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INTRODUCTION 

Sports horses are often challenged to prepare for individual 
competitions in different disciplines, such as show jumping, 
dressage, and endurance. Although maintenance, the feed-
ing and training programs vary according to discipline; the 
factors that the muscles, joints, ligaments, tendons, and 
hoofs of the horses are subjected to anatomically are in-
creased due to the intensity of the training and competi-
tions. This makes sports horses more prone to orthopedic 
problems (1-3). Spontaneous joint diseases, osteoarthritis 

(OA), laminitis, tendinitis and, synovitis are the main prob-
lems faced by sport horses, resulting in loss of performance 
and consequently the end of competitive life (1, 3, 4). Treat-
ment of joint disorders is long, costly, and laborious. Besides, 
associated diseases after joint discomfort also cause major 
economic losses for the breeder. Studies show that 60% of 
laminitis formed in horses is caused by OA (5). 

Articular cartilage structurally composed of partially 
chondrocyte cells and a large number of extracellular matrix 
components. Many macromolecules have been identified in 
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Abstract 

A disintegrin-like and metalloproteinase with thrombospondin motifs (ADAMTS) proteinase family play an important role in many 
physiological and physiopathological processes such as the maintenance of locomotor system health in sport horses. In this study, we 
aimed to determine the changes of ADAMTS-4 and ADAMTS-5 levels in concour horses before and after exercise.  
The Oldenburg and Selle Français horse-breed types which are healthy, 6-15 years old, around 650-750 kg, and distinct genders were used 
(n=10). Following the physical examinations, the horses were subjected to 50 minutes of regular exercise program. Blood samples were 
collected into anticoagulant-free tubes in order to determine ADAMTS-4 and ADAMTS-5 mRNA expression and ELISA levels before and 
after exercise.  
There were no differences were observed statistically on ADAMTS-4, neither mRNA expression in spite of 25% downregulated, nor at the 
ELISA levels. On the other hand, ADAMTS-5 mRNA expression were upregulated 3.88 fold (p<0.01), as well ELISA level significantly 
increased as 1.2 fold (p<0.01).  
In conclusion, the increase of the serum ADAMTS-5 levels may be one of the potential biomarkers in the joint disorders. However, it is 
necessary to investigate more extensively to clarify its action with clinical evidence. 
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Konkur Atlarında Egzersiz Öncesi ve Sonrası ADAMTS-4 ve ADAMTS-5 Düzeyleri 

Öz 

A disintegrin-like and metalloproteinase with thrombospondin motifs (ADAMTS) proteinaz ailesi, spor atlarında lokomotor sistem 
sağlığının korunması gibi birçok fizyolojik ve fizyopatolojik olayda önemli rol oynamaktadır. Bu çalışmada, yarış atlarında egzersiz öncesi 
ve sonrasındaki ADAMTS-4 ve ADAMTS-5 düzeylerinin belirlenmesi amaçlanmıştır.  
Bu amaçla, sağlıklı, 6-15 yaşları arasında, 650-750 kg ağırlığında, farklı cinsiyetlerden, Oldenburg ve Selle Français ırkı yarış atları (n=10) 
kullanıldı. Atların fiziksel muayeneleri ardından, 50 dakikalık standart egzersiz programı uygulandı. Egzersiz öncesi ve sonrasında ADAMTS-
4 ve ADAMTS-5 mRNA ekspresyonlarını ve ELİSA düzeyleri ölçülmek üzere antikoagulansız tüplere kan örnekleri alındı. 
ADAMTS-4 mRNA ekspresyonu %25 oranında azalmasına rağmen istatistiki olarak anlamlı bulunmadı ve ELİSA düzeyinde de değişim 
gözlenmedi. ADAMTS-5 mRNA ekspresyonu 3.88 kat arttı (p<0.01) ve ELİSA düzeyi de anlamlı olarak 1.2 kat arttı (p<0.01).  
Sonuç olarak, serum ADAMTS-5 düzeylerindeki artışın, atlarda eklem hastalıklarının da potansiyel biyolojik belirteçlerinden biri olabileceği 
ve etkilerini netleştirmek için klinik bulgularla desteklenen daha detaylı araştırmaların yapılması gerektiği kanısına varıldı. 

