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We studied the toxic effects of a Sarcocystis hirsuta cyst extract fed to mice. Degenerative changes were found in mice gavage-fed fresh, frozen, 
and heat-treated S. hirsuta cyst extract. There were increases in the levels of serum aspartate aminotransferase and alanine aminotransferase 
as well as hepatic and brain malondialdehyde (MDA) levels along with concomitant decreases in catalase (CAT) and superoxide dismutase 
(SOD) activities of mice receiving fresh and frozen S. hirsuta extracts. Gavage feeding of heat-treated S. hirsuta cyst extract had no effects 
on liver enzymes or brain MDA content, but the liver MDA level did increase. Mice in the heat-treated cyst group showed reduced CAT and 
SOD activities as well as increased hepatic MDA levels compared to those in the control group. These results indicate that an extract of S. 
hirsuta cyst can induce oxidative stress and hepatic injury, even after heat treatment.
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Introduction

Sarcocystis is a parasitic protozoan, and most Sarcocystis 
species infect mammals, while others infect reptiles and birds. 
Sarcocystis hirsuta is a species that can infect cattle and produce 
macroscopic cysts, and it has been reported that most of the 
Sarcocystis cysts are not removed from carcasses during 
slaughterhouse processing [6]. Many studies have indicated a 
high prevalence of sarcocystosis in slaughtered bovines in Iran 
[15]. Cattle imported from India are being slaughtered in 
industrial centers in southeast Iran, and those cattle are reported 
to be highly infected with Sarcocystis spp., including S. hirsuta 
[19]. During the meat inspection process, not all Sarcocystis 
cysts are eliminated from carcasses; therefore, it is possible for 
consumers to ingest Sarcocystis cysts when eating raw, frozen, 
or cooked meat products.

The wall of a Sarcocystis cyst contains sarcocystin [4], a 
protein toxin, and, like other proteins, its biological activities 
can be affected by stomach enzymes and acid. Although toxins 
can be inactivated in the stomach, there are reports of acute 
poisoning following consumption of Sarcocystis-infected meat 
[2]. Various toxic effects of Sarcocystis cyst extracts have been 
investigated in laboratory animals following intraperitoneal or 

intravenous injections [1,13]. However, until now, there have 
been no reports on the potential toxic effects of a Sarcocystis 
cyst extract following oral administration in laboratory animals. 
Therefore, we undertook this investigation of the toxic effects 
of a Sarcocystis cyst extract following administration via oral 
intubation, which can mimic the clinical indications associated 
with feeding as closely as possible. To study the effect of heat 
treatment on Sarcocystis-infected meat toxicity in liver, we 
evaluated liver function biomarkers such as aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) as 
well, we assessed liver lipid peroxidation and liver 
histopathology. Brain lipid peroxidation was also assayed to 
determine the possible presence of brain toxicity. Furthermore, 
we measured the activities of endogenous antioxidant enzymes 
such as catalase (CAT) and superoxide dismutase (SOD) to 
investigate the effects on the antioxidant defense system.

Materials and Methods

Ethical statement
This study was conducted following the ethical protocols for 

use and care of laboratory animals, and guidelines of the Animal 
Ethics Committee of the University of Zabol, Zabol, Iran 
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Fig. 1. Serum superoxide dismutase (SOD; A) and catalase (CAT;
B) activity levels in mice treated with Sarcocystis hirsuta extracts
(mean ± SD, n = 8). *p ＜ 0.05, **p ＜ 0.01, and ***p ＜ 0.001
compared to the control group.

(approval No. 2B-1472).

Cyst extract
Macroscopic Sarcocystis cysts in muscle were separated 

from cattle carcasses in the slaughterhouse. Histopathological 
examination based on cyst wall diameter confirmed the 
presence of S. hirsuta. Cysts were detached by using a surgical 
blade under sterile conditions. Ten percent suspensions of the 
collected cysts were prepared by homogenizing one gram of the 
collected cysts in 9 mL of a saline solution. The suspension was 
centrifuged at 1,500 × g for 15 min at room temperature and 
then sterilized under UV-light for 3 h with rocking. The 
supernatant was decanted into 10 mL tubes and brought to a boil 
in a conical flask at 100°C for 7 h to create the heat-treated cyst 
extract. Non-infected meat extracts were prepared by using a 
method described previously [20]. Non infected meat was 
provided from an industrial Slaughterhouse center. The 
histopathological examination was done in order to observe any 
Sarcocystis infection. Final suspensions were stored in a 
refrigerator at 4oC until needed. Prior to conducting the 
experiments, a 1:10 dilution of the suspension in normal saline 
was prepared. 

