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Abstract We propose maslinic acid (2-«, 3-3-
dihydroxiolean-12-en-28-oic acid), found in the leaves and
fruit of the olive tree (Olea europaea L.), as a new natural
coccidiostatic product against Eimeria tenella. Its action in
infected animals has been compared with animals treated
with sodium salinomycin. The lesion index (LS), the oocyst
index (OI) and the anticoccidial index (ACI) were studied
with regard to the weight of the chicks. The ACI for
maslinic acid was 210.27 and for sodium salinomycin
173.09. Similarly, both LS and OI decreased in the groups
treated with maslinic acid. A considerable increase in
weight was found in the chicks treated with maslinic acid
compared with those in the control group. Histopatholog-
ical studies of the caecum at 120 h post-infection showed
that the infection rate decreased significantly in chicks
treated with maslinic acid.

Introduction

The group of diseases known as coccidiosis, which can
seriously affect farm animals, is considered to be one of the
parasitic infections responsible for the greatest economic
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impact on poultry production. The estimated annual cost
deriving directly or indirectly from diseases caused by
Eimeria species in the raising of fowls is estimated to be
some US $800 million (Williams 1998) including the
expense involved in medication, losses due to mortality,
and damages occasioned by the poor food conversion of the
surviving chicks. The use of coccidiostatic products is
widespread in the poultry industry. Their modes of action
vary but the most widely used are polyether ionophores,
including sulphanamides, pyrimidine derivatives, triazinet-
rions and benzenacetonitryls, all of which alter ion transport
and interrupt osmotic balance. Although these compounds
are effective, resistance to them appears to be growing
(Allen and Fetterer 2002; Chapman 1997; Williams 2002;
Abbas et al. 2008) and regulations are tightening in the EU
against the use of coccidiostatics and histomonstatics in food
because of the accumulation of residues building up during
their passage through the food chain, with possible eventual
risks to the consumer. These regulations establish maximum
levels of these substances in non-target feed (European
Council Regulation, EC 2009), thus obliging poultry farmers
to search for alternatives. Within this context new natural
compounds are being studied for the control of coccidiosis in
chicks (Allen and Fetterer 2002; Dalloul and Lillehoj 2005;
Jang et al. 2007; Naidoo et al. 2008), including those with
antioxidant properties, which, according to (Allen et al.
1998), reduce the infection rate of Eimeria tenella and lower
the degree of lipid peroxidation in the intestinal mucosa.
Maslinic acid (2-«, 3-3-dihydroxiolean-12-en-28-oic acid) is
a triterpenoid compound deriving from oleanolic acid (3-f3-
hydroxiolean-12-en-28-oic acid), which is present in numer-
ous plants (Numata et al. 1989; Hou et al. 2009; Lee et al.
2008; Cheng et al. 2008; Kim et al. 2008; Jovel et al. 2007),
but above all in considerable quantities in the leaves and fruit
of Olea europaea L. (Bianchi et al. 1994; Bianchi 2003). It
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is obtained from the solid waste of olive-oil production
through a profitable extraction technique that produces large
quantities of chemically pure acid (Parra et al. 2009).

The biological activity of maslinic acid has been
demonstrated in vitro to be antiviral (Xu et al. 1996),
antitumoral (Reyes et al. 2006; Juan et al. 2006; Juan et al.
2008) and antioxidant (Montilla et al. 2003).

We describe here the coccidiostatic activity of maslinic
acid in vivo against the experimental infection of Gallus
domesticus chicks with E. tenella.

Materials and methods
Maintenance of the chicks, infection and treatment

In our experimental design we followed the recommenda-
tions of the World Association for the Advancement of
Veterinary Parasitology (WAAVP) (Holdsworth et al.
2004). A total of 240 seven-day-old chicks, weighing 25 g,
were divided into four groups of 60 individuals. Each of these
groups was subdivided into six cages of ten individuals, with
the following treatments: uninfected-untreated (control);
infected-untreated; infected and treated with the coccidiostatic
sodium salinomycin (Sigma); and infected and treated with
maslinic acid. Both the maslinic acid group and the sodium
salinomycin group were supplied ad libitum with food mixed
with 90 ppm of maslinic acid or 60 ppm of sodium
salinomycin, beginning two days before infection. The
maslinic acid was purified from industrially produced olive
oil by extraction with solvents of medium polarity. This
extract was then subjected to physical procedures to separate
the fats and polar products, with some 95% richness in
maslinic acid, as described elsewhere (Parra et al. 2009). The
solid was ground and mixed at the desired proportion with
the feed meal for the chicks. The chicks, with ad libitum
access to water and feed, were penned under the proper
conditions for animal rearing in terms of illumination and
constant temperature. The food consumption of each cage
was recorded daily.

Ten days later the chicks were infected orally with a
suspension of 5x10% oocysts/chick from a stock of E.
tenella oocysts in PBS, provided by Professor JM Alunda
of the Department of Animal Health at the Faculty of
Veterinary Medicine of the Complutense University
(Madrid, Spain). Prior to infection, in order to activate
their virulence the initial stock of oocysts was used to infect
two lots of chicks. The faeces of these chicks were
collected and the new oocysts were purified, suspended in
2% potassium dichromate solution and kept in darkness at
4°C before sporulation for no more that 7 days. Sporulation
took place at 28°C according to the procedure described by
Long and Joyner (1976).
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Evaluation of the effectiveness of the treatment

To evaluate the effectiveness of the treatment we followed
the recommendations of Chapman (1998), who describes
histopathological observations and the different indices as
oocystindex (OI), body weight gain (BWG), relative weight
gain (RWGQ), lesion scores (LS), and anticoccidial index
(ACI). The faeces of the different groups were collected
everyday between days 5 and 10 after infection. The total
faecal material from each cage was collected, mixed with
20 ml of water, shacked, filtered and the oocysts counted in
a McMaster chamber according with the method described
by Long and Joyner (1976).

