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Markers for oxidative stress in the synovial fluid of  
Thoroughbred horses with carpal bone fracture
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Arthritis is thought to cause oxidative stress in synovial fluid in humans, but there have 
been few reports in horses. To evaluate oxidative stress in synovial fluid in horses, this 
study used 19 horses with unilateral fracture of the carpal joint bone. Synovial fluid was 
collected from the carpal joint on the fracture (arthritis group) and contralateral (control 
group) sides. Diacron-reactive oxygen metabolites (d-ROMs) and biological antioxidant 
potential (BAP) were then measured, and the oxidative stress index (OSI) was calculated. 
d-ROMs and OSI of the arthritis group were significantly higher than the control group. 
BAP of the arthritis group was significantly lower than the control group. Thus, this study 
revealed that oxidative stress develops in the synovial fluid of horses during arthritis.
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Oxidative stress is defined as the state in which the 
concentration of reactive oxygen species (ROS) exceeds 
that of antioxidants [12, 13]. Although ROS are removed by 
antioxidants, complete removal is not possible in the case 
of excessive ROS production. The residual ROS causes cell 
damage through oxidative damage to the cell membrane and 
DNA and protein denaturation [13]. Inflammation activates 
neutrophils and induces the release of ROS from neutrophils 
[2, 8]. Also, arachidonic acid generated during inflamma-
tion induces ROS production [4]. Thus, it is considered that 
oxidative stress can occur at the inflammation site character-
ized by excessive ROS production. In synovial fluid during 
arthritis, oxidative stress may be present.

In humans, oxidative stress may be an exacerbating 
factor for joint diseases, such as temporomandibular 
joint disease [1, 9, 10]. It has been proved that cultured 
chondrocytes provide weak defense against oxidative 
stress and are killed when exposed to ROS [15]. Therefore, 
articular cartilage is a weak tissue against oxidative stress. 
Oxidative stress in synovial fluid is thought to promote 
the destruction of articular cartilage. Therefore, evalua-

tion of oxidative stress in synovial fluid is important for 
assessment of severity of arthritis [1]. However, only a few 
studies have reported oxidative stress in the synovial fluid 
of horses during arthritis [5, 17, 21]. Furthermore, all these 
reports performed comparisons among separate horses, and 
there are no reports that have compared oxidative stress in 
synovial fluid of joints with arthritis and synovial fluid of 
healthy joints in the same horse. Since diet and exercise 
level affect oxidative stress, evaluation with the same indi-
vidual is important for evaluating whether oxidative stress 
is occurring [22].

For these reasons, we collected synovial fluid at the 
time of fracture of the carpal joint bone, which causes 
post-traumatic osteoarthritis (a form of arthritis) in horses, 
and evaluated the oxidative stress in the synovial fluid. For 
comparison with synovial fluid from a healthy joint, we 
used unilateral fractures, in which synovial fluid from the 
nonfractured side was collected and used as a control. This 
study is the first to compare oxidative stress in joints of the 
same horse.

