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Abstract: Matrix metaloproteases (MMPS) belong to a main group of proteases which have roll in extracellular
matrix degradation. Their activities such as wounds healing and angiogenesis are very important in
physiological conditions, but they are transient and under the control of endogenous blockers. The aim of this
research was to investigate effects of one exhaustive endurance exercise session on MMP2 and MMP9
activities (the most complex and the most abundant enzymes) in male well trained and untrained peoples. 11 elite
male endurance runners with age 22.27±3.87; Vo2max 60.68±6.19 and 10 untrained male subject with age 23±4.04;
Vo2max 37.90±5.90 participated voluntarily in this research. Blood samples were collected from two groups in
three phase which they include: basal levels (20 minutes before exercise), 20 and 24 hour after end of exercise.
Then the variables were measured by means of gelatin zymography technique and collected data were analyzed
with ANOVA and post-hoc and independent T student tests. The result showed that blood MMP2 and MMP9
levels increased following of one exhaustive aerobic activity session (P<0.001). It should be noted that despite
of significant decrease of MMP2 and MMP9 levels after 24 hour (P<0.001), but their levels were higher than
basal levels (P<0.001). In all phases of measurements, changes of MMP2 and MMP9 activities in non-athletes
were similar to those in athletes but none of these changes were significant. Moreover, athletes MMP2 and
MMP9 activities in pre-exercise, 20 and 24 hour after exercise were significantly higher than non-athletes
(P<0.001).  With  increasing  MMPS  activities  inflammatory  responses  to  physical and mechanical stimuli
(one  session  of  exhaustive  exercise)  has  been  started  in  both of subjects (well trained and untrained)
which continued up to 34 hours after exercise. In seems that, the rate of mentioned inflammatory indices
responses is dependent on the duration and intensity of the exercise.
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INTRODUCTION Each MMP targets a specific substrate, thus, the

Matrix metalloproteinases (MMPs) are a family of location-specific manner to orchestrate membrane
nine or more highly homologous Zn++- endopeptidases remodeling and adaptation [7, 8].
that  collectively  cleave  most  if  not  all of the Of the MMPs that have been characterized thus far,
constituents of the extracellular matrix. MMPs in the MMP1 (Collagenase 1), MMP2 (Gelatinase A), MMP3
circulation are thought to modulate the activation of (Stromelysin 1) and MMP9 (Gelatinase B) play critical
growth factors, cytokines [1] and angiogenesis, roles in cleaving muscle-specific proteins and assisting in
facilitating  physiological  adaptations  to  exercise extracellular matrix formation, remodeling and regeneration
training [2, 3]. The MMP families of enzymes contribute to in skeletal and cardiac muscle, as well as the surrounding
both  normal  and  pathological  tissue  remodeling [4 -6]. vasculature [4, 9].

appropriate MMP must be released in a time- and
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Certain   stimuli,   particularly   those   that  induce This research was conducted at Tehran Medical
high levels of mechanical stress such as eccentric or high-
impact exercise activate the local production of MMPs in
skeletal muscle. It is generally accepted that MMPs
function in skeletal muscle to process extracellular matrix
(ECM) proteins, assisting in matrix  degradation and
repair, while those released into the circulation facilitate
angiogenesis [10-15]. MMPs in the circulation are also
thought to modulate the activation of growth factors and
cytokines through degradation of their precursors,
binding proteins and inhibitors [2, 10, 16].

Although investigators have explored the effects of
an  acute  bout  of  exercise   on   MMP  concentrations in
skeletal  muscle  and plasma, the effects of exercise
training on circulating MMP concentrations have not
been elucidated [17-20]. Since serum concentrations of
MMPs are reported to peak within a relatively short time
period following  a single bout of exercise, it is possible
that post-training serum concentrations of MMPs
represent the effects of repeated bouts of exercise that
have initiated adaptive responses in skeletal muscle. To
this end, it is not known whether different exercise
training programs, to include one that incorporates
machine-based resistance exercises and one composed of
aerobic and bodyweight exercises such as pull-ups, push-
ups and sit-ups, promote different MMP responses [5, 21-
23]. Such information would be valuable in understanding
whether the type of exercise and the specific MMP
response plays a role in mediating physiological
adaptations to exercise training. Additionally, previous
investigations  have  only  focused  on  one  or  two
MMPs and the effects of exercise on circulating
concentrations of the various MMPs have not been
elucidated [5, 13, 19, 24].

Related to immune response cells such as
granulocytes, monocytes - macrophages, lymphocytes
and other inflammatory intermediates such as acute phase
proteins and different types of sporting activities
Cytokins, much research done and a lot of information are
available [19]. Discussion of proteinase Matrix
metalloproteinases, particularly as the final ring long chain
reaction and cell mediated immune and inflammatory
response to various sports activities, is brand new and
few studies have been done in this area and the same
theory about them does not exist. In continuation of these
efforts, the researchers intend to compare the ways of
activity of two type of proteinase enzymes MMP9 and
MMP2 (most complex proteinase) during a pathologic
process in the trained subjects (with long-term adaptation
to exercise) and untrained or non-athletic persons
(without adaptation to exercise).

institution. The main aim of this study was to evaluating
the response of some Matrix metalloproteinases (MMP2
and MMP9) reaction to one period of exhaustive aerobic
exercise in athletes and non athletes.