Adult male mice (25–32 g), Mus musculus, were housed with 
free access to sterile tap water and a standard pellet diet. Mice 
were randomly divided into five experimental groups (n = 8): 
Group 1 (control group) received normal saline via an oral 
gavage technique. Group 2 received 0.5 mL/day of the 
non-infected meat extract by gavage. Group 3 received 
0.5 mL/day of freshly prepared S. hirsuta cyst extract by 
gavage. Group 4 received 0.5 mL/day of a previously frozen S. 
hirsuta cyst extract. Group 5 mice were given the extract of 
heat-treated meat infected with S. hirsuta cysts via gavage. All 
groups were gavaged once per day for 28 days. Extracts were 
administered by using a metal gavage needle (22-gauge, 2.54–
3.81 cm) fitted to a 2 mL syringe. At the end of the experiment, 
serum samples were collected by using a conventional method 
and were immediately frozen at −80oC until use. The daily 
dose levels were based on our pilot experiments and previous 
studies [14,18].

Serum CAT activity was determined by using the Zell-Bio kit 
(Zell-Bio, Germany) according to manufacturer’s protocol and 
is expressed as U/mL. Serum SOD activity was measured by 
using a colorimetric commercial kit (Zell-Bio) according to the 
manufacturer’s instructions. Liver and brain lipid peroxidation 
levels were measured based on the reaction between 
malondialdehyde (MDA) and 2-thiobarbituric acid (TBA) by 
using a spectrophotometer (UNICO UV/VIS-2100 
Spectrophotometer; United Products and Instruments, USA) 
[17]. ALT and AST liver enzymes were measured by using the 
Pars Azmoon reagent kits (Pars Azmoon, Iran), according to the 
instructions.

Histopathological examination
After euthanasia, liver specimens were sliced, preserved in 

formalin, and then processed for histopathological staining. 
After paraffin embedding and block making, serial sections 
were stained with H&E and examined under a light microscope 
at 40× magnification.

Statistical analysis
The collected data were analyzed by using IBM SPSS 

Statistics software (ver. 20.0; IBM, USA). Multiple comparisons 
were performed by performing ANOVA and Tukey tests. The 
significant difference level was set at p ＜ 0.05.

Results

Four weeks of oral gavage feeding of freshly prepared S. 
hirsuta extract significantly reduced serum CAT activity 
compared to that in the control group  (p ＜ 0.001) (panel B in 
Fig. 1). There was also a decrease in CAT activity in mice 
treated with the frozen S. hirsuta extract compared to that in the 
control group (p ＜ 0.001). Furthermore, serum SOD activities 
in mice receiving fresh or frozen extracts were significantly 
lower compared to that in the control mice (p ＜ 0.001 for both) 
(panel A in Fig. 1). Gavage administration of heat-treated S. 
hirsuta extract also resulted in reduced CAT and SOD activities 
when compared to those in the control group (p ＜ 0.01 and p ＜ 
0.05, respectively). As expected, serum CAT and SOD 
activities were not influenced by oral administration of 
non-infected meat extract (Fig. 1). Further analysis showed that 
CAT activity in mice receiving fresh S. hirsuta extract was 
lower than that in the group receiving heat-treated S. hirsuta 
extract (p ＜ 0.01); however, serum SOD activity did not 
significantly differ between the two groups (p ＞ 0.05). 
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Fig. 3. Serum levels of aspartate aminotransferase (AST; A) and 
alanine aminotransferase (ALT; B) in mice treated with 
Sarcocystis hirsuta extracts (mean ± SD, n = 8). *p ＜ 0.05 and 
**p ＜ 0.01 compared to the control group.

Fig. 4. Photomicrographs of liver sections of the experimental 
groups. (A) Normal histological appearance of liver tissue of a 
control mouse. (B) Non-infected extract treated mouse. (C) Fresh
extract treated mouse, sinusoidal distention. (D) Liver tissue of a 
mouse receiving frozen extract, sinusoidal distention. (E) Liver 
tissue of a mouse received heated extract. H&E stain. 40× (A–E).
White arrows, sinusoidal distention; black arrows, the  pointer of
the microscope.

Fig. 2. Malondialdehyde (MDA) levels in liver (A) and brain (B) of 
mice treated with Sarcocystis hirsuta extracts (mean ± SD, n = 
8). *p ＜ 0.05, **p ＜ 0.01, and ***p ＜ 0.001 compared to the 
control group.

Furthermore, there were no significant differences in serum 
SOD and CAT activities between the groups receiving fresh or 
frozen extracts (p ＞ 0.05) (Fig. 1).

Mice receiving fresh, frozen, and heat-treated S. hirsuta 
extracts had higher liver MDA levels than that in the control 
group (p ＜ 0.001, p ＜ 0.001, and p ＜ 0.05, respectively) 
(panel A in Fig. 2). However, brain MDA levels increased after 
treatment with fresh and frozen S. hirsuta extracts, but not the 
heated S. hirsuta extract, compared to that in the control group 
(p ＜ 0.05 and p ＜ 0.01, respectively) (panel B in Fig. 2). 
Therefore, oral gavage of heat-treated S. hirsuta extract 
significantly increased the liver (p ＜ 0.05), but not the brain (p 
＞ 0.05), MDA level. Oral administration of the non-infected S. 
hirsuta extract had no significant effects on the liver and brain 
MDA levels (p ＞ 0.05). There was also no significant 

difference in MDA levels between the group treated with fresh 
extract and the group treated with frozen extract (all p ＞ 0.05).

