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Calves with Arthritis - Changes in Antioxidant Parameters
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ABSTRACT 

Background: In a healthy organism, oxidants and antioxidants are in balance. However, in cases such as inflammation, 
infection, and stress, this balance is disrupted in favor of oxidants, creating oxidative stress that can cause damage to cells 
or tissues. It is known that oxidative stress plays a role in the pathogenesis of many diseases. Determination of oxidant and 
antioxidant balance, especially in inflammatory diseases, plays an important role in elucidating the pathogenesis of the 
disease and developing treatment strategies. This study, it was aimed to reveal the oxidant status in inflammatory disease 
of calves with septic and aseptic arthritis.
Materials, Methods & Results: The material of the study consisted of 21 calves up to 2 months old, of different races 
and genders, 14 (9 male, 5 female) with arthritis and 7 healthy (control, 5 male, 2 female). Of the calves with arthritis, 11 
were septic and 3 were acute aseptic. In the calves with arthritis, the affected joint or joints were determined by clinical 
examinations. By palpating the joints, swelling, local temperature increase, tension in the joint capsule, presence of pain, 
and the presence and severity of lameness were examined. The color, clarity, viscosity, odor, and clot formation of the 
synovial fluid were examined and determined to be septic or aseptic. To determine the antioxidant status, the levels of 
malondialdehyde (MDA), which is the most important oxidative stress marker, and superoxide dismutase (SOD), gluta-
thione peroxidase (GSH-Px), and catalase (CAT), which are the enzymatic antioxidant enzymes, were measured spectro-
photometrically in serum samples. Vitamin E, C, and A levels, which are nonenzymatic antioxidants, were also measured 
colorimetrically. In the clinical examination, lameness was detected in the relevant extremity of all patients with arthritis. 
In the macroscopic examination of the synovial fluids taken from animals with arthritis, the colors of the synovial fluids 
varied between yellow and yellow tones in 11 cases; in 3 cases, it was determined that they were red and brown. It was 
observed that the colors of the synovial fluids were transparent in the subjects in the control group. It was observed that 
the synovial fluid clarity of the calves with arthritis was lost, with severe turbidity (+++) in 3 cases, moderately turbid (++) 
in 6 cases, slightly turbid (+) in 2 cases, and clear (-) in 3 cases. It was observed that the viscosity of synovial fluid taken 
from calves with arthritis decreased in varying degrees according to the severity of the disease, severe (+++) in 5 cases, 
moderately decreased (++) in 4 cases, slightly decreased (+) in 2 cases, and normal in 3 cases. It was determined that the 
viscosity of the synovial fluid taken from the calves in the control group was normal. There was a statistically significant 
difference between the groups in terms of MDA (P < 0.01), SOD (P < 0.01), GSH-Px (P < 0.05), vitamin E (P < 0.001), 
and vitamin C (P < 0.01), while MDA levels increased in calves with arthritis, SOD and GSH-Px activities and vitamin E 
and C levels decreased significantly. Although there was no statistically significant difference in CAT (P > 0.05) enzyme 
activity, it was determined that it was at a lower level in calves with arthritis, and there was no significant difference be-
tween the groups in terms of vitamin A (P > 0.05).
Discussion: According to the results of the study, there is an increase in oxidative stress and a decrease in antioxidant status 
in calves with arthritis. It is thought that these changes may be due to efforts to reduce tissue damage by reducing lipid 
peroxidation. As a result, it was determined that oxidant and antioxidant balance was impaired in calves with arthritis, and 
oxidative stress and lipid peroxidation developed due to the increase in free radicals. It is thought that giving additional 
antioxidants to the calves may contribute to the recovery of the disease and reduce treatment costs.
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INTRODUCTION

Arthritis, an inflammatory disease of the joints, 
is of great importance in terms of prevalence, treatment, 
and economy in calves [1,9,30]. Joint inflammations in 
calves can be acute-chronic and aseptic-septic. Aseptic 
joint inflammations develop as a result of traumas, 
luxations, distortions, and excessive strain. Septic joint 
inflammations, on the other hand, are shaped when 
the infectious agents are either directly transmitted to 
the joint or adjacent tissues by traumatic effect, or are 
settled in the joints in a hematogenous way as a result 
of infectious diseases such as septicemia, omphalitis, 
pneumonia [1,7,20,21].