This experiment was approved by the Animal Care and 
Use Committee at the Racehorse Hospital, Miho Training 
Center, of the Japan Racing Association. Nineteen racehorses 
(11 males, 7 females, 1 gelding; mean ± SD, 3.2 ± 0.6 years) 
with fracture of the carpal joint bone (either carpal bone 
and/or distal end of the radius) were used, and the bone frag-
ment was removed by performing an arthroscopic surgery. 
Unilateral fracture was confirmed by lameness examination 
and X-ray examination for both forelimbs. The fracture side 
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was right in 13 cases and left in 6 cases. The fractures sites 
were the distal end of radius (n=14), radial carpal bone 
(n=2), intermediate carpal bone (n=1), distal end of radius 
and intermediate carpal bone (n=1), and third carpal bone 
(n=1). In addition, it was confirmed that arthritis was present 
in the fractured joint and not in the contralateral joint on 
physical examination (confirmation of heat and swelling by 
palpation). The median days from fracture to surgery were 
7 days (3 to 12 days). All horses were administered nonste-
roidal anti-inflammatory drugs (Diclofenac, 1 mg/kg, p.o.; 
Diclofenac Na, Sawai Pharmaceutical, Osaka, Japan) until 
the day before surgery. Arthroscopy was performed under 
general inhaled anesthesia for each horse. Synovial fluid 
samples (1 ml) were collected from both carpal joints just 
before the surgical incision was made. The synovial fluid 
from the fractured side was included in the arthritis group, 
whereas that from the nonfractured side was included in 
the control group. Samples were stored at −80°C until used 
for further assays. After sample collection, diacron-reactive 
oxygen metabolites (d-ROMs) and biological antioxidant 
potential (BAP) were measured using a free radical analyzer 
(Free Carpe Diem, Diacron International, Grosseto, Italy). 
We calculated the oxidative stress index (OSI) from the 
measured d-ROMs and BAP (OSI=d-ROMs/BAP × 100) 
[3, 14, 18].

d-ROMs, BAP, and OSI were normally distributed; 
therefore, they were expressed as mean ± SD. All data were 
analyzed using Statcel3 (OMS Publishing Inc., Tokorozawa, 
Japan). Differences between the arthritis group and control 
group were determined using the paired t-test. The signifi-
cance level was set at P<0.05 for all analyses.

Joint swelling and heat were confirmed in the affected 
joints in all horses. d-ROMs, BAP, and OSI are shown 
in Fig. 1a–c, respectively. d-ROMs in the arthritis group 
showed significantly higher levels than those in the 
control group (P=0.02). BAP in the arthritis group showed 
significantly lower levels than those in the control group 

(P=0.0002). OSI in the arthritis group showed significantly 
higher levels than those in the control group (P=0.0002).

High d-ROMs values indicate higher production of 
ROS, and high BAP values indicate higher antioxidant 
capacity. Celi et al. reported d-ROMs and BAP as simple 
and precise parameters for assessing oxidative stress in 
horses [3]. d-ROMs and BAP can be easily measured, so it 
is considered possible to apply them clinical situations [3]. 
Oxidative stress develops when the balance between ROS 
and antioxidants favors ROS production. Therefore, it is also 
important to evaluate the grade of oxidative stress using 
the OSI, which indicates the balance between d-ROMs and 
BAP. High OSI values indicate higher oxidative stress. In 
previous reports, d-ROMs and BAP were mainly measured 
using serum or plasma samples [3], and there were no reports 
of measurements in synovial fluid. However, synovial fluid 
is a mixture of filtrate of plasma and hyaluronic acid and 
glycoprotein synthesized by synoviocytes. Therefore, since 
d-ROMs and BAP can be measured them with plasma, it 
was considered possible to measure with synovial fluid.

In this study, significantly higher d-ROMs values, 
significantly lower BAP values, and significantly higher 
OSI values were confirmed in the arthritis group than those 
in the control group. Because a significant increase in OSI 
was confirmed in the arthritis group, we considered that 
oxidative stress was generated in the synovial fluid on the 
fractured side. In the arthritis group, a significant increase 
in the d-ROMs and a significant decrease in BAP were 
observed. Therefore, the increase in OSI can be attributed to 
both excessive generation of ROS (i.e., increase in d-ROMs) 
and consumption of antioxidants (i.e., decrease in BAP).

Small amounts of ROS are quickly eliminated by anti-
oxidants. Thus, when small amounts of ROS are generated, 
only a decrease in antioxidant capacity occurs [20]. In this 
study, a significant increase in d-ROMs on the fractured 
side was confirmed. Therefore, it was thought that excessive 
ROS were generated in the joint fluid on the fractured side, 

