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Coccidiosis is a parasitic disease of wild and domestic animals caused by Eimeria spp. Currently, several
drugs are available for the control of this disease but resistance has been confirmed for all them. There is
an urgent need, therefore, for the identification of new compounds as alternative treatments to control
coccidiosis. Astragalus membranaceus proven to have anti-inflammatory, anti-oxidant, immunomodulat-
ing and anticancer activities. The present study was therefore undertaken to assess the in vivo and the
in vitro anticoccidial activity of Astragalus membranaceus root (AMR). Mice were divided into five groups,
with the first left non-infected and the second, third, fourth and fifth groups being infected with 1 � 103

sporulated oocysts of E. papillata. The third, fourth and fifth groups also received, respectively, an oral
dose of 10, 25 and 50 mg/kg AMR suspended in physiological saline daily for five consecutive days.
50 mg/kg, was the most effective dose, inducing a significant reduction in the number of oocysts output
in mice faeces (by about 57%), accompanied by a significant decrease in the number of parasitic stages in
jejunal sections. Moreover, the treatment with AMR increased the number of goblet cells and upregulated
the expression of its specific gene, MUC2. In addition, our study proved that AMR reduced oxidative dam-
age since levels of TBARS decreased (indicating reduced lipid peroxidation), levels of glutathione (GSH)
and glutathione peroxidase (GPX) increased, and the mRNA level of iNOS was downregulated. Also,
AMR treatment revealed anti-apoptotic activity as it was able to regulate the gene expression of Bcl-2
in the jejunum of E. papillata infected mice. Finally, the in vitro study revealed that AMR significantly
inhabited the oocyst sporulation in a dose dependent manner. Overall, therefore, our results indicate that
AMR exhibits significant in vivo and in vitro anticoccidial effects.
� 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 license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Eimeria are the most significant protozoan parasites of Phylum
Apicomplexa. They are considering the main risk to avian produc-
tion since they are the causative agent of avian coccidiosis (Blake
et al., 2015). The life cycle of the Eimeria involves two phases; an
exogenous phase in the environment and an endogenous phase
in the intestine of animals (Lal et al., 2010). Eimeria infect the
digestive tract of their hosts and immediately reproduce in their
cells (Mehlhorn, 2014). This causes malabsorption of nutrients,
diarrhoea, with or without blood, high feed conversion, weight
loss, increased susceptibility to bacterial pathogens and, in severe
cases, even death (Alnassan et al., 2014). Of the various Eimeria
species Eimeria papillata infects the mouse jejunum, causing exten-
sive damage to the intestinal mucosa, inflammation and oxidative
stress (Abdel-Latif et al., 2016). It therefore represents an appropri-
ate model to study animal coccidiosis (Dkhil, 2013).

Astragalus membranaceus, also known as Huang-qi, is a thera-
peutic herb utilised in numerous herbal formulations to treat a
wide variety of diseases and body disorders (Auyeung et al.,
2016). Many reports have portrayed the potential remedial values
of AMR, including anti-virus, anti-stress, anti-aging, anti-radiation,
anti-microbial and anti-cancer properties (Qiao et al., 2018). These
have been associated with its immunomodulating, anti-oxidative
and anti-inflammatory activities of AMR (Auyeung et al., 2016).
The dried roots of Astragalus membranaceus (AMR) contain numer-
ous bioactive compounds such as polysaccharides, astragalosides,
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flavonoids, saponins, trace elements and amino acids (Zhao et al.,
2012), and it is believed that these underpin the plant’s multifunc-
tional biological and pharmaceutical properties. In addition, the
root is additionally widely utilised as a health food supplement
around the world and in poultry industry (Abla et al., 2019).

Regarding its anticoccidial properties, there is only one prelim-
inary study on the effect of polysaccharide extracted from Astra-
galus membranaceus in conjunction with vaccine on the cellular
and humoural immunity of E. tenella infected chickens (Guo
et al., 2004).

The objective of the present study was therefore to investigate
the anticoccidial effect of Astragalus membranaceus on Eimeria
papillata-infected mice.
2. Material and methods

2.1. Astragalus membranaceus root

The dried powder of Astragalus membranaceus root, was pur-
chased from Xi’an Frankherb Biotech Co., Ltd. Shaanxi, China. The
root powder was suspended in physiological saline for medication
at different concentrations.