Anahtar Kelimeler: ADAMTS, agrekanaz, at egzersiz, metalloproteinaz 
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cartilage tissue, including collagen fibrils, aggregate proteo-
glycans, and glycoproteins. Although joint damage is caused 
by oxidative metabolism-induced free radicals and hypoxic 
conditions, the main reason is the increase in proteolytic en-
zymes. Matrix metalloproteinases (MMPs), pro- and anti-in-
flammatory cytokines interleukin-1 (IL-1) and tumor necrosis 
factor-alpha (TNF-α) and retinoic acid are the main bi-
omarkers recommended for the diagnosis of joint damage 
(6). IL-1 and TNF-α play an important role in the physio-
pathology of many diseases ranging from periodontal dis-
eases (7) to cancer (8) and it is emphasized that they can be 
considered as biomarkers in the literature. However, MMPs 
actively involved in cartilage destruction during the progres-
sion of joint disease are involved in normal anabolic and cat-
abolic metabolism (turnover) of the aggregate and IL-1 and 
TNF-α do not show tissue-specific distribution, the potential 
to be used as an early biomarker in diagnosis is weakening 
especially in aseptic degenerative joint diseases. Indeed, Bil-
linghurst et al. (9) reported an increase in TNF-α levels in 
acute joint inflammation, whereas this increase did not oc-
cur in the case of chronic arthropathy. Jouglin et al. (10) also 
reported that they could not find any correlation between 
TNF-α activity and cartilage tissue damage and therefore 
both authors stated that TNF-α is limited in its use as a bi-
omarker for arthritis. A biomarker that can be used with 100 
percent accuracy for the early diagnosis of horses' orthope-
dic disorders has not yet been determined.  

There are nineteen known types of ADAMTS protein-
ases family and it is one of the important biomarkers that 
can be evaluated in the early diagnosis of diseases due to 
their roles in the physiopathological mechanisms of many 
diseases such as cancer, arthritis, and atherosclerosis (11-
15). ADAMTS-4 and ADAMTS-5 have been reported to play 
an important role in the pathogenesis of osteoarthritis in hu-
mans and various animals following their first molecular puri-
fication and cloning (12, 15, 16). Although their expression has 
been detected in many tissues such as the brain, heart, and 
lung, the main function is the degradation of aggregate in car-
tilage tissue. ADAMTS-4 and ADAMTS-5, which are discovered 
as aggrecanase-1 (17) and aggrecanase-2 (16), are distributed 
in horses' hoof lamina (18) and joints (19) and are expressed 
more in cartilage tissue than other tissues (20). Due to the 
characteristics of the ADAMTS family members, it has been 
shown that they are the most suitable candidate molecules to 
be specific biomarkers for various diseases (11, 14, 21-23).  

In this study, it was aimed to determine the genetic and 
enzymatic changes in serum ADAMTS-4 and ADAMTS-5 lev-
els before and after exercise in concour horses competing 
professionally in the discipline of showjumping. 
 
MATERIALS AND METHODS 

Animal Material 

To investigate the alteration of ADAMTS-4 and ADAMTS-5 
levels, 6-15 years old and 650-750 kg weight Oldenburg and 
Selle Français breeding, gelding and mare horses (n=10) used 
for the study. The study was conducted with the ethics com-
mittee permission given (Date: 21/10/2016 Number: 

78543580/9) by Cukurova University Faculty of Medicine, Ex-
perimental Medicine Research and Application Center and 
with the permissions obtained from horse owners. Horses 
with joint disorders and laminitis in recent years eliminated 
from the study. 

Exercise Program and Sample Collection 

Sport horses involved in the study fed by ~ 6 kg of concen-
trated feed (Optima Yem, Turkey) per day, and Cosequine® 
Original (Nutramaxlabs, England) was used as a feed additive 
for morning and evening scales. Water requirements met as 
ad libitum and horses held in the individual horse boxes at 
18-20°C. Routine physical and laboratory examinations were 
performed in terms of lameness and any infectious or non-
infectious disorder. Then the standard exercise program re-
ported in Table 1 was applied by the same rider to horses 
which evaluated as healthy. Blood samples collected from 
the vena jugularis in order to measure serum ADAMTS-4 and 
ADAMTS-5 levels before and after exercise. Blood samples 
were centrifuged at 3000 rpm for 10 minutes and the ob-
tained serum stored at -20°C until analysis.  
 

Table 1. Exercise program of horses 

Exercise Type Duration 

Walk 10 min 

Trot 10 min 

Jumping 20 min 

Relaxing & Cooling 10 min 

TOTAL 50 min 

Determination of ADAMTS-4 and ADAMTS-5 Enzyme                     
Activities 

Enzyme activities of ADAMTS-4 and ADAMTS-5 were de-
tected by using horse specific enzyme-linked immuno-
sorbent assay (ELISA) kits (Sunred Bio, China) according to 
the procedures of commercial kits as described by Will et al. 
(24), and the results were determined by the spectropho-
tometer. Absorbance was read at λ = 450 nm with a refer-
ence filter at λ = 620 nm by ELISA device (Thermo Scientific, 
MultiscanGO). 

