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Abstract
Introduction: The study aimed at evaluating oxidative stress using malondialdehyde (MDA), total antioxidant capacity
(TAC), total oxidant status (TOS), and oxidative stress index (OSI) markers in sheep naturally infected with Psoroptes ovis
(Acari). Material and Methods: The study was performed on 40 sheep divided into two equal groups: a healthy group (group I)
and a group naturally infected with Psoroptes ovis (group II). The sera were obtained by centrifuging blood samples collected
from the vena jugularis and serum MDA level changes in the samples were measured spectrophotometrically. Commercially
available test kits were used for the measurement of TAC and TOS levels. The percentage ratio of TOS level to TAC level was
accepted as OSI. Results: The serum malondialdehyde, total oxidant status levels, and oxidative stress index increased
significantly (P < 0.01) in group II, while the serum total antioxidant capacity levels decreased significantly (P < 0.01) in this
group. Negative correlations between total antioxidant capacity and total oxidant status and total antioxidant capacity and
malondialdehyde, and a positive correlation between total oxidant status and malondialdehyde were found in infected sheep.
Conclusion: The obtained results indicated the relationship between oxidant/antioxidant imbalance and Psoroptes ovis infection
in sheep. Their MDA, TAC, TOS, and OSI markers may be used to determine the oxidative stress in natural infections with
Psoroptes ovis.
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Introduction
The ectoparasitic mite Psoroptes ovis causes sheep
scab characterised by the rapid development of
cutaneous inflammation and crusted skin lesions (35).
The disease causes serious economic losses because of
weight loss, skin and wool damage, lower milk
production, worse pregnancy rate, weak lambs,
increased susceptibility to other disease, and death (32).
A variety of inflammatory cells are activated to
kill intra-cellular and extra-cellular parasites, inducing
various oxidant-generating enzymes (24). Humoral and
cellular immune response (IgG, IgM, and especially
IgE) have a pivotal role in the pathogenesis of mange.
Total leukocyte counts including T-lymphocyte,

neutrophils, eosinophils, and mast cells, and globulin
levels increase in animals with mange (19). Dermal
mast cells have increased by 96 h after mange infection
and Psoroptes ovis-specific IgE can be detected one
week after infection (36). Alterations in the free
radicals due to release of inflammatory cells may have
a role in the pathogenesis of mange (19).
Free radicals, such as reactive oxygen and
nitrogen species (ROS and RNS), are reactive chemical
products which may cause oxidative damage by
affecting macromolecules such as lipids, carbohydrates,
proteins, and nucleic acids (15). Antioxidants play
a role in preventing cell damage by reducing free
radicals (23). There is a balance between free oxygen
radicals and the preventive antioxidant system in
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healthy animals. The shift in the balance between free
radicals and antioxidant system in favour of oxidants is
known as oxidative stress. Oxidative stress is a part of
cellular and molecular tissue damage in various
diseases (15). Malondialdehyde (MDA), the last
product of lipid peroxidation, enzymatic antioxidants
such as superoxide dismutase, glutathione peroxidase,
and catalase, non-enzymatic antioxidants such as
reduced glutathione, vitamins C and E, β-carotene,
ceruloplasmin, and bilirubin, total antioxidant capacity
(TAC), and total oxidant status (TOS) are widely used
markers in the determination of oxidative stress in
ruminants (9). Additionally, it is reported that the
oxidative stress index (OSI) is a key factor for the
determination of oxidative stress (5).
The determination of oxidative stress has
become important recently in clinical practice as
a complementary component (8). The occurrence of
oxidative stress is proven under various conditions such
as sepsis, mastitis, enteritis, respiratory and joint
disease, endoparasitic diseases, transportation, and
pregnancy in ruminants, and oxidative stress should be
considered for the prognosis and effective treatment
procedure of these conditions (2, 4, 18, 21, 26, 30).
There are limited studies which evaluate oxidative
stress in sheep mange (13, 19). Moreover, no study was
found evaluating MDA, TAC, TOS, and OSI markers
together in sheep with psoroptic mange. For this reason
this study was aimed at evaluating oxidative stress
using MDA, TAC, TOS, and OSI markers in sheep
naturally infected with Psoroptes ovis (Acari).
Material and Methods
Animals and protocol design. This study was
carried out in April and May 2014, in Erzurum city in
eastern Anatolia, Turkey. The study material consisted
of 40 female sheep, between 1 and 3 years of age, of
Karayaka breed (Black Neck), housed in a semi-open
barn, periodically treated with endoparasitic agents, and
not exposed to excess insect stress (flies). The sheep
were divided into two equal groups: a healthy group of
infestation-free animals selected directly from the herd
(group I) and the psoroptic mange group naturally
infected with Psoroptes ovis, showing infection signs
for 10 ±2 days (group II). The clinical signs were
recorded in both groups. Diagnosis of the disease was
based on the clinical and parasitological examination
findings.
Parasitological examination. Samples were
obtained by skin scraping (scrapings varied from 1 to
2 cm2) until the skin was bleeding slightly, from
a minimum of three different areas, and the samples
were collected in dishes. The scraped samples were
treated with 5 mL of 10% potassium hydroxide
and two drops of this compound were put on a glass

