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ABSTRACT

Background: The role of minerals on parasite persistency and the interaction between minerals
and animal responses to the parasite infestation is not clear. For these reasons, the present re-
search was aimed to compare copper, zinc and iron status in sheep with parasitic myocarditis and
healthy ones in 2009.

Methods: Blood and heart tissue samples were collected from 145 slaughtered sheep and
histopathological findings were confirmed as myocardial sarcocystosis in 27 cases. Serum and
tissue mineral level were determined by atomic absorption spectroscopy. Data were analyzed by
Sigmastat program, using One Way Analysis of Variance (ANOVA) at the level of P<0.05.
Results: Myocardial sarcocystosis significantly increase myocardial concentration of Cu, Zn and
Fe (P<0.05).

Conclusion: These findings may explain the role of copper, zinc and iron in parasite persistency
and may discuss the pathogenesis of sarcocystosis, which relates to evocate mentioned
micronutrient to cardiac muscle.
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Introduction

rcocystis species are intracellular
Sprotozoan parasites with a requisite
two-host life cycle based on a prey-
predator  (intermediate-definitive)  host
relationship (1). Sheep may be infected by
four species of Sarcocystis: Sarcocystis ten-
ella and S. arieticanis are pathogenic, S. gi-
gantea and S. medusiformis are non-patho-
genic. The two pathogenic species may
cause abortion or acute disease during the
early phase of infection and chronic disease
during the late phase of infection (2). Heart,
diaphragm and skeletal muscle are preferred
organs for Sarcocystis spp. (3). Cysts of S.
tenella may also be formed in cells of the
central nervous system or in Purkinje fibers
of the heart (2). Lesions in the vessels,
tongue, oesophagus, and heart are extensive
and may have caused clinical dysfunction,
including poor apprehension of food and
swallowing, or myocardial function (4, 5).
Diagnosis of disease or abortion caused by S.
tenella and S. arieticanis in sheep has been
complicated by the fact that used imm-
unological tests are only genus-specific and,
therefore, cannot differentiate infections
with pathogenic Sarcocystis species from
infections with non-pathogenic species. In
addition, most serological tests can only de-
tect antibodies during the late phase of infec-
tion. Thus far, diagnosis of infections with
pathogenic Sarcocystis species has been
based mainly on histological detection of
meronts at post mortems (2, 6).
Yarim et al. (2004) indicate that sarcocyst
contains immuno-suppressant substances
like corticosteroids (7). It is also noticed that
immunosuppression may be associated with
infectious agents such as bacteria, viruses,
protozoa, and helminthes but the pathogene-
sis of these has not been well-explained (8).
Infectious agents may have some politics to
survive well, protect themselves from
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phagocytosis and prepare benefit conditions
(like immunosuppression) to spread. It is
also showed that immunosuppression may
result from trace minerals deficiency (8).
Nutritional deficiencies can depress struc-
tural and metabolic functions of the cellular
and humoral immunity (9) and have a major
effect on normal development of the im-
mune system (10). To this reason, addition
of certain trace elements such as copper, iron,
zinc and selenium in animal feeds is neces-
sary for an adequate immunity (8). Iron is
necessary for immune cell proliferation and
copper is essential for oxidative pho-sph-
orylation (cytochrome-c oxidase), cell-ular
antioxidant activity (superoxide dismutase),
connective tissue formation (lysyl oxidase),
neurological functions (dopamine [-hyd-
roxylase) and iron metabolism (ceruloplas-
min), either. Zinc can alter immune response
to infections and its deficiency results in
lymphoid atrophy and decreased capacity of
T cells to respond to T dependent antigens
(11, 12).

It seems very important to know the miner-
als role on parasite persistency and the
interaction between minerals and animal re-
sponses to parasite infection, two major hy-
potheses that may explain the pathogenesis
of sarcocystosis. For these reasons, the pre-
sent study was designed to evaluate and
compare serum and myocardial tissue cop-
per, zinc and iron concentration in healthy
and sheep with myocardial sarcocystosis.

Materials and Methods

This study was conducted in Shahrekord
slaughterhouse situated in Chahar Mahal va
Bakhtiary Province (Iran) to determine the
presence of sheep myocardial sarcocystosis
from April to August 2009. During ante
mortem examination, age and geographical
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origin of animals were recorded and sheep
was given an identification number. Through
several visits, information was gathered and
145 sheep, aged between 2 to 3 years were
sampled. Ten ml of blood, 5 grams and one-
cm3 myocardial samples were taken for
micronutrient analysis and histopathological
examination, respectively.

For microscopic examination, labelled sam-
ples fixed in buffered neutral formalin 10%
and paraffin sections were cut at 5 um then
stained with haematoxylin and eosin (H&E).
Light microscopic examination was con-
firmed the presence of myocardial sarc-
ocystosis in 27 cases. Due to hist-opathology
findings, samples were divided in unaffected
(27 cases) and sar-cocystosis (27 cases)
groups and the concentration of copper, zinc
and iron in serum and myocardium were de-
termined by atomic absorption spe-ctroscopy
(10, 12). According to the geo-graphical ori-
gin of sampled sheep, the amounts of Cu, Zn
and Fe (Mean#SE) in the ration, on dry mat-
ter basis, were determined as 20.54+3.25,
16.16+2.05, and 181.33 £72.68 (mg/kg), re-
spectively. Finally, serum and tissue values
were reported by mean + SEM and data
were analyzed by Sigmastat program, using

One Way Analysis of Variance (ANOVA) at
the level of P<0.05.