2.2. Mice

Male swiss albino mice weighing 22–25 g and aged 6–7 weeks
were used in the present study. The animals were kept in specific
pathogen-free conditions at a controlled temperature (21 �C) with
12 h of light and 12 h of dark, free access to water and a standard
mouse chow diet.
3. Parasite

The parasite used in the study was a laboratory strain of E. papil-
lata maintained by periodic passage through coccidian-free mice.
Unsporulated oocysts were obtained from the faeces of mice four
days after infection and allowed to sporulate in readiness for util-
isation in the experiment. The number of these newly acquired
oocysts was adjusted such that each mouse was given 1 � 103

sporulated oocysts in 100 ll of physiological saline by oral gavage.

3.1. Treatment schedule

Mice were divided into five groups with eight mice in each. The
first group was left uninfected and the remaining four groups were
infected with E. papillata. Of these, one hour after infection, the
third, fourth and fifth groups were treated with AMR at doses of
10, 25 and 50 mg/kg respectively; this AMR treatment was then
repeated daily for a further four days. Faeces were collected daily
and oocysts per gram (OPG) faeces were estimated using the
McMaster modified technique (Schito et al., 1996). On day 5 p.i.,
mice were euthanised and jejuna were collected for the subse-
quent studies.

3.2. Intestinal tissue preparations for biochemical and histological
studies

Pieces of the freshly expelled jejunum were homogenised as
described by Tsakiris et al. (2004). The obtained homogenate was
centrifuged for 10 min at 500g in a cooling centrifuge. The super-
natant was isolated for use in biochemical investigations. Other
different pieces of jejunum were quickly fixed in 10% formalin buf-
fered phosphate. This fixed tissue was then processed, sectioned
and stained with haematoxylin and eosin (H&E) in order to assess
the parasitic developmental stages in at least ten well-orientated
villous
3.3. Determination of oxidative stress markers

The activity of reduced glutathione (GSH) was estimated fol-
lowing the method described by Ellman (1959) with slight modifi-
cations, as previously reported by Sedlak and Lindsay (1968). This
method is based on the reduction of 5,50 dithiobis (2-nitrobenzoic
acid) (DTNB) with glutathione (GSH) to produce a yellow com-
pound, and its values were expressed as mg /g. Also, peroxidase
activity (GPX) (U/L) was quantified by spectrophotometry accord-
ing to the method suggested by Kar and Mishra (1976). The lipid
peroxidation activity was assayed according to the method
described by Ohkawa et al. (1979). This method measures the con-
centration of thiobarbituric acid reactive substances (TBARS).
3.4. Histochemistry

The prepared paraffin sections were deparaffinised with xylene
then rehydrated gradually in descending ethanol and finally with
water. Sections were then stained with Alcian blue (Sigma) to esti-
mate the goblet cells (Allen et al., 1986). The number of goblet cells
in the jejunum were counted for each animal in at least ten well-
orientated villous crypt units (VCUs). Results were given as the
mean number of goblet cells per ten villi.
3.5. Real-time polymerase chain reaction (RT-PCR)

Total RNA was extracted from pieces of the jejunum using the
SV Total RNA Isolation System (Promega, Madison, Wisconsin,
USA). Contaminating genomic DNA was digested with the DNA-
freeTM kit (Applied Biosystems, Darmstadt, Germany), before cDNA
was synthesised using a Reverse Transcription kit (Stratagene, La
Jolla, California, USA). RT-PCR was performed in a TaqMan7500
(Applied Biosystems) using the QuantiTectTM SYBR� Green PCR kit
(Qiagen, Hilden, Germany) as per the manufacturer’s instructions.
The specific primers for mucin 2 (MUC2), inducible nitric oxide
synthase (iNOs), Bcl2 and 18S rRNA were obtained from Qiagen.
The initial incubation was done at 50 �C for 2 min, followed by
Taq polymerase activation at 95 �C for 10 min, 1 cycle, followed
by 30 cycles at 95 �C for 10 min, 60 �C for 35 s and 72 �C for
30 s. All PCR reactions produced just a single yield of the expected
size, as recognised by melting point analysis and gel electrophore-
sis. Quantitative assessment was performed with TaqMan7500
system software (Applied Biosystems). Expression of genes was
normalised to that of 18S rRNA (Delic et al., 2010).
3.6. Effect of AMR on oocyst sporulation in vitro

