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Azadirachta indica (neem) is used in traditional medicine for its pharmacological properties. Here, we
investigated the effects of neem on the outcome of coccidiosis caused by Eimeria papillata in mice.
Coccidiosis was induced by infection of mice with 10° sporulated oocysts of E. papillata. The
methanolic extract of neem (Azadirachta indica) leaves (500 mg/kg) was used in vivo for its antioxidant
and hepatoprotective properties. Anticoccidial and anti-inflammatory activities of neem were
determined through oocyst output and liver histopathology, resSpectiver. The data showed that mice
infected with E. papillata revealed an output of about 6.5x10° oocysts per gram faeces on day 4
postinoculation (p.i.). This output is significantly decreased to about 2.7x10° oocysts in neem-treated
mice. Infection caused a marked liver injury as indicated by histopathological alterations as well as the
significant increase in liver aspartate aminotransferase (AST), alanine aminotransferase, alkaline
phosphatase (ALP) and bilurubin. Also, infection induced a significant increase in nitric oxide (NO) and
malondialdehyde (MAD) and a significant decrease in glutathione (GSH). The methanolic extract of A.
indica leaves showed a significant (P < 0.05) hepatoprotective potential by improving the above
mentioned parameters. Based on these results, it is concluded that A. indica leaves contain potent
antioxidant compounds that could offer protection against hepatotoxicity as well as ameliorate

preexisting liver damage and oxidative stress conditions.
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INTRODUCTION

Coccidiosis is a parasitic disease affecting a variety of
animals, especially mammals and birds. It is the most
important infectious poultry disease, as far as economy is
concerned. Coccidiosis is a global disease and costs on
yearly basis, for prophilaxis, as well as therapy exceed
two billion Euros (Dallouil and Lillehoj, 2006). The
protozoan parasite of the genus Eimeria multiplies in the
intestinal tract of poultry and produces tissue damage,
resulting in reduced growth and increased susceptibility
to pathogens (McDougald, 2003). The Eimerian parasites
are characterized by fast reproduction and by infecting
especially young animals (Gres et al., 2003; Pakandl,
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2005). Infection begins with oral uptake of Eimerian
oocysts, which release infectious sporozoites in the
intestine. These, in turn, invade mainly epithelial cells of
the intestine, in which they asexually multiply before
oocysts are finally discharged with the feces. In this
study, we used E. papillata which is a pathogenic species
of the distal small intestine (Danforth et al., 1992).

In recent years, evidence has accumulated for a role of
reactive oxygen metabolites as a mediator of tissue injury
in several animal models (Ozdemir et al., 2010; Fukui et
al., 2010; Sato et al, 2011). Although, the exact
mechanisms of free-radical generation are not yet
completely understood, it is postulated that the
antioxidant GSH depletion by the intestinal parasites may
be a trigger for the production of reactive oxygen species
(ROS) (Cam et al.,, 2008). Generation of ROS in the
cytoplasm of cells may increase the mitochondrial



hydrogen peroxide production and lipid peroxidation of
cell and mitochondrial membranes, resulting in loss of
membrane integrity and finally cell necrosis or apoptosis
(Valko et al., 2007).

Neem (Azadirachta indica) exhibits several activities
useful for agricultural and medicinal applications known in
India for thousands of years. The plant or its preparations
are extensively reported to exert insecticidal, pesticidal,
and agrochemical properties. Additionally, its constituents
are applied in alternative and modern medicine, for
example, for the treatment of diverse infectious,
metabolic, or cancer diseases (Brahmachari, 2004; Ezz-
Din et al., 2011).

Neem exhibit various multi-targeted biological activities,
such as antibacterial (Thakurta et al., 2007),
hypoglycemic (Murty et al., 1978), anti-ulcer (Pillai and
Santhakumari, 1984), antimalarial (MacKinnon et al.,
1997), anti-inflammatory (van der Nat et al.,, 1991),
chemopreventive (Tepsuwan et al, 2002), and
chemotherapeutic (Paliwal et al., 2005) properties. The
present study has been designed to investigate the
ameliorative effect of neem extract on the liver
histopathology and oxidative stress-mediated by E.
papillata.

MATERIALS AND METHODS
Animals

Swiss albino mice were bred under specified pathogen-free
conditions and fed a standard diet and water ad libitum. The
experiments were performed only with male mice at an age of 9-11
weeks and were approved by state authorities and followed Saudi
Arabian rules for animal protection.