slide and examined under a microscope at 10×
magnification (33).
Blood sampling. Blood samples of 10 mL were
taken into sterile tubes (BD Vacutainer System, BD
(Becton, Dickinson & Company, UK) from the vena
jugularis. Blood samples were kept at room
temperature for 30 min and then centrifuged at
3,000 rpm for 15 min and the serum was stored at
–20°C until analysis.
Biochemical assay. The changes in MDA levels in
serum samples were measured spectrophotometrically
by the method of Placer et al. (31) with modification.
Commercially available test kits (Rel Assay
Diagnostics, Turkey) were used for the measurement of
TAC levels. The TAC levels were measured by a novel
method based on automated colorimetric measurement
developed by Erel (16). In the method, the hydroxyl
radicals produced by the Fenton reaction react with
o-dianisidine, which is a colourless substrate, to
produce dianisyl radicals having bright yellowishbrown colour. After the serum sample was added, the
oxidative reactions were initiated by the hydroxyl
radicals in the reaction mixture and were suppressed by
the antioxidant components of the serum. The result of
this reaction was prevention of the colour change and
thus the serum TAC levels were measured
colourimetrically. The precision values of this assay are
lower than 3%. The analysis results are expressed as
mmol Trolox equivalents/L.
Commercially available test kits (Rel Assay
Diagnostics, Turkey) were used for the measurement of
TOS levels. The TOS levels were measured by a novel
method based on automated colorimetric measurement
developed by Erel (17). Oxidants in the sample convert
the ferrous ion–o-dianisidine complex to the ferric ion.
Glycerol molecules abundantly present in the reaction
mixture increase the oxidation reaction, and the ferric
ion produces a coloured complex with xylenol orange
in an acidic medium. The total amount of oxidant
molecules in the sample determines the colour density
and is measured spectrophotometrically. Hydrogen
peroxide is used for the assay calibration and the
analysis results are presented as µmol H2O2
equivalent/L.
The percentage ratio of TOS level to TAC level
was accepted as the OSI. The value of OSI was
calculated according to the following formula: OSI
(arbitrary unit) = TOS (μmol H2O2 equivalent/L)/TAC
(mmol Trolox equivalent/L) (25, 27).
Statistical analysis. The obtained data were tested
using Student’s t-test and the statistical package SPSS
for Windows (1999), version 10.0 (IBM, USA). Means
were considered significant at P < 0.05. Levene’s test
was used to test whether variances were homogenous.
The relationship between MDA, TAC, TOS, and OSI
in sheep infected with Psoroptes ovis was assessed by
Pearson’s correlation coefficient.
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Table 1. Serum levels of MDA, TAC, TOS, and OSI in healthy and psoroptic mange groups
Parameters

