1,
1445.41 cm�1, 1364.43 cm�1, 1285.28 cm�1, 1210.93 cm�1,
1107.57 cm�1, 1032.89 cm�1, 765.22 cm�1 (Fig. 1, table 1). NAH
stretching was indicated by band at 3410.33 Cm�1 confirming
the presence of aliphatic primary amine. The band at 1609.92
implied to C@C stretching for the presence of a, b-unsaturated
ketone. NAO stretching confirming the presence of nitro com-
pound at 1526.88 cm�1. Aromatic ester, alkyl aryl ether and alipha-
tic ether were present at 1285.28, 1210.93 and 1107.57 cm�1,
respectively. However, other compounds were present (Fig. 1,
Table 1).

The non-infected chickens have significant increase in
body weight when compared to the infected bird (Fig. 2).



Fig. 5. Induced changes in the level of glutathione (GSH), Nitric oxide (NO) and malondialdehyde (MDA) in chicken caecum infected with E. tenella and treated with RE.
Significance at p < 0.01 against control group (a) and against infected group (b).
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RE-challenged birds showed a significant increase in body weight
compared to infected birds, especially at the 200 mg/kg RE dose
showing more weight gain than the reference drug, Amprolium
(Fig. 2).

On day 6 post E. tenella infection, the feed intake was 438.40 ±
15.27 g/bird in the infected group (Fig. 3). This decrease was ame-
liorated by the treatment of animals with RE that reached 576.00
± 18.48 g/bird (Fig. 3). Birds treated with Amprolium also signifi-
cantly appeared with increased feed intake (Fig. 3).

Examination of chicken faeces at day 6 post-infection revealed
high number of oocysts output reaching 32.88 ± 2.46 � 106

(Fig. 4). This number of oocysts significantly decreased (p � 0.01)
after the treatment of the infected chickens with 200 mg/kg. RE
treated group appeared with better oocyst output inhibition than
Amprolium treated group (Fig. 4).

Eimeriosis induced by E. tenella disrupted the oxidative status in
chicken’s cecum. This was evidenced through the decrease in GSH
level in the caecum of infected chickens and the significant
increase of MDA and NO (Fig. 5). After treatment of chickens with
RE, the oxidative status in chicken’s cecum was changed where the
level of GSH was 5.26 ± 0.68 mmol/g. However, the level of MDA
and NO were reduced to 17.75 ± 2.54 U/g and 4.25 ± 0.55 mmol/L
, respectively (Fig. 5). Comparing the results of RE group to that
of the Amprolium treated group, it is clear that RE could act as
an antioxidant agent with similar effects to Amprolium.
4. Discussion

The development of effective agents against coccidiosis in ani-
mals is urgently needed. Today, the poultry industry is under
growing pressure to reduce the use of anticoccidium drugs and
the search for natural source active compounding that enhances
and the immune function of animals. This study aimed to evaluate
RE anticoccidial and antioxidant effect against E. tenella infection.

Animal infected with Eimeria show a significant weight loss and
feed intake (Mehlhorn, 2014), due to the poor nutrient absorption
and decreased immune response resulting in intestinal tissue dam-
age (Chapman, 2014). Our finding demonstrated this weight loss
following infection with E. tenella, as well as a decline in fee intake
in the infected birds. This increase in weight and feed consumption
could be due to the presence of certain essential compounds in the
plant extract used. Ott et al. (2018) reported that b.glucans
improved the decrease in weight and feed intake induced by
E. tenella.

The caecum is the site of E. tenella infection where the parasite
invades the caecum epithelium causing severe injuries (Mehlhorn,
2014). Different developmental stages were developed in caecum
epithelium and finally oocysts were developed and go out with
faeces.

In many diseases, including parasitic diseases, oxidative stress
arises when the equilibrium between the process of producing free
radicals and their removal process is disrupted, which is normally
balanced under natural conditions, when the production of free
radicals by antioxidant compounds is greater than the process of
removal (Georgieva et al., 2006). Consequently, the oxidative stress
occurs, the intestinal epithelial barrier and tight junctions are
destroyed throughout lipid peroxidation (increased malondialde-
hyde) and antioxidants insult, as a result, reduced feed intake, a
poor absorption of nutrients and the body weight gain decreased
of the infected birds (Naidoo et al., 2008). During coccidiosis nitric
oxide and other reactive oxygen species (ROS) are produced as an
immunological response to Eimeria sporozoites that invade the
intestinal epithelium causing inflammation. In spite, the nitric
oxide and other ROSs are considered toxic cellular products for
Eimerian sporozoites, but also have negative side effects on the
host if not protected by an antioxidant system (Halliwell and
Gutteridge, 1989).

Using antioxidants from natural sources could be beneficial for
the oxidative status of the cell in the caecum inducing oxidant/
antioxidant balance and lead to improvement in the oxidative
damage induced by E. tenella infection (Wang et al., 2018). In our
study, RE could significantly reduce the severity of the infection
in caecum by ameliorating the level of lipid peroxidation by neu-
tralizing reactive oxygen species (ROS). Like diclazoril, a common
anticoccidial drug, RE was able to limit the degree of lipid peroxi-
dation (Eraslan et al., 2004). The parasite induces a change in the
caecum oxidative status and cause inflammatory cellular effects
(Pourali et al., 2014). Similar results have been obtained in rodents
infected with Eimeria papillata due to the increased MDA and NO
levels. This may be caused by serious inflammatory response due
to oxidative damage caused by eimeriosis (Al-Quraishy et al. 2019).

Our results collectively show that RE is effective agent that
improved the change in weight and feed intake as well as it
reduced the number of E. tenella oocysts expelled in faeces. In addi-
tion, RE may control the oxidative status of the infected birds in the
caecum but studies are needed to know the mechanism of RE
action on both the host and the parasite.
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