In a healthy organism, oxidants and antioxi-
dants are in balance. However, in cases such as inflam-
mation, infection, and stress, this balance is disrupted 
in favor of oxidants, creating oxidative stress that can 
cause damage to cells or tissues. Free radicals whose 
concentration increases in oxidative stress; cause oxi-
dative damage by affecting molecules such as lipids, 
carbohydrates, proteins, and nucleic acids [4,5,12-14]. 
The organism has enzymatic (such as superoxide dis-
mutase (SOD), catalase (CAT), glutathione peroxidase 
(GSH-Px)) and nonenzymatic (such as vitamins A, E, 
and C) antioxidant defense systems that metabolize 
free oxygen radicals [11,26-28]. Whether oxidative 
stress develops the determination of lipid peroxida-
tion (malondialdehyde, MDA) is the most common 
method used [13].

This study, it was aimed to determine the 
changes in antioxidant parameters in aseptic-septic 
joint inflammations (arthritis), which is common in 
calves, causing loss of productivity and high economic 
losses.

MATERIALS AND METHODS

Animals

The material of the study consisted of 21 calves 
up to 2 months old, of different races and genders, 14 
(9 male, 5 female) with arthritis and 7 healthy (control, 
5 male, 2 female). Of the calves with arthritis, 11 were 
septic and 3 were acute aseptic.

Clinical examination

The affected joint or joints were determined 
by performing the necessary clinical examinations. 
By palpating the joints, swelling, local temperature 
increase, tension in the joint capsule, presence of pain, 

and the presence and severity of lameness were exam-
ined. The severity of arthritis was tried to be determined 
by making passive movements to the joints. After 
cleaning and disinfection of the area, a physical exami-
nation was performed by puncturing the relevant joint 
and aspirating the inflamed joint synovium. Arthritis 
cases detected as a result of physical examination of 
synovial fluid and clinical examinations were included 
in the study. The cases were evaluated as septic and 
aseptic according to the synovial fluid characteristics 
and the presence of other findings in the animal.

Macroscopic examination of synovial fluid

The color, clarity, viscosity, odor, and clot 
formation of the synovial fluid were examined and 
determined to be septic or aseptic. Color changes of 
synovial fluid were determined by comparing it with 
normal synovial fluid findings. The change in viscos-
ity was detected by distilling the synovial fluid from 
a syringe needle or by holding it between two fingers 
and stretching it. The appearance of the synovial fluid 
was determined by comparing it with the normal fluid 
properties.

Collection of blood samples

Blood samples were taken from the vena 
jugularis of the animals in both the study and control 
groups into sterile glass tubes without anticoagulant, 
centrifuged at 3000 g for 5 min, the samples were taken 
into Eppendorf tubes and frozen at -20°C for analysis 
as soon as possible.

Serum biochemical analysis

The levels of MDA [29], SOD [25], GSH-Px 
[22], and CAT [8] from the serums obtained were 
measured using a spectrophotometer [model Shimadzu 
UV-1700]1 following the procedure.

Vitamin E [Vitamin E (VE) Colorimetric Assay 
Kit]2 and vitamin A [Vitamin A (VA) Colorimetric As-
say Kit]2 levels, which are antioxidant vitamins, were 
determined in High-Performance Liquid Chromatogra-
phy (HPLC) [model Shimadzu]1 device with the help of 
commercial test kits following the technique. Vitamin 
C levels were determined colorimetrically using the 
phosphotungstic acid method [15].

Statistical analysis

The SPSS [Statistical Package for Social Sci-
ences for Windows- 20.0 program]3 was used on the 
Windows software base for the statistical evaluation of 
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the data obtained from the study. Data are presented as 
mean ± standard deviation. Student t-test and Mann-
Whitney U test were used to determine the significance 
levels between groups. Values with a significance level 
of P < 0.05, and P < 0.001 were considered statisti-
cally significant.