Healthy group (group I, n = 20)

Psoroptic mange group (group II, n = 20)

MDA (nmol/mL)

2.98 ±0.56

3.83 ±0.47**

TAC (mmol Trolox equivalent/L)

1.54 ±0.22

1.28 ±0.25**

TOS (μmol H2O2 equivalent/L)

1.89 ±0.27

2.20 ±0.19**

OSI (arbitrary unit)

1.25 ±0.24

1.80 ±0.46**

MDA – malondialdehyde, TA – total antioxidant capacity, TOS – total oxidant status, OSI – oxidative stress index. The data
are given as mean ±SE. ** P < 0.001 compared with healthy group
Table 2. Correlation between TAC, TOS, OSI, and MDA in psoroptic
mange group

TAC

TAC

TOS

OSI

MDA

–

−0.359

−0.932**
**

−0.006

TOS

−0.359

–

0.622

OSI

−0.932**

0.622**

–

0.305
0.06

MDA

−0.006

0.305

0.06

–

MDA – malondialdehyde, TA – total antioxidant capacity, TOS – total oxidant
status, OSI – oxidative stress index. ** P < 0.01

Results
Clinical signs. Clinical observations revealed
alopecia, crusting, intense pruritus, and dermatitis
occurring in different body areas in sheep of the
psoroptic mange group. The healthy group had good
body condition, appetite, and normal vital signs in the
clinical examination.
Parasitological findings. The microscopic
examination showed similar changes in all the diseased
sheep but their size depended on the intensity of the
Psoroptes ovis infection.
Biochemical findings. Serum MDA, TAC, TOS,
and OSI levels are given in Table 1. The serum MDA,
TOS, and OSI levels were significantly (P < 0.01)
increased in the psoroptic mange group compared to
the healthy group. However, the serum TAC level was
significantly (P < 0.01) decreased in infected animals
compared to uninfected specimens.
Correlation analysis results between TAC, TOS,
OSI, and MDA in the psoroptic mange group are given
in Table 2. A significantly (P < 0.01) negative
correlation between TAC and OSI, and a significantly
(P < 0.01) positive correlation between TOS and OSI
were determined.
Discussion
Oxidative stress caused by excess free radical
production has been determined to play a role in the
pathogenesis of a number of diseases in buffalo,
camels, sheep, and goats caused by sarcoptic mange
(11, 12, 19, 34), and in sheep infected with psoroptic
mange (14). No study relating the measurements of