BWG and RWG (RWG=BWGx100/untreated group
BWG) were scrutinised by weighing the chicks 21 days
post-infection. For the lesion scores two chicks from each
cage were chosen at random and killed 10 days post-
infection. The end of the intestine and caecum of each bird
was examined and the gravity of the lesions was scored
between 0 and 4 following the method described by
Johnson and Reid (1970). Histopathological studies were
made with 2-um cuts made in the caecum of two randomly
chosen chicks per group killed 120 h post infection. The
caecum was removed and fixed in 10% formaldehyde in
cacodylate buffer, pH7.2, for 24 h before being embedded
in paraffin. The thin slices were stained with toluidine blue,
mounted and examined under a light microscope.

To analyse the effectiveness of the treatment at the end
of the experiment we calculated the anticoccidial index
using the formula: (ACI) = (%S + %RGW) — (IL + OI),
where ACI is the anticoccidial index, %S the percentage of
survival, %RGW the percentage of relative weight gain, IL
the lesion index and OI the oocyst index. We considered a
product to lack anticoccidian activity when values were
lower than 120, partially effective at values of 120-160,
and very effective at values higher than 160.

The data were statistically analysed by Bonferroni's test
to estimate the significance of the difference between
means. The results are indicated as mean values+SEM of
the different cages of the different groups at different times
during the experiments. All the experiments were repeated
three times. p<0.001 was considered to be extremely
significant. GraphPad Instat v 3.05 software was used for
the statistical test.

Results and discussion

We have looked into the effectiveness as a coccidiostatic drug
of maslinic acid (2-«, 3-f3-dihydroxiolean-12-en-28-oic acid),
a triterpenoid compound derived from oleanolic acid, which is
present in considerable proportions (38%) in the fruit and
leaves of O. europaea (Bianchi et al. 1994; Bianchi 2003).
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Table 1 Effects of maslinic acid and sodium salynomycin on lesion
scores, the oocyst index and the anticoccidial index at 10 days post-
infection in young chickens infected with E. tenella

Treatment LS Ol ACI

Untreated 2.08 40 151.52
Maslinic acid 1.16 7.96 210.27
Sodium salinomycin 1.5 19.01 173.09

The values found for the ACI (Table 1) imply that E.
tenella is highly susceptible to treatment with maslinic acid,
the release of oocysts being 80.1% lower in chicks treated
with maslinic acid than in the untreated controls and 55.3%
lower than in those treated with sodium salinomycin
(Fig. 1). The BWG value for the group treated with
maslinic acid was higher than that of both the control
group and the group treated with salinomycin, indicating
that maslinic acid not only diminished parasitism by E.
tenella but also enhanced weight-gain in the treated animals
(Fig. 2). Given that there was no significant difference in
the quantity of food consumed by the treated groups
(Table 2), it would seem reasonable to suppose that these
weight increases were due to the reduction in parasitisation
in the group treated with maslinic acid, without ruling out
some sort of complementary beneficial effect of the
maslinic acid itself.

Histological sections of the caeca of the infected and
untreated chicks revealed that the parasites were located in
the epithelial cells, inducing inflammation and haemor-
rhages as a consequence of ulcerous lesions, with the
appearance of pseudopolypoids and a loss of mucosecretory
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Fig. 1 Oocyst-excretion values per gram of faeces in each group of
chicks. The values correspond to days 6 to 10 post-infection. The bars
represent the mean standard deviation
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Fig. 2 Body weight gain of the different groups 21 days post-
infection. The bars represent the mean standard deviation. The
asterisks indicate the significant differences compared to untreated
(**p<0.01)

cells in the epithelium of the intestinal mucosa, lesions
characteristic of this disease. These lesions were less
evident in the treated groups, which is reflected in the LS
(Table 1).

Our group has recently observed that maslinic acid
affects the gliding of Toxoplasma gondii (unpublished
results), possibly by inhibiting the serin proteases of the
protozoan, a necessary mechanism for the entry of
tachyzoites into the cytoplasm of the host cell. This activity,
together with anti-inflammatory (Aladedunye et al. 2008)
and antioxidant properties (Montilla et al. 2003), could be
responsible for the anticoccidian properties observed in
vivo in this present work.

Maslinic acid, a natural product present in the leaves and
fruit of O. europaea, used in animal and human foodstuffs
for millennia, not only reduces parasitemia in G. domes-
ticus chicks infected with E. tenella but also increases the
weight of the treated birds.

In future studies we intend to investigate the mode of
action of this compound against parasites of the phylum
Apicomplexa.

Table 2 Feed uptake of the four groups. The results are shown as
mean values=SEM at the end of the experiment

Feed uptake (g)

Control (g) Untreated Maslinic acid Salinomycin

21,846+897 21,978+567 21,582+954 21,978+856
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