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INTRODUCTION
The circulation pattern of cartilage biomarkers has been analysed 

in various pathological conditions, including osteoarthritis, 

rheumatoid arthritis and traumatic injury. The relationship  

between various degrees of load intensity in the physiological 

condition and the circulation pattern of biomarkers has also 

been addressed in order to determine the reliability of each 

biomarker.(1-3) This is an important step in the validation process  

of biomarkers, prior to their use in clinical application. Further- 

more, the sensitive relationship between minor changes in  

cartilage structure and serum biomarkers could be used 

for optimising activities to prevent long-term unfavourable 

consequences due to subclinical damage.

 An inclined pathway is generally encountered in daily 

movements and favoured in recreational activities. It is frequently 

used by distance runners for muscle strength training and to 

improve their aerobic activity. However, knowledge regarding 

the consequences of uphill walking on articular cartilage is 

limited, and the circulation pattern of cartilage biomarkers in 

response to long-distance walks up an inclined pathway has 

never been studied. Biomechanical studies have reported that  

the joint reaction forces across the hip, knee and ankle joints  

were significantly increased during movement on an inclined 

pathway.(4,5) The load when walking up an inclined pathway 

is larger than when walking on a horizontal pathway. This is 

because during a walk up an inclined pathway, there is a higher 

degree of joint moment and kinematic response, as substantially 

increased hip flexion and anterior pelvic tilt is needed to raise 

the body’s centre of mass in a vertical direction to raise the  

foot. Knee dynamics display characteristics associated with  

raising and lowering the body weight, as well as the demand on 

ankles for a larger range of motion and strength.(4)

 In this study, the circulation pattern of cartilage biomarkers 

due to a long-distance uphill walk was investigated. The study 

comprised two similar demographic groups that complied 

with either an uphill or horizontal walk under a fixed distance 

and duration, and a controlled degree of inclination. The 

circulation pattern of three potential biomarkers of cartilage –  

serum cartilage oligomeric matrix protein (COMP), serum 

chondroitin sulfate-WF6 (WF6) and serum hyaluronic acid 

(HA) – were studied for a 24-hour duration, including pre- and  

post-activity.

METHODS
A total of 82 healthy individuals (experimental group = 58, 

control group = 24) participated in the present study. All 

participants were informed about the procedures in detail and 

their consent was obtained. The procedures were approved 
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by the Research Ethics Committee of the Faculty of Medicine, 

Chiang Mai University, Thailand. The inclusion criteria for 

the experimental group were: (a) age 18–25 years; (b) free  

from chronic disorders and diseases of the joints, bones, liver  

and endocrine system; and (c) ability to complete a 14-km  

uphill walk. The participants in the control group were age-, 

body mass index- and gender-matched to their experimental 

counterparts. They had to be able to participate in a 

14-km horizontal walk. Professional marathon runners and  

competitive athletes were excluded from the study. 

 Participants in the experimental group walked continuously 

for 14 km on a road with a known degree of inclination (average 

inclination angle: 5.97°, range 2.5°–10.0°), while  participants in 

the control group walked on a level road with a minimal degree 

of inclination (range –0.5° to 1.5°), termed as a ‘horizontal 

walk’. Based on previous inclinable kinematic studies, joint 

loading at the hip, knee and ankle joints was predicted to be 

higher on the uphill walk than on the horizontal walk.(4,5) The 

uphill walk was conducted a day before the horizontal walk, 

so that the average time spent during the horizontal walk 

could be controlled and made similar to the duration of the  

uphill walk. 

 All participants were advised to avoid any vigorous activities, 

including sports and running, two days before the experiment, 

and they were admitted into the research centre the night before 

the experimental date. A fasting morning serum was taken at 

7:30–8:00 am after the participants had been awake for one  

hour (i.e. T1). The activity was started at 8:00 am, and the  

duration for both the experimental and control groups was  

limited to 200 mins. The second blood sample was taken within 

one hour after the activity ended (i.e. T2), and the third blood 

sample was taken at 8:00 am on the following day (i.e. T3),  

under the same conditions as the first sample collection. All 

samples were centrifuged at 6,500 g for 10 mins. The supernatants 

were stored at –20°C until assayed.