Determination of Serum ADAMTS-4 and ADAMTS-5 mRNA 
Expressions 

Alteration in mRNA expressions of ADAMTS-4 and ADAMTS-
5 genes were investigated by quantative Real Time PCR (qRT-
PCR). Total RNA was isolated from horse blood samples by 
using qiazol as described manufactural protocols. The quali-
tative and quantitative analyses of Total RNA were deter-
mined by nanodrops and purity of the samples was con-
trolled by   agarose gel electrophoresis. cDNA from the ob-
tained RNAs was synthesized using iScript cDNA synthesis kit 
(Bio-Rad, USA). 20 µL of reaction mixture contains 2 ng total 
RNA, 1 µL of reverse transcriptase and 4 µl of 5X iScript reac-
tion mixture. The reaction mixture was incubated at 25ºC for 
5 minutes, 46°C for 20 min and 95°C for 1 min. The synthe-
sized cDNAs were stored at -20°C to until qRT-PCR studies.  
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qRT-PCR studies were performed using Bio-Rad CFX 
Connect (Bio-Rad, USA). 25 µL of the reaction mixture con-
tains 12.5 µL of 2X SYBR Green qPCR Master mix, 0.4 µL of 
reverse and forward primers and 2 µL of cDNA. As a house 
keeping gene, GAPDH was used. Primer sequences of 
ADAMTS-4 and ADAMTS-5 design were shown on Table 2 
and Table 3. qRT-PCR cycle was set as initial denaturation at 
95ºC for 5 min, then 40 cycles of denaturation at 95 °C for 15 
sec, annealing step at 60 °C for 30 sec.   The changes in mRNA 
expression of ADAMTS-4 and ADAMTS-5 were calculated by 
using 2-ΔΔCt method.  

  
Table 2. ADAMTS-4 Primary Sequence 

Forward: 5'-AGCTCAACGGTAGTGTCGTG-3' 

Reverse: 5'-GCCATAACTGTCAGCAGGTA-3' 

 
Table 3. ADAMTS-5 Primary Sequence 

Forward: 5'-GGCATCATTCATGTGACACC-3' 

Reverse: 5'-TTCTGTGATGGTGGCCGAGG-3' 

Statistical Analysis 

The values obtained from the study were statistically ana-
lyzed by GraphPad Prism 8.0 software (San Diego, USA). The 
differences among groups were evaluated by paired t-test 
and confidence interval was accepted as 95%. 
 
RESULTS 

Serum ELISA results of sports horses, before (BE) and after 
exercise (AE) are presented in Table 4. Accordingly, 
ADAMTS-4 levels were measured as BE: 76.27 ± 12.46 ng/ml 
and AE: 82.60 ± 10.43 ng/ml, respectively and no statistical 
change was observed (Figure 1). In contrast, serum ADAMTS-
5 levels were measured as 1.70 ± 0.18 ng/ml and ES: 1.97 ± 
0.19 ng/ml, respectively, and increased significantly by 1.2 
times (Figure 2, p<0.01). 
 

Table 4. ADAMTS-4 and ADAMTS-5 levels before and after 
exercise (n=10, x±̄SEM).  

ADAMTS-4 
(ng/ml) 

ADAMTS-5 
(ng/ml) 

Before Exercise (BE) 76.27±12.46 1.70±0.18b 

After Exercise (AE) 82.60±10.43 1.97±0.19a 
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Figure 1. Serum ADAMTS-4 levels (x̄±SEM, p=0.39). 
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Figure 2. Serum ADAMTS-5 levels (x̄±SEM, p=0.0032). 

 
Serum mRNA levels of ADAMTS-4 and ADAMTS-5 were 

determined by the qRT-PCR method after RNA isolation and 
cDNA synthesis in the samples obtained before and after ex-
ercise (Figure 3). Accordingly, although the ADAMTS-4 level 
decreased after the exercise by 25% compared to the pre-
exercise group, the data obtained were not statistically sig-
nificant. ADAMTS-5 level increased 3.88 times after exercise 
and it was found to be significant (p<0.01). 

