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Assessment of Oxidative Status in Foot Diseases of Sheep

Ibrahim Yurdakul' & Betul Apaydin Yildirim?

ABSTRACT

Background: Oxidative stress plays an important role in the etiology and/or progression of various diseases in the live-
stock. The aim of this study was to investigate the relationship between foot diseases and oxidant and antioxidant levels,
determining catalase (CAT) and glutathione peroxidase (GSH-Px) activities and malondialdehyde (MDA), nitric oxide
(NO) and glutathione (GSH) concentrations in sheep with foot disease such as interdigital dermatitis, footrot and interdigital
pouch infection (biflex canal inflammation).

Materials, Methods & Results: In the study, a total of 70 sheep aged between 1 and 3, 20 sheep with interdigital dermati-
tis, 20 with foot-rot, 10 with interdigital pouch inflammation and 20 clinically healthy Akkaraman sheep, were used. The
blood samples collected from the V. Jugularis of the sheep were centrifuged and their serums were obtained. MDA and
NO levels of the sheep with interdigital dermatitis, footrot and interdigital pouch infection were found to be significantly
higher than those of animals in the control group (P < 0.001). CAT activity was determined to be significantly lower in all
diseased animals than in the animals in the control group (P < 0.001). GSH-Px and GSH levels were significantly lower
in the animals with interdigital dermatitis than in the control group (respectively P < 0.001, P < 0.05).

Discussion: Oxidative stress regulates the metabolic activity of some organs and plays an important role in productivity in
livestock. The oxidative stress is reported that caused by the increase in the production of excessive free radicals resulting
from the exposure of animals to various stress factors and by the weakening of the antioxidant defense has an important
role in the pathogenesis of numerous diseases such as foot diseases. In the presence of various stress factors, the level of
malondialdehyde (MDA) and nitric oxide (NO) increases. MDA is determine the degree of cellular damage in tissues. Nitric
oxide is produced in large quantities by macrophages in case of bacterial infections and exhibits antibacterial properties
against pathogenic microorganisms. For this reason, NO is very high levels in inflammatory diseases. Catalase (CAT),
glutathione peroxidase (GSH-Px), and glutathione (GSH) is some of the important antioxidants and play an important
role in the oxidative defense of tissues. In this study, the increase in serum MDA and NO levels was mostly found in
interdigital dermatitis cases, then in footrot cases and finally in interdigital pouch infection cases. Serum CAT levels were
found to be significantly lower than that of the control group (P < 0.001). In this study, the highest decrease in serum
CAT levels was detected in interdigital dermatitis cases and followed by footrot cases and interdigital pouch infection
cases, respectively. Serum GSH-Px and GSH levels were found to be significantly lower in interdigital dermatitis cases
than those in the control group (respectively P < 0.001, P < 0.05). There was no statistically significant difference found
between the serum GSH-Px and GSH levels of footrot and interdigital pouch infection cases, and the control group (P >
0.05). We found that serum MDA and NO levels were found to significantly increase in sheep with foot disease and serum
CAT levels were found to be significantly lower. The results of this research indicate that MDA, NO and CAT activities
may be more reliable parameters than GSH-Px and GSH activities in order to determine oxidative stress in sheep with
foot diseases. In conclusion, this study reveals that there is a relationship between foot diseases and oxidant/antioxidant
balance in sheep and it shows that the oxidative stress and lipid peroxidation develop due to the increase of free radicals.
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INTRODUCTION

Lameness is a common cause of prosperous
and economic concerns in many countries [26] and
leads to serious economic losses both on the individual
and herd basis by adversely affecting the yield of meat,
milk and offspring [24].

Many factors play a role in the etiology of foot
diseases in sheep, being both preparative and construc-
tive. Preparatory factors include environmental factors
such as the presence of systemic diseases in the herd,
malabsorption, the order of housings, the suitability
and hygiene of the ground structure, and pastureland
conditions, and seasonal changes [11,22,30].

Constructive factors include infection factors
such as Bacteroides nodosus and Fusobacterium ne-
crophorum [24,30]. These infection factors have an
important role in the formation of interdigital dermatitis
which is the acute necrotic inflammation of the inter-
digital skin, in the formation of footrot which is cha-
racterized with the occurrence of a mild inflammation
on interdigital skin, corium ungulae and other tissues,
separation of capsula ungulae from corium ungulae
over time, and necrosis of corium ungulae [10,19] and
also in the inflammation of the biflex canal (interdigital
pouch infection), which is located between digiti [11].

Oxidants are the active oxygen derivatives of
free radicals [8]. Oxidants and antioxidants are in equi-
librium in organisms [1]. This balance is disturbed in
favor of oxidants in cases when the intake of antioxidants
is prevented, such as infection, inflammation, malab-
sorption, stress, exercise, metabolic and environmental
factors, and leads to cellular damage in the living orga-
nism. This is defined as oxidative stress [8,14,23,25].