 Serum COMP was measured using a commercial enzyme-

linked immunosorbent assay (ELISA) kit (Human COMP®  

ELISA, AnaMar AB, Tyne and Wear, UK). Sequentially, 25 µL 

of 1/10 diluted serum or standard COMP (0.4–3.2 U/L) and 

100 µL of enzyme conjugate were added into the microplate  

wells, which contained anti-COMP. The microplate was 

then incubated on a shaker for 2 hrs at room temperature. 

Detection of conjugated antibody was performed by adding  

100 µL of 3,3’,5,5’-tetramethylbenzidine peroxidase substrate.  

The reaction was stopped after incubation for 15 mins by  

adding 20 µL of 0.5 M sulfuric acid. The absorbance was then 

measured at 450 nm using a microplate reader. 

 Serum WF6 was measured using competitive ELISA 

with a mAb-WF6 standard (i.e. shark cartilage aggrecan at a  

concentration of 19–10,000 ng/mL). The five-fold serum was 

diluted in 6% w/v bovine serum albumin (BSA) in Tris-EDTA  

buffer (0.1 M Tris-hydrochloride, pH 7.4, containing 0.15 M  

sodium chloride, 0.1% Tween 20 and 0.1% BSA),(6,7) and an equal 

volume of WF6 (cell culture supernatant 1:200 dilution) was  

then added into a 1.5 mL plastic tube. These tubes were  

incubated at 37°C for 1 hr before the samples were added into  

the microplate wells, which were pre-coated with the A1  

fraction of the shark aggrecan. The plates were incubated at 37°C  

for 1 hr, after which the wells were washed and 100 µL of 

peroxidase-conjugated anti-mouse IgM (1:2,000) was added  

into the wells. The bound conjugate was detected by  

adding 100 µL of ortho-phenylenediamine. The reaction was 

stopped after 10 mins using 50 µL of 4 M sulfuric acid per 

well, and absorbance was determined at 492/690 nm using a  

microplate reader.

 Serum HA was measured using ELISA-based assay for HA  

using biotinylated HA-binding proteins. Serum or standard HA 

(Healon® Advanced Medical Optics Uppsala Ab, Uppsala,  

Sweden) at 19–10,000 ng/mL in 6% w/v BSA in phosphate 

buffered saline pH 7.4 was added to 1.5 mL plastic tubes 

containing biotinylated HA-binding proteins (1:200 in  

0.05 M Tris-hydrochloride buffer, pH 8.6). After the tubes were  

incubated at room temperature for 1 hr, the samples  

were added into the microplate wells, which were pre-coated  

with 100 mg/mL umbilical cord HA and blocked with 1% BSA  

(150 µL/well). The microplate was then incubated at room 

temperature for 1 hr. After incubation, the wells were  

washed and 100 µL of peroxidase-conjugated antibiotin  

antibody was added in each well. The microplate was then 

incubated at room temperature for another hour. Detection of 

conjugated antibody was done with ortho-phenylenediamine 

substrate.

 All samples were measured in triplicate and the average of 

the three values were used for data analyses. The concentration 

of all serum biomarkers was calculated with reference to a  

standard curve. The identification data of the two groups was 

analysed using Student t-test and chi-square test for continuous 

variables and categorical variables, respectively. All quantitative 

data of serum COMP, WF6 and HA was analysed using a non- 

parametric Wilcoxon rank-sum test. Data was considered to 

be statistically significant if p-values were < 0.05. All statistical 

analyses were performed using STATA software version 10.0 

(StataCorp, College Station, TX, USA).

RESUlTS
The participants in the control group (n = 24) and the  

experimental group (n = 58) shared similar demographic 

characteristics and basic laboratory parameters, including age, 

gender ratio, body mass index, white blood cell count, and 

haemoglobin, serum creatinine, aspartate transaminase and  

alanine transaminase levels (Table I). The average walking 

durations of the control and experimental groups were  

172 ± 8 mins and 174 ± 25 mins, respectively. 

 The biomarker levels measured are presented in Table II.  

While the serum COMP levels between T1 and T2, T2 

and T3, and T1 and T3 were not significantly different in  
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the control group, they were significantly different in the 

experimental group (Figs. 1a & b). When the serum COMP  

levels of the control and experimental groups were compared 

at each time point, the serum COMP level at T2 was found to  

be significantly higher in the experimental group than in the  

control group (Fig. 1c). No significant differences were found  

for the other time points (i.e. T1 and T3).