An in vitro assay was carried out to estimate the effect of differ-
ent concentrations of AMR on the sporulation of E. papillata
oocysts. In this assay, we tested three concentrations (10, 25 and
50 mg)/ 5 ml potassium dichromate containing 1 � 104 oocysts.
Control untreated oocysts remained without treatment and each
test was performed in triplicate. All petri dishes used for these
treatments were incubated for between 48 h and 96 h at 25–
29 �C and 80% relative humidity. At the end of the incubation,
the oocysts were washed in distilled water as described by
Fatemi et al. (2015). The samples were then stored at 4 �C. The
sporulation time and the number of sporulated oocysts were
recorded and counted with a haemocytometer as done by Molan
et al. (2009).
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3.7. Statistical analysis

For the data analysis, one-way analysis of variance (ANOVA)
was performed using SPSS (version 20) statistical program (SPSS
Inc., Chicago, IL, USA). Analysis of differences between the means
of infected and non-infected controls or infected and infected
+AMR was performed using Dunnett’s t-test

4. Results

4.1. Effect of AMR suspension on faecal oocyst output

On day 5p.i. faecal oocyst output was at its peak of approxi-
mately 6875 ± 270.03 oocysts/g faeces in the infected group. The
oocyst output was significantly reduced in the groups treated with
AMR suspension by 5.8, 32.9 and 57%, respectively (Fig. 1). It was
thus quite evident that the 50 mg/kg dose was the most effective
at suppressing the faecal oocyst output. We therefore used only
the 50 mg/kg dose for the subsequent investigations.

4.2. Histological observations

Experimental infection of mice with E. papillata oocysts led to
the development of different parasite stages in the epithelial cells
of the jejunum (Fig. 2). The treatment with 50 mg/kg AMR signifi-
cantly reduced the number of parasitic stages per ten villous-crypt
units (P < 0.001) by 68.5% in comparison to the infected group
(Figs. 2, 3).

4.3. Effect of AMR on intestinal goblet cells and mRNA expression of
MUC2

Microscopic examination of jejuna Alcian blue stained sections
revealed that the E. papillata infection induced a significant reduc-
tion (P < 0.001) in the number of goblet cells in comparison to the
non-infected group (Figs. 4, 5). The jejuna of mice treated with
AMR, however, exhibited significantly higher numbers of goblet
cells in comparison to the infected group (Figs. 4, 5). Similarly, a
significant decrease (P < 0.001) in mRNA expression of MUC2
was observed in the infected group, but this returned close to nor-
mal (i.e. uninfected) levels in the treated group (Fig. 6).

4.4. Effect of AST on oxidative stress in intestines

Compared to the non-infected group, infection with E. papillata
induced a highly significant increase (p < 0.001) in TBARS and a sig-
Fig 1. Oocyst output profiles of mice infected with E. papillata and treated with
various doses of AMR on day 5 p.i. (All values presented as Mean ± SE). * Significant
difference as compared to control (P < 0.05).

Fig 2. Effect of AMR on E. papillata developmental stages in jejuna histological
sections stained with hematoxylin and eosin. A, uninfected control; B, infected
containing developmental stages (arrows); C, Infected treated with reduced
numbers of developmental stages. Scale-bar = 50 mm.
nificant decrease (P < 0.01, P < 0.001) in GSH and GPX in the
infected control group (Fig. 7A–C respectively). Treatment with a
dose of 50 mg/kg of AMR, however, induced a significant decrease



Fig 3. Effect of AMR induced reduction in the number of parasitic stages in mouse
jejunum infected with E. papillata. (All values presented as Mean ± SE). * Significant
difference as compared to control (P < 0.05).
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(P < 0.001) in TBARS and significant increases in GSH and GPX
(P < 0.05, P < 0.001, respectively) (Figs. 7A, 7B, 7C respectively).
Additionally, the mRNA level of iNOS was upregulated due to the
infection, while AMR significantly downregulated the expression
of this gene (Fig. 8).