RESULTS

Of the 14 calves with arthritis included in the 
study, 9 were male, and 5 were female, it was deter-
mined that 7 of the case with arthritis were Montofon, 6 
of them were Simmental, and 1 of them were Holstein's 
calves. Of the 7 Montofon calves in the control group, 
5 were male and 2 were female. In 14 calves diagnosed 
with arthritis as a result of clinical examination, it 
was determined that 12 of the lesioned joints were 
Articulatio cubiti, 1 was Articulatio genu, and 3 were 
Articulatio carpi. It was observed that arthritis was in 
the form of polyarthritis in 2 of the calves (Table 1).

Clinical examination findings

The findings obtained as a result of the clini-
cal examination are given in Table 1. In the clinical 
examination, lameness was detected in the relevant 
extremity of all cases with arthritis. Severe lameness 
was observed in 3 of the cases (cases 2, 7, 10), moder-
ate lameness was observed in 9 cases (cases 1, 3, 4, 
5, 6, 8, 11, 13, 14) and mild in 2 cases (cases 9, 12) 
lameness was observed. Omphalitis was observed in 
2 of the cases (cases 2, 10, 14), and the fistula was 
observed in case 11.

Synovial fluid findings

The synovial fluid findings of the animals with 
arthritis included in the study are given in Table 2. In 
the macroscopic examination of the synovial fluids 
taken from animals with arthritis, the colors of the 
synovial fluids varied between yellow and yellow tones 
in 11 cases; In 3 cases, it was determined that they were 
red and brown. It was observed that the colors of the 
synovial fluids were transparent in the subjects in the 
control group. It was observed that the synovial fluid 
clarity of the calves with arthritis was lost, with severe 
turbidity (+++) in 3 cases, moderately turbid (++) in 
6 cases, slightly turbid (+) in 2 cases, and clear (-) in 
3 cases. It was observed that the viscosity of synovial 
fluid taken from calves with arthritis decreased in vary-
ing degrees according to the severity of the disease, 
severe (+++) in 5 cases, moderately decreased (++) in 

4 cases, slightly decreased (+) in 2 cases, and normal 
in 3 cases. It was determined that the viscosity of the 
synovial fluid taken from the calves in the control group 
was normal. Synovial fluids; It was determined that 3 
cases (+++) had a bad smell. In synovial fluids kept at 
room temperature for 1 hour; Severe coagulation in the 
synovial fluid in 3 cases (+++), moderate coagulation 
in 7 cases (++), mild coagulation in 1 case (+), and 
coagulation did not occur in 3 cases (--).

Biochemical findings

The mean values of oxidant and antioxidant 
parameters and statistical significance levels of 
healthy (n=7) and arthritis calves (n=14) are presented 
in Table 3. When this table is examined; There was a 
statistically significant difference between the groups 
in terms of MDA (P < 0.01), SOD (P < 0.01), GSH-Px 
(P < 0.05), vitamin E (P < 0.001), and vitamin C (P 
< 0.01).  While MDA levels increased in calves with 
arthritis, SOD and GSH-Px activities and vitamin E 
and C levels decreased significantly.  Although there 
was no statistically significant difference in CAT 
enzyme activity, it was determined that it was at a 
lower level in calves with arthritis, and there was no 
significant difference between the groups in terms of 
vitamin A (P > 0.05).

DISCUSSION

Many studies are showing that free radi-
cal formation plays a direct or indirect role in the 
development and progression of inflammation in 
inflammatory diseases. It has been reported that the 
oxidant-antioxidant balance is disrupted and oxida-
tive stress occurs in bacterial/viral diseases such as 
brucella, smallpox in sheep, traumatic reticuloperi-
tonitis, peritonitis, osteoarthritis, and tuberculosis 
[4,5,19,23,31]. Oxidative damage to essential cell 
components by free oxygen radicals; plays an impor-
tant role in the pathogenesis of many diseases such 
as cardiovascular diseases, atherosclerosis, diabetes 
mellitus, and rheumatism [4,5,11,24]. In these dis-
eases, it is reported that due to the oxidative damage 
caused by lipid peroxidation against cells, membrane 
integrity is disrupted, DNA chains are broken, and 
the structure and functions of proteins are changed, 
as a result, the levels of various biological indicators 
increase, and these modifications are clinically associ-
ated with inflammation. It is stated that it is directly 
related to the findings [13,17].
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Table 1. Clinical examination findings of calves with arthritis.