serum MDA, TAC, TOS, and OSI levels in sheep
naturally infected with Psoroptes ovis was found. For
this reason, this study was conducted to measure serum
MDA, TAC, TOS, and OSI levels and evaluate the
oxidative stress status in sheep naturally infected with
Psoroptes ovis.
Lipids are the most susceptible substrates to free
radical damage. MDA is the last product of lipid
peroxidation, and is a key marker of oxidative stress
(9). Various studies have reported that lipid
peroxidation products, such as MDA, increase in
diseases such as theileriosis in sheep (4) and
coccidiosis (37) and transportation (2) in cattle. There
are also other studies related to the evaluation of
oxidative stress in ruminant skin diseases. A significant
increase in MDA levels was reported in animals
infected with sarcoptic mange: in camels (34), in sheep
(19), and in buffalo liver (12). Likewise, a noteworthy
rise in MDA level was observed in erythrocytes of
sheep with psoroptic mange (13). In the study
presented here, serum MDA levels significantly
increased in sheep naturally infected with Psoroptes
ovis compared to healthy sheep, which is consistent
with the reports cited above. These increases were
interpretable as a marker of excess free radical
production in sheep with psoroptic mange.
There are numerous different antioxidant
components in serum and tissues. Measurement of each
antioxidant component for the determination of
antioxidant status is difficult. In addition, because of
coadjuvancy
of
different
antioxidants,
the
determination of only one antioxidant cannot reflect
their combined effects in the correct way (7). Erel (16)
and Cao and Prior (7) have reported that TAC
measurement may provide enough data to indicate
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plasma oxidant/antioxidant balance. There are
numerous studies in which TAC was evaluated in
ruminants. It was reported that TAC level significantly
decreases in cows with bovine herpes virus-1 (14), foot
and mouth disease (38), reticuloperitonitis traumatica
(3), and coccidiosis (37). The serum TAC levels were
found to be lower in sheep naturally infected with pox
virus in the study of Kırmızıgul et al. (22) and in sheep
and lambs with cystic echinococcosis in the study of
Ozturk et al. (28). No study related to TAC levels in
ruminants with skin diseases was known to have been
carried out. In the present study, serum TAC level was
found to significantly decrease in sheep infected with
Psoroptes ovis compared to healthy sheep. As is
consistent with the above mentioned reports, this
condition was interpreted to mean that antioxidants
might have been used to scavenge free radicals
produced during infection. This interpretation was
supported by the negative correlation between TAC
and OSI in sheep infected with Psoroptes ovis.
Because one-by-one measurement of oxidant
molecules is impractical, use may be made of TOS
level as another parameter to evaluate oxidative stress
(16). Various studies have evaluated oxidative stress
status using TOS level and have found discrepant
results. Namely, Cingi et al. (10) reported that rectal
palpation in cows caused oxidative stress, and the
development of oxidative stress was attributed to
increased TOS level. Durgut et al. (14) determined that
there was no statistical significance to TOS level in
cows with bovine herpes virus-1 but there was
a negative correlation between TAC and TOS.
Bozukluhan et al. (6) found that TOS level
significantly increased in cows with foot and mouth
disease. Kırmızıgul et al. (22) found that TOS levels
were increased in sheep naturally infected with pox
virus. No study relating to TOS levels in skin diseases
of ruminants was found. In this study the serum TOS
level was determined to be significantly increased in
sheep infected with Psoroptes ovis compared to healthy
sheep. The increased TOS level was attributed to
excessive production of free radicals during the disease
course, indicating oxidative stress development. The
increased MDA, significant positive correlation
between TOS and OSI, and significant negative
correlation between TAC and OSI in sheep infected
with Psoroptes ovis support this result.
In extremely high ROS production, antioxidant
enzymes are also increased to protect the structural and
functional integrity of the body (36). For this reason,
testing TAC and TOS levels may be insufficient for the
full determination of oxidative stress in the body.
Oxidative stress index is a key factor for the
determination of oxidative stress (9). In determining the
oxidative stress in ruminants, various studies have been
carried out to evaluate OSI and contradictory data have
been obtained. Durgut et al. (14) stated that there was
no significant change in OSI in cows with bovine
herpes virus-1 compared to healthy cows. Hanedan

et al. (20) determined that serum OSI levels increased
in cattle with lung cystic echinococcosis compared to
healthy cattle. Abuelo et al. (1) reported that oxidative
stress occurred in cows after calving and OSI was
a valuable parameter to evaluate the stress. In this
study, serum OSI level significantly increased in sheep
infected with Psoroptes ovis compared to healthy sheep
and it was concluded that OSI is a valuable parameter
by which to evaluate oxidative stress. Such a conclusion
is consistent with the report of Abuelo et al. (1).
The obtained results indicate that there is
a possible relationship between oxidant/antioxidant
imbalance and Psoroptes ovis infestation in sheep.
Markers such as MDA, TAC, TOS, and OSI can be
used to determine the oxidative stress in sheep naturally
infected with Psoroptes ovis. Oxidative stress should
also be taken up in further studies with the aim of
establishing treatment procedure and facilitating
prognosis of this disease.
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