Infection of mice

A self-healing strain of E. papillata was kindly provided by Prof.
Mehlhorn (Heinrich Heine University, Duesseldorf, Germany). We
maintained E. papillata in naturally infected mice, collected oocysts
from feces, surface-sterilized the oocysts with sodium hypochlorite
and washed at least four times with sterile saline before oral
inoculation as described by Schito et al. (1996). These oocysts
were used to inoculate mice by oral gavaging each mouse with 10°
sporulated oocysts of E. papillata suspended in 100 pl sterile saline.
Once every 24 h, fresh faecal pellets were collected and weighed
for each mouse and the bedding was changed to eliminate
reinfection. Oocyst output was measured as previously described
(Schito et al.,, 1996). Faecal pellets were suspended in 2.5%
(wt/vol) potassium dichromate and diluted in saturated sodium
chloride for oocyst flotation. Oocysts were counted in a McMaster
chamber and expressed as number of oocysts per gram of wet
faeces.

Preparation of the neem extract

Fresh matured leaves of Azadirachta indica (neem) tree were
collected in August from the garden in Obour City, Cairo, Egypt.
The samples were authenticated by Dr. Jacob Thomas (Botany
Department, College of Science, King Saud University, Saudi
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Arabia) on the basis of taxonomic characters and by direct
comparison with the herbarium specimens with a voucher number
(KSU-10804) available at the herbarium of Botany (King Saud
University, Saudi Arabia). A. indica (neem) leaf extract was
prepared according to the method described by Manikandan et al.
(2008) with some modification. Air-dried powder (100 g) of A. indica
leaves were extracted by percolation at room temperature with 70%
methanol and kept in refrigerator for 24 h. Leaves extract of A.
indica was concentrated under reduced pressure (bath temperature
50°C) and dried in a vacuum evaporator. The residue was
dissolved in distilled water, filtered and used in our experiment.

Experimental design

Four groups of mice with 6 animals per group were investigated.
The first group was inoculated only with sterile saline and served as
the control group. The second group was treated by oral gavage
with 100 pl neem extract (500 mg/Kg) daily for 4 days. The dose
and the route of injection were selected on the basis of the previous
studies (Bhanwra et al., 2000; Ezz-Din et al., 2011). The third and
fourth groups were infected with 10° sporulated oocysts of E.
papillata. The fourth group was also treated once daily with neem
extract for 4 days. Animals of all groups were cervically dislocated
on day 4 postinoculation (p.i.), and blood samples were collected.
Followed by standing for half an hour and then centrifuged at 500 g
for 15 min at 4°C to separate serum and stored at -70°C.

Histological analysis

Pieces of liver were freshly prepared, fixed in 10% neutral buffered
formalin, and then embedded in paraffin. Sections were cut and
then stained with hematoxylin and eosin. Histological damages
were scored according to Jamshidzadeh et al. (2008) as follows: 0:
absent; +: mild; ++; moderate; and +++: severe. Also, modified
guantitative Ishak scoring system (Ishak et al., 1995) were used;
scores of 1-3 were assigned to cases of minimal liver damage,
scores of 4-8 to mild, scores of 9-12 to moderate and scores of 13-
18 to severe cases.

Biochemical analysis

Parts of liver was weighed and homogenized immediately to give
50% (w/v) homogenate in ice-cold medium containing 50 mM Tris-
HCI and 300 mM sucrose (Tsakiris et al., 2004). The homogenate
was centrifuged at 500 g for 10 min at 4°C. The supernatant (10%)
was used for the various biochemical determinations.

Aminotransferases, alkaline phosphatase and bilirubin

Colorimetric determination of serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) was carried out.
Colorimetric determination of ALT or AST was estimated by
measuring the amount of pyruvate or oxaloacetate produced by
forming 2, 4-dinitrophenylhydrazine. The color was measured at
546 nm according to Reitman and Frankel (1957). Alkaline
phosphatase (ALP) was assayed in homogenate of liver using kits
provided from Biodiagnostic Co. (Giza, Egypt). Total bilirubin (TB)
of serum was also assayed according to the method of Schmidt and
Eisenburg (1975).

Glutathione

Glutathione (GSH) was determined chemically in liver homogenate
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Figure 1. Mice oocyst output on day 4 p.i. with 10% sporulated E. papillata oocysts.
Infected mice without neem treatment (- neem). Mice infected and treated with
neem (+ neem). All values are meanstSD. *P < 0.001 for - neem vs. + neem.

using Ellman's reagent (Ellman, 1959). The method is based on the
reduction of Ellman's reagent (5,5  dithiobis (2-nitrobenzoic acid)
with GSH to produce a yellow compound. The chromogen is directly
proportional to GSH concentration, and its absorbance was
measured at 405 nm.

Lipid peroxidation

Lipid peroxidation in liver homogenate were determined according
to the method of Ohkawa et al. (1979) by using 1 ml of
trichloroacetic acid 10% and 1 ml of thiobarbituric acid 0.67%,
followed by heating in a boiling water bath for 30 min. Thiobarbituric
acid reactive substances were determined by the absorbance at
535 nm and expressed as malondialdehyde (MDA) equivalents
formed.