Several defense mechanisms have been develo-
ped in organisms to prevent the damage on the cellular
structure caused by free radicals, more specifically the
ROS (Reactive Oxygen Species), and these mechanis-
ms are called antioxidant defense systems [20].

With this study, it was aimed to determine the
effects of foot diseases such as interdigital dermatitis,
footrot and interdigital pouch infection on the oxidative
level in sheep.

MATERIALS AND METHODS

Animals

The study material consist of a total of 70 sheep
aged between 1 and 3, of 20 with interdigital dermatitis,

of 20 footrot, of 10 with interdigital pouch infection (a
total of 50 sheep with foot diseases) and 20 clinically
healthy Akkaraman sheep were used. The diseases in
sheep which had lameness were diagnosed based on
the information taken from the animal owners and the
detailed clinical examinations of the foot in which la-
meness was observed. It was also observed that there
were not any other clinical diseases other than a foot
disease in sick sheep.

Blood sampling

For blood analysis, 10 mL of blood samples
were collected in sterile tubes without anticoagulants
from the V. Jugularis of healthy and sick sheep. Blood
samples collected were incubated at room temperature
for 30 min, then centrifuged at 3.000 rpm for 15 min
and the serums were stored at -20°C until the analysis.

Serum biochemical analysis

The levels of MDA [29], NO [13], CAT [9],
GSH [27] and GSH-Px [21] from the serums obtained
were measured using a spectrophotometer (model
uQuant MQX200)! in accordance with the procedure.

Statistical analysis

The statistical evaluation of the data obtai-
ned in the study was performed using the Statistical
Package for Social Sciences (SPSS) v20.0 software?.
The obtained data were evaluated by variance analysis
performed using one-way analysis of variance ANO-
VA and Tukey post hoc test. The data were given as
average and the standard error of the average and P <
0.05, P < 0.001 was considered as statistically signi-
ficant difference.

RESULTS

Serum MDA, NO, CAT, and GSH-Px and GSH
levels of healthy and sick sheep in which a foot disease
was determined were listed in Table 1. In this study,
serum MDA and NO levels were found to significantly
increase in sheep with foot disease compared to those
in the control group (P < 0.001). The increase in serum
MDA and NO levels was mostly found in interdigital
dermatitis cases, then in footrot cases and finally in
interdigital pouch infection cases.

In all cases, serum CAT levels were found to
be significantly lower than that of the control group
(P < 0.001). The highest decrease in serum CAT
levels was detected in interdigital dermatitis cases
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Table 1. MDA, NO, CAT, GSH-Px and GSH levels in foot disease (n = 50) and healthy sheep (n = 20). Results are expressed as mean

+ standard deviation.

Group MDA (nmol /L) NO (umol/L) CAT(U/L) GSH-PX (U/L) GSH (nmol/L)

Control 255+0.13¢  7.67+0.04 234.67+10.84*  0.16 + 0.00° 1.17 + 0.05°

Footrot 745+0.10°  1026+0.13* 149.87+7.17°  0.15 = 0.00° 1.08 + 0.02:
Interdigital 8.18+023  1252+0.12° 107.72+238  0.13+0.01° 1.03 +0.01
Dermatitis
Interdigital 625+0.19°  870+026° 196.99+998  0.16 + 0.00° 1.17 + 0.020

pouch infection
P skksk skkosk skekk skkosk skek

sbedDjfferent superscripts letters indicate statistically significant differences (**P < 0.05; *#*P< 0.001).

and followed by footrot cases and interdigital pouch
infection cases, respectively.

Serum GSH-Px and GSH levels were found
to be significantly lower in interdigital dermatitis ca-
ses than those in the control group (respectively P <
0.001, P < 0.05). There was no statistically significant
difference found between the serum GSH-Px and GSH
levels of footrot and interdigital pouch infection cases,
and the control group (P > 0.05).

DISCUSSION

It is thought that oxidative stress regulates the
metabolic activity of some organs and plays an impor-
tant role in productivity in livestock [7]. Generally,
stress factors affecting livestock are classified into two
groups. Physiological stresses such as animals being
housed in congested environments, problems with hou-
sing areas and animals exposure to unexpected adverse
effects are included in the first group, and physical
stress and environmental effects such as hunger, injury,
diseases constitute the second group [3].

It is reported that the oxidative stress caused
by the increase in the production of excessive free
radicals resulting from the exposure of animals to
various stress factors and by the weakening of the
antioxidant defense [7,8] has an important role in the
pathogenesis of numerous diseases such as foot dise-
ases, respiratory and joint diseases, sepsis, mastitis,
acidosis, ketosis, enteritis and endoparasitic diseases in
livestock [6,13,26]. Although there are various studies
on oxidative stress in sheep, there are very few studies
that examined the relationship between the oxidative
stress and foot diseases in sheep such as interdigital
dermatitis, footrot and interdigital pouch infection. For
this reason, this study was conducted to measure the

serum MDA, NO and GSH concentrations and CAT
and GSH-Px activities in sheep with foot diseases such
as interdigital dermatitis, footrot and interdigital pouch
infection and to assess oxidative stress level.