 Within the control group, the serum WF6 levels between 

T1 and T2, T2 and T3, and T1 and T3 were not significantly 

different (Fig. 2a). However, within the experimental group 

a significant difference was detected between T1 and T3  

(Fig. 2b). No significant difference was observed between the 

serum WF6 levels of the control and experimental groups at  

all time points (i.e. T1, T2 and T3) (Fig. 2c).

 The serum HA levels between T1 and T2, T2 and T3, and  

T1 and T3 within the control group were not significantly  

different (Fig 3a). In the experimental group, however, the  

serum HA levels between T2 and T3 was statistically  

significant (Fig. 3b). When the serum HA levels of the control 

and experimental groups were compared at each time point,  

the serum HA level at T2 was found to be significantly lower  

in the experimental group as compared to the control group  

(Fig. 3c). No significant differences were found for the other  

time points (i.e. T1 and T3).

DISCUSSION
Some cartilage components are released into the synovial 

fluid and circulation when the articular cartilage is exposed to 

load.(8,9) While the patterns of component release have been 

addressed in cartilage explanted models, the levels of cartilage 

components in circulation in response to physiological activity 

are unknown.(10-12) Physiological susceptibility to load during 

an activity involving an inclined plane can be represented by 

comparing the serum biomarker levels of individuals walking 

on an inclined pathway with that of individuals walking on a 

horizontal pathway, under controlled variables. Changes in the 

dynamics of the lower limbs with respect to inclined angles 

have been described in a biomechanical study.(4) Hip flexion, 

knee flexion and ankle dorsiflexion at heel strike increase  

when walking uphill. Greater joint moments and powers due 

to change in the angle of incline have also been reported.(4,5) In  

order to maintain speed when moving up an inclined surface, 

Gottschall and Kram(13) reported a significant increase in the  

propulsive ground reaction force during uphill locomotion,  

Table I. Identification data of patients (n = 82).

Variable Control group (n = 24) Experimental group (n = 58) p-value

Mean ± SD 95% CI Mean ± SD 95% CI

Gender* 0.45
Male 8 – 24 –
Female 16 – 34 –

Age† (yrs) 20 (19–21) 20.32–20.70 20 (19–21) 20.22–20.54 0.35

BMI (kg/m2) 21.04 ± 3.53 19.55–22.53 20.84 ± 3.41 19.94–21.74 0.81

Haemoglobin (g/dl) 14.26 ± 1.69 13.55–14.97 14.34 ± 1.83 13.86–14.82 0.85

WBC (103 cells/µl) 8.21 ± 1.27 7.67–8.75 8.54 ± 1.14 8.24–8.84 0.25

Serum creatinine (mg/dl) 0.81 ± 0.08 0.78–0.84 0.83 ± 0.09 0.81–0.85 0.35

Serum AST (IU/l) 24.72 ± 8.25 21.24–28.20 23.64 ± 6.71 21.88–25.40 0.54

Serum AlT (IU/l) 20.18 ± 8.42 16.62–23.74 18.17 ± 9.31 15.72–20.62 0.36

Duration (min) 172.0 ± 8.0 168.6–175.3 174.0 ± 25.0 167.4–180.6 0.70

*Data is presented as number. †Data is presented as median (range). ALT: alanine transaminase; AST: aspartate transaminase; BMI: body mass index;  
CI: confidence interval; SD: standard deviation; WBC: white blood cell

Table II. Comparison of serum biomarkers between the experimental and control groups.

Serum biomarker Control group (n = 24) Experimental group (n = 58) p-value

Median (SE) 95% CI Median (SE) 95% CI

COMP (U/l)
T1 9.46 (0.41) 7.98–9.67 9.68 (0.38) 9.27–10.80 0.17
T2 10.07 (0.53) 8.11–10.30 12.13 (0.46) 11.90–13.74 < 0.001*
T3 9.22 (0.59) 8.23–10.69 7.99 (0.31) 7.64–8.88 0.35

WF6 (ng/ml)
T1 289.15 (35.00) 255.46–400.28 232.44 (37.35) 267.44–430.30 0.49
T2 192.48 (34.93) 183.36–327.88 260.56 (25.15) 224.17–326.19 0.74
T3 204.87 (38.01) 203.59–361.13 176.63 (18.84) 166.45–236.58 0.17

HA (ng/ml)
T1 74.65 (8.03) 63.98–97.21 64.01 (12.23) 74.23–134.27 0.55
T2 59.77 (5.58) 54.61–77.70 31.89 (4.89) 40.34–87.62 0.005*
T3 91.56 (8.03) 73.56–106.76 96.31 (14.15) 45.85–500.16 0.54

*Data is statistically significant. CI: confidence interval; COMP: cartilage oligomeric matrix protein; HA: hyaluronic acid; SE: standard error;  
WF6: chondroitin sulfate-WF6
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which would result in a greater shear force acting along the  

lower limb joint surface.