Cases Age Gender Race
Localization of 

the Lesion
Swelling Sensitivity

Temperature 
rise

Decreased 
mobility

In flexion 
ache

Lameness

1 13 days Male Montofon
Rigt Articulatio 

cubiti
++ + + ++ ++ ++

2 22 days Male Montofon
Right Articulatio 

cubiti
+++ ++ ++ ++ ++ +++

3 16 days Female Simmental
Left Articulatio 

cubiti
+++ +++ ++ ++ ++ ++

4 40 days Male Montofon
Left Articulatio 

genu
++ ++ ++ +++ ++ ++

5 27 days Male Montofon
Left Articulatio 

cubiti
+++ ++ + ++ +++ ++

6 7 days Male Simmental
Right Articulatio 

cubiti
+++ +++ ++ ++ ++ ++

7 11 days Female Montofon
Right Articulatio 

cubiti
++ + + + ++ +++

8 60 days Male Simmental
Right Articulatio 

cubiti
+ + + ++ +++ ++

9 16 days Male Simmental
Right Articulatio 

carpi
+++ +++ ++ ++ +++ +

10 28 days Female Simmental
Right and Left 

Articulatio cubiti
+++
++

++
++

++
++

+++
++

+++
++

+++
+++

11 49 days Male Montofon
Left Articulatio 

cubiti
++ ++ ++ ++ ++ ++

12 8 days Male Montofon
Right Articulatio 

cubiti
++ ++ + ++ ++ +

13 30 days Female Holstein
Right Articulatio 

cubiti
++ +++ +++ ++ ++ ++

14 15 days Female Simmental
Right and Left 

Articulatio carpi
++
++

++
+

+
+

++
++

+
++

++
++

+ Mild, ++ Moderata, +++ Severe.

Table 2. Macroscopic examination findings of synovial fluid from calves with arthritis.

Cases Joints Color Clarity* Viscosity** Smell Clotting

1 Right Articulatio cubiti Yellow ++ ++ +++ ++

2 Right Articulatio cubiti Brown + +++ ++ ++

3 Left Articulatio cubiti Light yellow ++ ++ ++ ++

4 Left Articulatio genu Light yellow -- Normal -- --

5 Left Articulatio cubiti Red-Brown +++ +++ +++ +++

6 Right Articulatio cubiti Yellow -- Normal -- --

7 Right Articulatio cubiti Dark yellow + + + ++

8 Right Articulatio cubiti Yellow ++ ++ ++ +++

9 Right Articulatio  carpi Dark yellow ++ +++ ++ ++

10 Right and Left Articulatio cubiti Brown +++ +++ + +++

11 Left Articulatio cubiti Yellow +++ ++ + ++

12 Right Articulatio cubiti Yellow ++ +++ +++ ++

13 Right Articulatio cubiti Light yellow ++ + ++ +

14 Right and Left Articulatio carpi Light yellow -- Normal -- --

*Clarity: - Clear; + Slight; ++ Moderately blurred; +++ Severely cloudy. **Viscosity: Normal; + Slightly decreased; ++ Moderately 
decreased; +++ Severely decrease.
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Oxidative stress acts as a secondary and ag-
gravating factor in many diseases. When the oxidative 
defense system against reactive oxygen species is 
insufficient, clinical symptoms and disease may oc-
cur [14]. Determination of lipid peroxidation (MDA 
concentration) is among the most widely used meth-
ods for the determination of oxidative stress. Lipid 
peroxidation is a non-enzymatic chain reaction based 
mainly on the oxidation of unsaturated fatty acids, 
and increased MDA concentration in plasma is an 
indicator of lipid peroxidation. By-products of lipid 
peroxidation affect the properties of the cell membrane, 
and the most common of these by-products is MDA 
[6,12,13,17]. In particular, the erythrocyte membrane 
is rich in unsaturated fatty acids and is highly sensitive 
to lipid peroxidation [13].