Fig. 1.	 d-ROMs, BAP, and OSI are shown in a–c, respectively. a: The arthritis group showed a significantly higher d-ROM level (87.2 ± 
15.0 U.CARR) than that the control group (76.6 ± 16.3 U.CARR). b: The arthritis group showed a significantly lower BAP (1,661.5 ± 
440.3 µM/l) than the control group (2,050.0 ± 377.0 µM/l). c: The arthritis group showed a significantly higher OSI (5.6 ± 1.8) than the 
control group (3.9 ± 1.1). *P<0.05; **P<0.001.
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which could not be eliminated by antioxidants. Cultured 
chondrocytes are weak for oxidative stress and are killed 
when exposed to ROS [15]. Therefore, damage to articular 
cartilage present at sites other than the injured site may 
occur due to the presence of ROS. Articular cartilage other 
than that at the injured site may be damaged by oxidative 
stress in synovial fluid. Therefore, reducing oxidative stress 
in synovial fluid may contribute to the preservation of the 
articular cartilage.

This study revealed that oxidative stress develops in 
synovial fluid during arthritis due to carpal joint bone frac-
ture. In horses, there is a possibility that oxidative stress 
may occur in synovial fluid in acute arthritis [17]. Since 
comparison were made between different individuals in 
previous studies [5, 17, 21], it is possible that differences 
were due to arthritis or other factors such as diet and exercise 
level. In the current study, the differences were confirmed 
in the same individual, suggesting that oxidative stress can 
occur in synovial fluid during arthritis in the horse.

Although it performed measurements in separate indi-
viduals, a previous study showed a decrease in antioxidant 
capacity in acute cases [17]. Since the results of the present 
study showed similar results in the same individual, it can be 
said that the antioxidant capacity of synovial fluid decreases 
in acute cases. This study performed measurements in 
an acute case, so a decrease in antioxidant capacity was 
observed. However, if the measurements were carried out in 
a chronic case, antioxidant capacity may increase due to the 
adaptive response [17, 21]. Therefore, in order to evaluate 
the oxidative stress state of synovial fluid, it is necessary to 
consider the period from onset.

In humans, it was suggested that oxidative stress in serum 
was related to the severity of osteoarthritis [6]. However, 
since oxidative stress in serum was affected by inflamma-
tion of other sites of the joint, oxidative stress in synovial 
fluid is thought to more accurately reflect the condition of 
the joint than oxidative stress in serum [7]. Therefore, it 
was considered that measuring the oxidative stress in the 
synovial fluid of a horse may be useful for determining the 
severity of arthritis in horses.

In humans, reducing oxidative stress in patients with 
osteoarthritis has been reported to be effective for improve-
ment of quality of life and physical performance by reducing 
oxidative protein damage [16]. Oxidative stress generated 
during arthritis is thought to cause oxidative damage in 
synovial fluid protein and cartilage matrix, and death of 
chondrocytes. Thus, oxidative stress is considered to enhance 
destruction of the joint structure. Indeed, the possibility that 
destruction of cartilage matrix occurred through oxidative 
stress was shown in horses [21]. Improvement of oxida-
tive stress is thought to be useful for preservation of joint 
structure in situations in which oxidative stress is generated 

in the joint. Therefore, reducing oxidative stress in horses 
with arthritis may be useful for arthritis treatment. A reduc-
tion in oxidative stress may suppress the production of ROS 
and/or improve antioxidant capacity. However, it is difficult 
to suppress the production of ROS during inflammation. 
Therefore, to reduce the oxidative stress in the synovial fluid 
during arthritis, it is important to improve the antioxidant 
capacity. At early stages of arthritis, oxidative stress can 
be reduced by intra-articular administration of substances 
having antioxidant capacity, such as vitamin C, vitamin E, 
astaxanthin, and low molecular weight hyaluronic acid [11, 
19, 23].

This study revealed that oxidative stress develops in the 
synovial fluid of horses during arthritis due to carpal joint 
fracture. Oxidative stress may damage the articular carti-
lage; therefore, oxidative stress generated in the synovial 
fluid during arthritis may damage articular cartilage present 
at sites other than the injured site. Future studies should 
evaluate the effect of reducing oxidative stress in synovial 
fluid for arthritis treatment.
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