Our results showed that mice treated with fresh S. hirsuta cyst 
extract had higher levels of serum ALT and AST compared to 
those in the control group (p ＜ 0.05 and p ＜ 0.01, respectively) 
(Fig. 3). There were also significantly higher ALT and AST 
levels in mice receiving frozen extract compared to those in 
control mice (p ＜ 0.01). However, there was no significant 
difference in ALT and AST levels between mice receiving 
heated extracts and those in the control group (p ＞ 0.05) (Fig. 3).

The liver micrographs of the control group and the group 
receiving the non-infected extract showed normal morphologies 
with distinct hepatic cells, a central vein, and radiating 
sinusoids (panels A and B in Fig. 4). Conversely, liver sections 
of mice treated with fresh or frozen S. hirsuta extracts 
demonstrated patterns of cell necrosis (panel C in Fig. 4) and 
disarrangement of hepatic cords (panel D in Fig. 4). In liver 
micrographs of mice receiving heat-treated extract, 
histopathological changes were present, but less prominent 
(panel E in Fig. 4).

Discussion

Sarcocystis, one of the most prevalent parasites in muscles of 
livestock, is responsible for economic and public health 
burdens worldwide [5], and S. hirsuta is a mildly pathogenic 
coccidium of cattle [12]. Some studies have reported the 
presence of Sarcocystis spp. in hamburger meat in Iran; 
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however, there have been no reports of food poisoning caused 
by this parasite [7,8,16]. Sarcocystis protozoa can be inactivated 
by cooking or freezing meat products [11]. Regardless, 
Sarcocystis spp. are intracellular parasites with several antigens 
and toxic components that may remain intact after being 
exposed to extreme (high, low) temperatures; therefore, the aim 
of this study was to examine the possible toxic effects of frozen 
and heated Sarcocystis extracts in mice in order to elucidate the 
toxicity of S. hirsuta cysts when meat products are frozen or 
heated.

Lipid peroxidation is an important mechanism involved in 
cell membrane destruction and MDA is capable of interacting 
with amino groups of proteins to form inter-molecular 
cross-links that inactivate membrane-bound enzymes and 
receptors. The heat-treated S. hirsuta extract group had 
increased hepatic MDA levels, distortion of liver architecture, 
and an insignificant elevation in liver enzyme levels. These 
results suggest the potential of Sarcocystis cysts to induce lipid 
peroxidation and liver oxidative damage, probably due to 
heat-resistant constituents of the cysts.

In contrast to the liver lipid peroxidation results, the brain 
MDA levels were not influenced by administration of the 
heat-treated extract. A possible explanation for this difference is 
that the lipid-soluble constituents in the cyst extract, which are 
capable of penetrating the blood-brain barrier, have been 
destroyed by heating.

Liver damage elevates cytosolic enzyme levels, and it has 
been shown that elevation of liver enzymes can be a marker of 
liver toxicity [3]. Mice treated with frozen S. hirsuta extract had 
higher liver enzymes activities, suggesting that the freezing of 
Sarcocystis-infected meat does not necessarily reduce or 
eliminate the toxicity of the parasite. Our results support the 
results of a previous case study that showed elevation of serum 
liver enzyme levels in patients with acute muscular 
sarcocystosis [9].

Our study showed depression of enzymatic antioxidant status 
in the groups treated with fresh, frozen, and heat-treated S. 
hirsuta extracts. Superoxide radical anion, peroxy radicals, and 
hydrogen peroxide are known to induce liver fibrosis through 
the stimulation of type I procollagen synthesis and the 
generation of reactive aldehyde end-products [21]. Eukaryotic 
cells are endowed with a broad array of antioxidant defense 
mechanisms, including enzymatic antioxidant molecules (e.g., 
CAT, SOD), glutathione peroxidase, and low-molecular-weight 
scavengers such as beta-carotene, reduced glutathione (GSH), 
ascorbic acid, vitamin E, and melatonin [10]. In this investigation, 
the decreases in SOD and CAT might be due to excessive 
generation of reactive oxygen species or the decreased 
availability of NADPH, which is required to maintain 
antioxidant defense system. These results suggest that the S. 
hirsuta extracts contain oxidizing agents that inhibit the activity 
of these endogenous antioxidant enzymes.

Taken together, our study suggests that long-term consumption 
of Sarcocystis-infected meat induces oxidative stress and liver 
damage, regardless of whether the infected meat is raw or has 
been frozen or heat treated. However, the results do indicate that 
heating can partly diminish some aspects of the toxicity of S. 
hirsuta-infected meat.
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