4.5. Effect of AMR on mRNA expression of Bcl2

Our results further investigated the role of AMR in infection-
induced apoptosis, by evaluating the mRNA expression of Bcl-2.
It was found that this was significantly (p < 0.001) downregulated
after E. papillata infection but significantly increased again upon
treatment with AMR (Fig. 9).

4.6. Effect of AMR on oocyst sporulation in vitro

The in vitro study revealed that 89.6% of the oocysts were
sporulated in the control group while the sporulation rates in the
treated groups were 85.4, 73.3 and 58.3% for 10, 25 and 50 mg/
5 ml concentrations, respectively (Fig. 10). In other words, sporula-
tion was 34.9 and 18.1% less than with the control group with AMR
doses of 50 and 25 mg/ 5 ml, respectively. The difference in sporu-
lation rates at the 10 mg/5 ml dose was not significant, however.
Fig 4. Effect of AMR on the number of goblet cells in mouse jejunum infected
with E. papillata. A, uninfected control; B, infected containing developmental stages;
C, Infected treated with reduced numbers of goblet cells. Section stained with
Alcian blue. Scale-bar = 50 mm.
5. Discussion

Many publications have shown that AMR has promising efficacy
against a wide variety of diseases and body disorders (see Auyeung
et al., 2016). According to subchronic toxicity studies of Yu et al.
(2007) on AMR extract, the dose of 50 mg/kg is safe without any
distinct toxicity and side effects. As well as it found that a dose
of 50 mg/kg of Astragalus root extract can ameliorate the immunity
of mice treated with cyclophosphamide and exhibits considerable
activity against cholinesterase and oxidative stress of in a retro-
grade amnesia mice model (Qiu and Cheng, 2019; Abdelaziz
et al., 2019 respectively). In the present study, three doses of
AMR (10, 25 and 50 mg/kg) were screened as a target natural pro-
duct against coccidia. In terms of anticoccidial efficacy, this study
clearly demonstrated that of the all tested doses, 50 mg/kg was
the most effective.

In this work, we illustrated that AMR interfered with the life
cycle of E. papillata at all stages and also with oocyst sporulation,
evidenced by a significant reduction in both of the developmental
stages in mice jejuna and the faecal oocyst excretion, in addition to
significant suppression in the rates of oocyst sporulation in a dose



Fig 5. Effect of AMR induced reduction in the number of goblet cells in mouse
jejunum infected with E. papillata. (All values presented as Mean ± SE). * Significant
difference as compared to control (P < 0.05).

Fig 6. Effect of AMR on MUC2 gene expression in the jejunum of mice infected
with E. papillata. Expression of gene was normalised to that of 18S rRNA, and
relative expression is given as fold change compared to the non-infected control
mice. Values are given as means ± SE. Significant change at P < 0.001 relative to
infected mice.

Fig 7. Effect of AMR on the levels of oxidative stress parameters in mouse jejunum
infected with E. papillata. A – TBARS, B – GSH and C – GPX. (All values presented as
Mean ± SE). * Significant difference as compared to control (P < 0.05).

Fig 8. Effect of AMR on the mRNA level of iNOS in the jejunum of mice infected
with E. papillata. Expression of gene was normalised to that of 18S rRNA, and
relative expression is given as fold change compared to the non-infected control
mice. Values are given as means ± SE. Significant change at P < 0.001 relative to
infected mice.
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dependent manner. Guo et al. (2004) showed that the polysaccha-
ride extract from AMR possesses anticoccidial activity in chicken
coccidiosis, through elevation of Eimeria parasite-specific IgA that
can bind and damage sporozoites, impairing their extracellular dif-
ferentiation and thereby preventing parasite invasion and intracel-
lular development. This is similar to how Bidens pilosa acts against
coccidiosis in chickens by interfering with oocyst sporulation and
sporozoite invasion into cells (Yang et al., 2019). It also appears
that AMR suspension inhibits oocyst sporulation and this will
eventually curtail infection transmission, as suggested by Fatemi
et al. (2015) and Yang et al. (2019).