Results

Some samples revealed macroscopic sarco-
cysts in the gross examination, whereas in
the microscopic examination, sarcocysts in
variable sizes and numbers were encoun-
tered from 27 out of the 145 sheep (Fig. 1).
These samples were taken from older ani-
mals, since the presence of the parasite in-
creased with age (13, 14). Sarcocysts of all
samples had similar morphologies and were
of thin-walled type. Most of the affected
samples were free from degenerative or in-
flammatory changes but in some samples,
the cysts were found in foci of tissue necro-
sis and appeared to be degenerated.

In some instances, lymphocytes, plasma
cells, macrophages, eosinophils, fibroblasts,
and fibrous connective tissue was diffusely
infiltrated between cardiac muscle.

As shown in Table 1 the myocardial con-
centration of Fe, Zn and Cu in sheep with
sarcocystosis was significantly higher than
unaffected ones (P<0.05). In contrast, serum
concentration of mentioned minerals was
lower than unaffected sheep except for cop-

per.

Fig. 1: Cross section of numerous sarcocysts (arrows) in cardiac muscle of sheep (Haematoxylin
and Eosin stain. Magnification, x40)
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Table 1: The comparison between serum and myocardium iron, copper and zinc concentration in
unaffected and sheep with myocardial sarcocystosis

Fe Cu Zn
Unaffected group 214+ 119 95.342.75 144.83+£3.12
Serum  Sheep with sarco- yeg 4, 5 7 114+73 139.5424.4
(ng/dl) cystosis
Unaftected group 4.56+0.2 2.61+0.09 2.86+0.1
Myocar-— qp ep with sarco-
dium p . 5.77*%+ 041 4.18*+0.13 3.4%4+0.27
Cystosis
(mg/kg)

* Significant to unaffected group (P<0.05)

Discussion

Sarcocystis has been described as a possible
cause of myocarditis when a cyst disinte-
grates and elicits a localized inflammatory
reaction (15). In such hosts, these parasites
are localized in the endothelia of blood ves-
sels as schizonts and in striated muscles as
cysts (7), which later was confirmed by the
present study. Relatively little has been
known about the immunity induced by infec-
tion with sarcocystis species; however, some
studies referred to the protective immunity
and cell-mediated mechanisms (16). The
adaptation of a parasite to its host is under
hormonal control (17). Some helminth spe-
cies seem to regulate the host immune re-
sponse through certain products which they
secrete to their surroundings (18). Thus, the
significance of steroid hormones originating
from Sarcocystis spp. on the immune regula-
tion of the host is another subject to be
investigated.  3b-Hydroxysteroid-dehydro-
genase (3b-HSD) was immuno-localised in
sarcocysts, indicating that Sarcocystis spp.
may produces steroids. As mentioned for
some other parasite species, self-originating
steroid hormones may have effects on the
development of Sarcocystis spp., as well as
on the immune interaction between these
species and their hosts (7).
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As regards to microscopic diagnosis, exam-
ined sheep showed high infection rate
(18.62%) of myocardial Sarcocystis. Imai et
al. stated that sarcocyst was detected in heart,
tongue, esophagus and diaphragm of sheep
with the incidence 0f42.2,26.9, 17.1 and 25
percent, respectively (19). Park et al. re-
ported that the infection rate of cattle heart
muscle to Sarcocystis were 43.6% (13).
Sayed et al. described that the highest Sarco-
cystis infection rate in cattle was detected in
ocular muscles (89%) followed by oes-
ophageal muscles (84%), cardiac muscles
(51%) and lastly diaphragmatic muscles
(30%) (20).

Based on our study, the concentration of Fe,
Cu and Zn in myocardial sarcocystosis were
higher than unaffected sheep. Ozen et al. re-
ported a decrease in Se and Zn and a rise in
Cu in sera of patients with hydatid disease
(21). The concentration of copper, zinc, co-
balt and iron in sheep sera that affected by
fertile hydatid cyst is higher than that sheep
with infertile cyst and copper and zinc in
liver of sheep with hydatidosis were lower
and higher than the healthy sheep, respec-
tively (22).

To this view, myocardial sarcocystosis may
alter micro mineral status and raise their
concentration in myocardium. As discussed
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previously, micronutrients have an important
role in immune functions, especially in cell-
mediated immunity, which has a major role
in killing virus, bacteria, protozoan infected
cells and tumour cells. Trace elements such
as Zn and Cu involved in antioxidant en-
zyme activity (zinc and/or copper superoxide
dismutase) and protect membranes from po-
tent oxidants such as free radicals (OH),
superoxide radicals (O;) and hydrogen
peroxide (H,O;) (9). Sarcocystosis may evo-
cate mentioned minerals to the myocardium
for diminishing host immune response at
first and for using them to protect itself
against phagocytosis in the second. In addi-
tion, sarcocysts steroid production may
introduce immunosuppression and alter the
host defence more and more. It seems that
the microelements such as Fe, Cu and Zn are
needed for survival and persistency of sarco-
cyst.
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