 In our study, a higher circulating serum COMP level from 

baseline was detected immediately after both the horizontal  

and uphill walks (the increase was not significant for the  

horizontal walk), and the serum COMP level was significantly 

higher in participants who did the uphill walk than in those who 

did the horizontal walk. This increase in serum COMP level 

did not last for more than 24 hours after the activity. Serum 

COMP level is sensitive to the load that increases due to the 

body being raised in a vertical direction. Changes in serum  

COMP level was also reported in other hyperphysiological 

activities, including weight-bearing exercises, running and 

marathon running.(3,14,15) The increase in COMP level was 

Fig. 2 Comparison of the serum chondroitin sulfate -WF6 levels at the dif ferent t ime 
points: (a) within the control group; (b) within the experimental group; and (c) between 
the control and experimental groups. An asterisk (*) indicates a statistically signif icant 
dif ference.

S
er

um
 W

F6
 c

on
ce

nt
ra

ti
on

 (
ng

/m
l)

800

0

control
experiment

T1 T2 T3 T1 T2 T3

08:00 (T1) 12:00 (T2) 16:00 20:00 04:00 08:00 (T3)

2a Within the control group 2b Within the experimental group

2c Between the control and experimental groups

400

200

600

24:00

800

0

400

200

600

Fig. 1 Comparison of the serum cartilage oligomeric matrix protein levels at the different 
t ime points: (a) within the control group; (b) within the experimental group; and (c) 
between the control and experimental groups. An aster isk (*) indicates a statistically 
signif icant dif ference.
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usually detected immediately after the exercise protocol, with 

the highest detected level depending on the load intensity 

and duration of physical exposure. The time taken for the 

serum COMP level to return to baseline level after exposure to  

physiological activity was as follows: (a) within 30 mins after 

walking exercise;(2,14) (b) up to 24 hours after marathon running 

(i.e. 42 km); and (c) five days after ultramarathon running (i.e. 

200 km).(3,15) Table III shows the comparative information of the  

specific physiological activities that affect serum COMP 

level. Sustained high serum COMP level was found 

in progressive extracellular matrix degradation due to 

impact injury or joint instability. Kühne et al found that  

serum COMP levels were significantly elevated in both 

early (less than two months after injury) and late (more 

than two months after injury) presentations of traumatic  

knee injury.(17)

 Currently, there is scant literature regarding changes in 

proteoglycan levels (from either synovial fluid or serum) with 

Fig. 3 Compar ison of the serum hyaluronic acid levels at the dif ferent t ime points:  
(a) within the control group; (b) within the experimental group; and (c) between the  
control and experimental groups. An aster isk (*) indicates a statistically signif icant  
dif ference.
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Table III. Studies comparing the susceptibility of serum cartilage oligomeric matrix protein levels to various loads and types of 
physical activity.

Study, year Type of activity Population, age (yr) Intensity:  
distance/ 
duration

Point increased marker 
recorded (% change 
from baseline)

Return to 
baseline* (hr)

Neidhart et al,  
2000(15)

Marathon Trained runners, 25–34 42 km 31 km (64)  
42 km (76)
2 hrs† (82)

24

Mündermann et al,  
2005(2)

Walk Healthy, 26–37.8 30 min IM (9.7) > 6

Andersson et al,  
2006(1)

WB Ex Osteoarthritis, 36–65 60 min IM (10.5) 0.5

Kim et al,  
2009(3)

Marathon Trained runners, 44–54 42.2 km 10 km (60) 48
Ultramarathon Trained runners, 45–59 200 km IM (90) 144

Mündermann et al,  
2009(14)

Walk Healthy, 44–71 30 min IM (5.6) 0.5–1.5
Walk Osteoarthritis, 40–74 30 min IM (6.3) 0.5–1.5