Goblet cells are known to act as a dynamic protective agent
against pathogenic bacteria, viruses and parasites by changing
the constituents of mucus and by increasing their number and size
(Khan, 2008). Cheng (1974) documented that the stem cells that
produce goblet cells are confined to the intestinal crypts. It is strik-
ing, therefore, that examination of jejunum histological sections
revealed that the parasitic stages of E. papillata were mostly found
in the crypt region, similar to the findings of Thagfan et al. (2017).
It seems that, during the course of infection, these stem cells are
parasitised and became unable to produce goblet cells, which could
explain the significant reduction in their numbers in the infected
group (Linh et al., 2009; Dkhil, 2013). This reduction was also asso-
ciated with downregulation of the MUC2 gene which is widely
expressed in goblet cells of the small intestine (Forder et al.,
2012). This gene is responsible for regulation of mucin secretion
and immune/inflammatory response against pathogen-induced
injury (Forder et al., 2012; Thagfan et al., 2017). In this study, we
have shown that AMR treatment interferes with the parasite devel-
opment and consequently increases both the number of goblet
cells and the expression of their specific gene, MUC2, to close to



Fig 9. Effect of AMR on the mRNA level of Bcl-2 in the jejunum of mice infected
with E. papillata. Expression of gene was normalised to that of 18S rRNA, and
relative expression is given as fold change compared to the non-infected control
mice. Values are given as means ± SE. Significant change at P < 0.001 relative to
infected mice.

Fig 10. In vitro effect of AMR on E. papillata oocyst sporulation. Dose of 10 mg have
no significant effect while the other doses showed significant effect. Values are
given as means ± SE.
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normal levels, as previously reported by Dkhil (2013) and Thagfan
et al. (2017) while using plant extracts as anticoccidial agents
against E. papillata infection.

E. papillata infection is also associated with oxidative damage
within infected mucosal tissue (Abdel-Latif et al., 2016). In the pre-
sent study, infection induced oxidative stress by increasing TBARS,
reducing GPX and GSH levels and upregulating the mRNA level of
iNOS. Similarly, Dkhil et al. (2011) found that the treatment with
garlic extract increased mRNA levels of iNOS and IFN-c, and IL-6
in E. papillata infection. Administration of AMR suspension reduced
the levels of oxidative enzymes and enhanced the antioxidant
capability of mice jejunum tissue through normalising the values
of GSH, GPX, TBARS and iNOs. This is in line with previous research
that has ascribed the pronounced potential effects of AMR to the
antioxidant (El-Shafei et al., 2013) and anti-inflammatory
(Auyeung et al., 2016) activities of the biologically active ingredi-
ents of this root.

Eimeria spp. have the ability to protect infected host cells from
apoptosis by promoting the expression of the anti-apoptotic pro-
tein Bcl-2 during the process of the maturation of schizonts at
the initial stage of the infection (Del Cacho et al., 2004) while, at
late stages of Eimeria infection, Bcl-2 expression was significantly
reduced to enable the escape of the merozoites (Jiao et al., 2018).
The present study revealed that on day 5 p.i., E. papillata infection
suppressed the expression of Bcl-2. Similarly, Jiao et al. (2018)
noticed that the expression of Bcl-2 protein in E. tenella parasitised
tissue was significantly reduced on day 5 p.i. Also, Metwaly et al.
(2014) found a significant increase in the total number of apoptotic
cells in mice jejuna infected with E. papillata on day 5 p.i. In our
study, we have shown that oral treatment with AMR suspension
remarkably increased the mRNA expression of Bcl-2 on day 5 p.i.,
an outcome similar to that reported by Jiao et al. (2018) when
using Artemisia annua extract as an anticoccidial agent, and a
potential explanation for the reduced oocyst output that we noted
on day 5 p.i.

In light of the above results, it can be concluded that AMR pos-
sesses notable anticoccidial activity, evidenced by the combination
of reduced oocyst output and sporulation, reduced numbers of the
parasite developmental stages in the jejunum, restoration of nor-
mal numbers of goblet cells and associated upregulation in the
expression of the MUC2 gene. In addition, AMR acts as an antioxi-
dant and an anti-apoptotic agent through normalising the values of
GSH, GPX, TBARS and regulating the mRNA expressions of iNOs and
Bcl-2 genes, which also interferes with the parasitic life cycle.
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