Mycobacteria can stimulate the formation 
of reactive oxygen species through the activation of 
phagocytes, and although this reaction is important 
in host defense, increased reactive oxygen species 
production can increase tissue damage and inflamma-
tion. This may cause immunosuppression, especially in 
patients with an impaired antioxidant capacity [10,13]. 
In addition, malnutrition in calves with arthritis may 
also cause deterioration in antioxidant capacity. In the 
current study, higher MDA levels detected in calves 
with arthritis compared to controls can be considered 
as an indicator of oxidative stress that develops during 
the disease.

Under normal conditions, living organisms 
have enzymatic (such as SOD, CAT), GSH-Px) and 
nonenzymatic (such as vitamins A, E, and C) antioxi-
dant defense systems that can metabolize free oxygen 
radicals. While SOD functions as a catalyst in the 
conversion of superoxide anions (O2-) to hydrogen 

peroxide (H
2
O

2
), the resulting H

2
O

2
 is eliminated by the 

CAT and GSH-Px enzymes. In addition, the GSH-Px 
enzyme plays a role in the inhibition of other long-
chain peroxides [2,3,11].

Although lower values were found in the cata-
lase levels in the arthritic calves in the study compared 
to the controls, these decreases were not found to be 
statistically significant. However, significant decreases 
were detected between the groups in SOD and GSH-
Px levels. Although the reductions in catalase levels 
were not found to be significant, it is thought that the 
reductions in this enzyme level and SOD and GSH-Px 
levels in arthritic calves are due to their use to neu-
tralize radicals that occur due to oxidative stress that 
develops during the disease.

While vitamin C increases the antioxidant ef-
fect of vitamin E, it also reduces its consumption. It 
reduces the body's defense power against infections in 
vitamin C deficiency [13,18,16]. In the current study, it 
is noteworthy that vitamin E and C levels were signifi-
cantly reduced in calves with arthritis when compared 
to the control group.  The reason for this situation is 
thought to be due to both the decrease in milk and feed 
consumption, which is likely to develop during the 
disease and the increased use due to the developing 
oxidative stress. No statistical significance was found 
between the groups in terms of vitamin A levels. This 
may be related to the use of vitamins such as E and C 
during the developing oxidative stress.

CONCLUSION

According to the results of the study, there is 
an increase in oxidative stress and a decrease in anti-
oxidant status in calves with arthritis. It is thought that 
these changes may be due to efforts to reduce tissue 

Table 3. MDA, SOD, GSH-Px, CAT, Vitamin E, Vitamin C, and Vitamin A levels in arthritis (n = 14) and healthy calves (n = 7). 

Parameters
Control group
 Mean ± Sd

Arthritis
Mean ±Sd

P

MDA (nmol /L) 1.96 ± 0.04 3.21 ± 0.16 **

SOD (U/L) 7.24 ± 2.36 4.51 ± 0.73 **

GSH-Px (U/L) 2.11 ± 0.27 1.13 ± 0.01 *

CAT (U/L) 234.67 ± 10.84 221.88 ± 9.93 NS

Vitamin E (mg/L) 6.07 ± 1.54 1.16 ± 1.73 ***

Vitamin C (mg/L) 5.13 ± 0.66 3.24 ± 0.54 **

Vitamin A (mg/L) 0.33 ± 0.21 0.29 ± 0.11 NS

Results are expressed as mean ± standard deviation. *P < 0.05. **P < 0.01. ***P < 0.001. NS= No Significant: P  > 0.05.
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damage by reducing lipid peroxidation. As a result, 
it was determined that the oxidant and antioxidant 
balance was impaired in calves with arthritis, and 
oxidative stress and lipid peroxidation developed due 
to the increase in free radicals. It is thought that giving 
additional antioxidants to the calves may contribute to 
the recovery of the disease and reduce treatment costs.
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