In the presence of various stress factors, the
level of malondialdehyde (MDA), the end product of
lipid peroxidation, increases [3]. MDA is one of the
most important biochemical markers used to determine
the degree of cellular damage in tissues [20,23]. The
level of MDA has been reported to increase in studies
conducted with cattle with foot-and-mouth disease
[12,17] and with calves with different inflammatory
diseases such as arthritis and omphalitis [5,31]. In this
presented study, serum MDA levels were found to
increase significantly (P < 0.001) in sheep with interdi-
gital pouch infection, footrot and interdigital dermatitis
compared to healthy sheep, which is consistent with
the above studies. This increase in MDA levels can
be suggested as an indication of excessive free radical
production which causes cellular damage in tissues.

Free nitrogen derivatives among free radicals
that are called RNS are nitric oxide (NO) and pero-
xynitrite [25]. NO is a free radical that mediates both
physiological and pathological events in the body [28].
NO has been reported to suppress the immune system,
despite its primary defense role against bacteria, viru-
ses and parasites. For this reason, NO may be protective
or dangerous for tissues depending on its concentration
[4]. Nitric oxide is produced in large quantities by ma-
crophages in case of bacterial infections and exhibits
antibacterial properties against pathogenic microorga-
nisms [5]. Nitric oxide has an inflammation inhibitor
effect [16]. Because of this property, it is at very high
levels in inflammatory diseases and is converted to
peroxynitrite, which is a strong oxidizing agent for
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tissues and organs, combining with superoxide [23].
NO levels in synovial fluid of 20 calves with arthritis
were reported to be more significant than the control
group [31]. In a study of cattle with foot-and-mouth
disease, serum NO levels were reported to be higher
than in the control group, which was reported to be
related to NO release and stimulation of the immune
system [4,28]. In this study, when NO levels in interdi-
gital dermatitis, footrot and interdigital pouch infection
cases were compared with those in the control group, a
statistically significant increase (P < 0.001) was found.
Depending on this increase, it can be suggested that NO
plays an active role in body defense against pathogens
that cause foot diseases.

Some of the important antioxidants that pre-
vent the accumulation of free radicals and the onset of
lipid peroxidation include catalase (CAT), glutathione
peroxidase (GSH-Px), and glutathione (GSH) [18]. Ca-
talase has different catalytic activity in various tissues
[32]. CAT and GSH-Px play an important role in the
oxidative defense of tissues, catalyzing the reduction of
hydrogen and lipid peroxides in all organs. The affinity
of CAT enzyme to hydrogen peroxide is higher than
that of GSH-Px [32]. Furthermore, changes in CAT
and GSH-Px activities are considered as indicators
of oxidative stress [6,25]. Glutathione (GSH), a non-
-enzymatic antioxidant, is important in protecting the
body against the oxidative stress, having an important
role in the inactivation of free radicals [15] and its
level decreases during the oxidative stress [31]. In six
rams with foot lesion, the level of ROS was found to
be significantly higher and the level of antioxidant was
found to be lower than in the control group [26]. They
reported that the increase in ROS and the decrease in
antioxidants were the indicators of oxidative stress in
rams with foot lesion. In 18 calves with severe foot
lesion, CAT, GSH-Px and GSH levels in the experi-
mental group were significantly decreased compared
to the control group in parallel with the increase in
lipid peroxidation during oxidative stress. [2]. It has
been reported in foot-and-mouth disease (FMD) cattle
that GSH-Px is reduced and that this reduction is due
to tissue damage resulting from increased oxidant

production in the sick animals in order to avoid the
severity of GSH-Px consumption [17].

In this study, there was a statistically signifi-
cant (P < 0.001) decrease found in serum CAT levels
in interdigital dermatitis, footrot and interdigital pou-
ch infection cases compared to those in the control
group. This decrease in the serum CAT levels may be
interpreted as the excessive use of CAT activity as an
antioxidant due to the effect of excessive free radicals
resulting from the inflammation in foot diseases.

In addition, it was found that serum GSH-Px
and GSH levels showed a decrease in interdigital
dermatitis and footrot cases compared to those in the
control group, whereas there was no difference obser-
ved in interdigital pouch infection cases compared to
the control group. This decrease in GSH-Px and GSH
levels was found to be statistically significant only in
interdigital dermatitis cases (respectively P < 0.001, P
< 0.05) but not statistically significant in footrot and
interdigital pouch infection cases (P > 0.05).

CONCLUSIONS

The results obtained show that the oxidative
stress and the lipid peroxidation develop due to the
increase of free radicals in sheep with foot diseases.
It is also thought that MDA, NO and CAT activities
may be more reliable parameters than GSH-Px and
GSH activities in order to determine oxidative stress
in sheep with foot diseases.

As a result, it was concluded that the oxida-
tive damage develops in sheep during foot diseases
such as interdigital dermatitis, footrot and interdigital
pouch infection, and consequently, the administration
of extra antioxidants to sick sheep may contribute to
the improvement of the disease and the reduction of
treatment costs.
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