Neihoff et al,  
2010(16)

Run Healthy, 26–28 30 min IM (39) 90
KB Ex As above‡ As above‡ NC -
LD Ex As above‡ As above‡ NC -

Present study Uphill walk Healthy, 19–21 14 km IM (25.3) 24
Horizontal walk Healthy, 19–21 14 km NC -

*Time measured from the start of the activity. †After completion of the marathon. ‡Same study population as the Run group.
IM: immediately after activity; KB Ex: knee-bending exercise; LD Ex: lymphatic drainage exercise; NC: no significant change; WB Ex: weight-bearing exercise
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regard to physiological and hyperphysiological activities.  

However, a significantly higher level of proteoglycan aggregan 

has been found in patients who have a pathological condition 

due to a traumatic knee injury; both Hazell et al(18) and  

Lohmander et al(19) found a significantly higher level of  

proteoglycan components in the synovial fluid of knees 

with anterior cruciate ligament (ACL) injury than in normal  

contralateral knees. Pruksakorn et al reported sustained 

high serum WF6 levels in patients with ACL injuries when 

compared to healthy matched controls.(20) In the present 

study, we did not detect any significant change in the level of 

circulating WF6 in response to an uphill walk. Presumably, the  

increased joint reaction force across the hip, knee and ankle from 

an uphill walk would cause a structural change in the collagen 

molecules, leading to a temporal increase in the serum COMP 

level. A transient high serum COMP level and an undetectable 

change in serum WF6 level were considered to be a reversible 

physiological change of articular cartilage that is susceptible  

to uphill walks.

 HA is a high-molecular-weight glycosaminoglycan  

composed of extracellular matrix structure, and serum HA has  

been extensively studied as a biomarker for osteoarthritis.(21)  

Increased serum HA level is an indicator of synovial  

inflammation and cartilage degradation. In the present study,  

serum HA had a similar pattern of change in both the control  

and experimental groups; the serum HA levels of both groups 

decreased immediately after the activity (i.e. T2) and returned  

to the baseline level 20 hours after the activity (i.e. T3). At T2,  

the serum HA level of the experimental group was significantly 

lower than that of the control group. This change in the serum  

HA level (i.e. a decrease) was opposite to the change  

observed in the serum COMP level (i.e. an increase). The  

temporary change in the level of serum HA depends on the  

pharmacokinetic change in HA level due to physiological  

response rather than cartilage structure change.(22-24) The  

extravascular pool of HA from the lymphatic circulation can  

be rapidly transported into the circulation during exercise  

(enhanced during muscular contraction); it can also be  

transported into the circulation from the pulmonary lymph flow  

when induced by hyperventilation.(25) A previous study  

reported that the magnitude of post-exercise serum HA  

clearance was proportional to the exercise-induced increase  

in serum HA, which is related to the level of exercise intensity.(26)  

This was also demonstrated in the present study, where HA  

level was found to be susceptible to activities with a higher  

load intensity. 

 An optimal load provides nutrition and enhances metabolic 

homeostasis to cartilage tissue. It is also necessary for cartilage 

generation and healing. An increasing load on the weight- 

bearing joint results in various degrees of subclinical change to 

articular cartilage. Based on the findings of the present study,  

the circulation pattern of serum biomarkers could have a  

possible role in the prediction of cartilage susceptibility to load  

during uphill walks; it could also be used to follow up on the  

subclinical changes of cartilage structure with further  

exploration. One limitation of the present study was the fact  

that the level of serum biomarkers was not monitored beyond  

24 hours. This information could be an important contribution  

to the knowledge regarding serum biomarker susceptibility in 

uphill loading. 

 In conclusion, the uphill walk in this study resulted in an  

overall increase in the joint reaction forces across the articular 

cartilage of the weight-bearing joint. Serum COMP and HA  

were found to be sensitive for detecting changes in the  

intensity of the load, whereas there was no significant change  

in the serum WF6 level. The increased level of serum COMP  

could represent the susceptibility of articular cartilage to 

increasing load. An unsustainable, high serum COMP level and 

an undetectable change in serum WF6 level were considered  

to be a reversible physiological change of the articular  

cartilage. On the other hand, the change in the level of serum  

HA was related to intensive physical activity and dynamic 

clearance rather than change in cartilage structure.
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