Nitric oxide

The assay of nitric oxide (NO) in liver homogenate was done
according to the method of Berkels et al. (2004). In acid medium
and in the presence of nitrite, the formed nitrous acid diazotises
sulphanilamide, this is  coupled  with N-(1—naphthyl)
ethylenediamine. The resulting azo dye has a bright reddish—purple
color which was measured at 540 nm.

Statistical analysis

One-way ANOVA was carried out, and the statistical comparisons
among the groups were performed with Duncan's test using a
statistical package program (SPSS version 17.0). Al | p-values are

two-tailed and P<0.05 was considered as significant for all
statistical analysis in this study.

RESULTS

The effect of neem on the outcome of E. papillata
infections was investigated. During the first 3 days of
infection, there was no fecal output of oocysts. On day 4
postinoculation (p.i.), the output differed between neem-
treated and non-treated mice. In the latter, the number of
excreted oocysts reached approximately, 6.5x10° per
gram feces (Figure 1). However, the neem treatment
significantly lowered the shedding of oocysts to about
60% on day 4 postinoculation (p.i.) (Figure 1).
Concomitantly, the average weight of mice was
significantly decreases (P<0.01). This weight loss is
associated with watery mucoid diarrhea, and decreased
uptake of water and food. Neem was able to lower this
weight loss due to infection (Figure 2).

The liver has undergone some moderate pathological
changes such as inflammatory cellular infiltrations,
hepatocytic vacuolations, sinusoid dilatations, and
edematous hepatocytes in comparison to livers of
uninfected mice (Figure 3, Table 1). All these alterations
are considered in the histological liver activity index
according to Ishak, which can be categorized as 9-11 for
the liver at day 4 postinoculation (p.i.) in comparison to
the uninfected controls (Table 1). Histological analysis
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Figure 2. Neem improved weight loss due to infection with E. papillata. Values are means *
SD. Values are means + SD. a: Significant against non-infected (- Neem) group at P<0.05, b:
Significant against infected (- Neem) group at P<0.05.

revealed that mice infected with sporulated oocysts of E.
papillata suffered a moderate inflammatory injury in the
liver (Figure 3, Table 1). This injury was diminished when
mice were treated with neem (Figure 3, Table 1). Again,
neem extract treatment significantly lowered the E.
papillata-induced increase in ALT, AST, ALP and
bilirubin, respectively (Table 2).

E. papillata infections also induced a highly significant
increase in jejunum NO and MDA by approximately 78
and 43%, respectively (Table 3). Again, neem treatment
significantly lowered the E. papillata-induced increase in
both NO and MDA, respectively (Table 3). Finally, we
also determined GSH which is the major component
involved in the down regulation of substances formed
during oxidative stress (Figure 4). Conspicuously, GSH
was significantly down regulated by E. papillata
infections, and these effects were largely prevented by
neem treatment (Figure 4).

DISCUSSION

The
connected with the

liver is the first-pass organ which is directly
intestine by the portal vein. E.

papillata parasites infect the distal small intestine and
normally do not invade the liver, though different
lymphoid organs such as spleen and lymph nodes have
been described to be infected by E. coecicola parasites
(Renaux et al, 2001). Our data indicate that the
inflammation of the intestine induced by E. papillata is
also associated with an inflammatory response of the
liver without being directly affected by the parasite (Dkhil
et al., 2011). Moreover, our study shows that neem does
not only target Eimeria parasites in hosts, but also
exhibits anti-inflammatory activity thus protecting host
tissues. Indeed, E. papillata infections cause an
inflammatory response in the hepatic tissue of mice due
to the abundance of leucocytes, in general, and
lymphocytes, in particular as a prominent response of
body tissues facing any injurious impacts. Also, the
cytoplasmic vacuolation which is mainly a consequence
of considerable disturbances in lipid inclusions and fat
metabolism occurring under pathological cases were
prominent in hapatocytes. Also, there was a significant
increase activity of ALT, AST and ALP. Previous studies
have shown increased activities of ALT, AST and ALP
(San Martin-Nun“ez et al., 1988) due to cholestasis in
Rabbits suffering from hepatic coccidiosis (Joyner et al.,
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Figure 3. Sections of mouse liver infected with E. papillata on day 4 p.i. (A) Non-infected jejunum with normal architecture. (B) Non-
infected treated mouse liver with normal structure. (C) Infected liver with prominent inflammation (arrow) and hepatocytic vacuolation.
(D) Infected treated mouse with less lesion. Sections are stained with hematoxylin and eosin. Bar=25 ym.