 
DISCUSSION AND CONCLUSION 

The showjumping process consists of four stages. These are 
positioning, take-off, landing, and braking. The hind legs of 
the jumping horses do 0.71 J / kg during jumping, which is 
4.5 times the size of a normal walking horse (25), during 
landing, approximately 10 kN load is applied to the musculus 
flexor digitalis superficial (MFDS) and musculus flexor digi-
talis profundus (MFDP) tendons (26). This is why the MFDS 
and MFDP tendon injuries in the forelimb is more common 
in jumping horses (1). Egenvall et al. (4), examined 263 elite 
concur horses, been rode by 31 riders from 4 different coun-
tries and reported that 126 horses (48%) lost days during 
two racing seasons due to orthopedic problems. Thus, the 
correct biomarkers are crucial to thoroughly perceive articu-
lar damage in sport horses on the early stage.  

In our study, the ADAMTS-4 serum levels slightly in-
creased but this did not important statistical (Figure 1), on 
the other hand ADAMTS-5 level increased significantly (Fig-
ure 2) after regular exercise program (Table 1) as presented 
on the Table 4. Exercise is considered to be an effective fac-
tor for PBMC infiltration into tissues (27). In vivo and in vitro 
studies in horses, humans, rats and mices show that exercise 
enhances synovial macrophage infiltration which regulates 
proinflammatory cytokines (28-31).  It is reported that 
ADAMTS-4 is mediated by TNF-α, IL-1 and nuclear factor-
kappa B (NFκB) released from synovial macrophages, while 
the regulation of ADAMTS-5 is reported to be independent 
of the aforementioned cytokines (32). Horses are also used 
as model organisms for aseptic arthritis which is caused by 
amphotericin B, an antifungal agent. Amphotericin B en-
hances peripheral blood mononuclear cell (PBMC) infiltra-
tion in human (33), mouse (34), horse (13), and donkeys (35) 
and regulates the release of proteases responsible for carti-
lage destruction by IL-1 and TNF-α secreted from these cells, 
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resulting in cartilage destruction. Ma et al. (36), reported 
regular increases in levels of IL-1, TNF-α, MMP-2, MMP-3, 
MMP-9, MMP-13 and ADAMTS -5 in a 9-week study in which 
they administered OA by administering a single dose of 25 
mg/ml amphotericin B. According to routine clinical exami-
nations, neither orthopedic nor septic or aseptic problems 
were not found of the sport horses used in our study. In this 
regard, the slight increasing of ADAMTS-4 level could be ex-
plain by exercise induced PBMC infiltration, however the 
ADAMTS-5 level need to clarify on molecular stage.  

Besides, McGivney et al. (37) in their study of transcrip-
tional adaptation after exercise in thoroughbred horses re-
ported that ribosomal genes were downregulated immedi-
ately after exercise, leading to inhibition of protein synthesis 
and mechanosensation, muscle hypertrophy, repair and re-
modeling genes. Also, the polymorphisms on the Adamts5 
gene caused susceptibility to ECM involved in the develop-
ment of knee OA in humans (38, 39).  

In this study, it was suggested that the significant in-
crease in ADAMTS-5 mRNA levels may be associated with the 
usual joint and muscle metabolic cycle as a result of adapta-
tion to exercise following the literature. However, 25% inhi-
bition of ADAMTS-4 mRNA level is an issue that needs to be 
examined in depth at the molecular level of cytokine-de-
pendent ADAMTS aggrecanase activity in acute response to 
exercise. The transcriptional responses of ADAMTS-4 and 
ADAMTS-5 reveal that both aggrecanases follow different 
pathways in response to exercise.  

Additionally, an important footnote related to our ob-
servations after complete to the assays was that the horses 
which have got higher ADAMTS-5 but not -4 serum levels had 
called the local veterinarian by an orthopedic problem into 
two or three weeks. There is several limitations need to be 
addressed in this study. First, this is not an experimentally 
induced study, thus hard to take permission from horse own-
ers for the sampled blood twice in one hour. Second, the un-
controllable feeds and additives of horses are restricted to 
statistical explanations of ADAMTS' and other possible inter-
actions. Third, the lack of synovial fluid did not allow to com-
pare the levels with the serum.  

ADAMTS aggrecanases plays a critical role in the follow-
up of horses' joint and muscle health. Indeed, cytokines and 
chemokines secreted from mononuclear cells act as regula-
tors of joint degeneration. According to the results of this 
study, it was concluded that ADAMTS-4 and -5 would to ac-
tivate by different pathways during exercise. However, there 
is a need for further transcriptional and translational studies 
supported by radiological and ultrasonographic findings to 
elucidate the molecular mechanism of the relationship with 
ADAMTS aggrecanases of pro- and anti-inflammatory cyto-
kines, peripheral and synovial mononuclear cells and espe-
cially synovial macrophages in horses. 
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