1983; Hein and Lammler 1978). Neem significantly
diminishes liver injury and inflammation and therefore can
be considered as a hepatoprotective agent.

The initial hope underlying the present experiment was
to find a natural product with anticoccidial properties that
could be used as a feed additive with minimal processing.

Neem exhibits anticoccidial activity, evidenced as a
significant lowering in the output of E. papillata oocysts
with the faeces of the infected mice. This diminished
output reflects that neem impairs the development of
parasites in the host before the relatively inert oocysts
are formed and finally released. The fact that neem

possesses anticoccidial activity has also been reported in
chicken coccidiosis (Toula et al., 2010).

Manikandan et al. (2008) reported that one of the major
protective functions of neem is to decrease the oxidative
damage in mice. Indeed, neem prevents the infection
induced loss of GSH and increased production of NO and
MDA. These components are normally lowered during
oxidative damage induced by infection as it has been
also described by Georgieva et al. (2006) who showed an
increase in MDA levels of E. tenella-induced coccidiosis.
In accordance, Balasenthil et al. (1999) have found that
neem significantly decreased lipid peroxidation and
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Figure 4. Effect of neem on the level of glutathione in liver of mice infected with E. papillata.
Values are means = SD. Values are means + SD. a: Significant against non-infected (- Neem)
group at P<0.05, b: Significant against infected (- Neem) group at P<0.05.

Table 1. Histopathological evaluations of the effects of neem extract on the induction of liver damage induced by E. papillata.

Microscopic observation

Hyperplasia

Histologic : ; i i i

Grou

P alactivity  "EEOESST Hemorthage (AR te  pnocytes  ©f Kupffer SOy
index ? pop ymphocy cells 9

Non-infected (- Neem) 2 + 0 0 0 0 0

- +

Non-infected (+ Neem) 3 + 0 0 0 + 0

Infected (- Neem) 9-11 -+ + — e ++ ++

Infected (+ Neem) 4.5 + + + ++ + +

% Modified according to Ishak et al. (1995). Score: 1-3, minimal; 4-8, mild; 9-12, moderate; 13-18, severe. 0: absent; +: mild; ++; moderate; and +++:

severe.

increased GSH.

Neem leaf consists of several valuable components
and can be divided into two major classes: isoprenoids
that include terpenoids containing limonoids, azadirone
and its derivatives, c-secomeliacins, for example,
azadirachtin and nonisoprenoids, which includes amino

acids, polysaccharides,  sulphurous  compounds,
polyphenolics like flavonoids and their glycosides for
example, quercetin, dihydrochalcone, coumarin and
tannins, aliphatic compounds (Bandyopadhyay et al.,
2002). A portion of these compounds present in the neem
leaf can be extracted with water (Sarkar et al., 2007). The
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Table 2. Effect of neem extract on serum ALT, AST, ALP and total bilirubin in mice infected

with E. papillata.

Group ALT (IU/ml) AST (lU/ml) ALP (IU/ml) Bilirubin (mg/dl)
Non-infected (-Neem) 43+2.3 39.5+3.2 81+4.3 34101
Non-infected (+Neem) 37.5+2.8 375+3.2 74.2+3.2 3.2+0.17
Infected (- Neem) 48 £ 2.5% 48 +2.6° 104 + 3.6% 4.8+0.16%
Infected (+ Neem) 442+21° 405+34° 73.3+29% 3.2+02°

Values are means+SD (n=6). a: Significant change at P < 0.05 with respect to non-infected mice, b:
Significant change at P<0.05 with respect to infected mice.

Table 3. Effect of Neem extract on the level of nitric oxide and malondialdehyde in

livers of infected mice with E. papillata.

Group Nitric oxide (hmol/g) Malondialdehyde (umol/g)
Non-infected (- Neem) 0.60 £ 0.02 0.30 £0.01
Non-infected (+ Neem) 0.71+ 0.02° 0.29 + 0.02%
Infected (- Neem) 1.07 £ 0.02° 0.43 + 0.05%
Infected (+ Neem) 0.67 + 0.02%° 0.36 + 0.02%

Values are means + SD. a: Significant against non-infected (- Neem) group at P < 0.05, b:
Significant against infected (- Neem) group at P < 0.01.

antioxidative property of neem has been previously
ascribed mainly to its major chemical component,
Azadirachitin (Manikandan et al., 2008). Azadirachitin in
neem leaves has been reported to produce anti-
protozoan, anti-bacterial and antifungal effects (Morgan,
2009).

The present data indicate that neem exhibits a
significant anticoccidial activity and, coincidently, a
significant improvement in histopathological picture of the
liver as well as the antioxidant status and protect the host
tissue from injuries induced by parasites.
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