MATERIALS AND METHODS

Eleven elite male athletes (endurance runners with
VO2max$ 55 ml/kg/min) and 10 non athletes matched
evenly for age, were recruited. The protocol used in this
study was reviewed and approved by Tehran University’s
Institutional Review Board prior to participant recruitment
and all participants provided written informed consent
prior to beginning the study. As assessed by a medical
history questionnaire, each participant was free of
cardiovascular and neurological diseases, severe
musculoskeletal injuries and low back pain. Participants
attended  having  performed no vigorous exercise in the
24 hour  prior  to  testing  and  with diet standardized for
48 hour proceeding in each test. Participants had all
experimental methods explained to them and participated
in this experiment after giving their free and voluntary
informed consent. All were pre-screened via a health
history questionnaire and an examination by a physician.
The caliper and YMCA suggested method used for
subject's body fat percent measuring. One week prior to
the start of the training programs, each subject
participated in a Bruce test and a series of exercises
designed to assess physical performance (maximal oxygen
consumption [VO2 max].

Bruce Test: The Bruce treadmill test protocol was
designed in 1963 by Robert. A. Bruce, MD, as non-
invasive test to assess patients with suspected heart
disease. In a clinical setting, the Bruce treadmill test is
sometimes called a stress test or exercise tolerance test.

Today, the Bruce Protocol is also one common
method for estimating VO2 max in athletes. VO2 max, or
maximal oxygen uptake, is one factor that can determine
an athlete's capacity to perform sustained exercise and is
linked to aerobic endurance. VO2 max refers to the
maximum amount of oxygen that an individual can utilize
during intense or maximal exercise. It is measured as
"milliliters of oxygen used in one minute per kilogram of
body weight" (ml/kg/min).

The Bruce Treadmill Test is an indirect test that
estimates VO2 max using a formula rather than using
direct measurements that require the collection and
measurement of the volume and oxygen concentration of
inhaled and exhaled air. This determines how much
oxygen the athlete is using.
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The Bruce Protocol: The Bruce Protocol is a maximal MMP Multiplexed Analysis: Circulating serum MMP
exercise test whereas the  athlete  works  to  complete concentrations were analyzed using a commercially
exhaustion  as  the treadmill speed and incline is increased available multiplex bead-based antibody sandwich assay
every  three minutes (See chart). The length of time on the (R&D Systems, Inc., Minneapolis, MN) which combined
treadmill is the test score and can be used to estimate the color-coded  microparticles  (coded  for  each analyte)
VO2 max value. During the test, heart rate, blood pressure with lasers and flow cytometry to quantify analyte
and ratings of perceived exertion are often also collected. concentrations in 15-l of serum. Color-coded microspheres

Bruce Treadmill Test Stages: phycoerythrin conjugate bound to the biotinylated
Stage 1 = 1.7 mph at 10% Grade detection antibodies on the spheres was excited by a
Stage 2 = 2.5 mph at 12% Grade second laser which quantified the amount of antigen
Stage 3 = 3.4 mph at 14% Grade present in the samples. Median fluorescence intensity
Stage 4 = 4.2 mph at 16% Grade from each bead set was calculated and translated to a
Stage 5 = 5.0 mph at 18% Grade concentration. The MMP kit was reported to have
Stage 6 = 5.5 mph at 20% Grade sensitivities of 4.4 and 25.4pg/ml for MMP-1 and -2
Stage 7 = 6.0 mph at 22% Grade respectively. Samples were run in duplicate and intra- and
Stage 8 = 6.5 mph at 24% Grade inter-assay coefficient of variations (CVs) for the MMP
Stage 9 = 7.0 mph at 26% Grade panel were <10%. All samples were analyzed on a Luminex

The Bruce Protocol Formula for Estimating VO2 Max Masterplex QT Software version 2.5 (MiraiBio, Inc.,

C For Men VO2 max = 14.8 - (1.379 x T) + (0.451 x T ) -2

(0.012 x T ) Data Analysis: When the ANOVA revealed a significant3

 C For Women VO2 max = 4.38 x T - 3.9 F ratio, a sheffe HSD post hoc test was employed to
 C T = Total time on the treadmill measured as a fraction determine statistical differences. There was one ANOVA

of a minute (ie: A test time of 9 minutes 30 seconds ran for the exercise induced MMP response and another
would be written as T=9.5). ANOVA ran for the basal MMP concentrations. Also

Because this is a maximal exercise test, it should not Statistical analyses were performed using SPSS (SPSS, v.
be performed without a physician's approval and without 15.0;  Chicago, IL). All data are presented as mean± SE.
reasonable safety accommodations and supervision. An alpha level of P= 0.001 was considered statistically

Blood Sampling: Basal blood draws were collected at company product) were used for evaluation of
baseline, 20 min after and 24 hour after training via densitometry.
venipuncture. Blood samples were also collected during
the Bruce using an indwelling venous catheter (pre, 20 RESULTS
min after and 24 hour after Bruce). Serum concentrations
of MMPs were corrected for albumin to account for Mean and standard deviation of athletes and non
plasma volume shifts. athlete's demographic data'sare shown in Table 1.

were identified by one laser and streptavidin-

200 System (Luminex Corporation, Austin, TX) using

Alameda, CA).

independent t test was used between group comparisons.

significant for all data. Also Lab works software (UVP

Table 1: Mean and standard deviation of athletes and non athlete's demographic characteristics 

Group
------------------------------------------------------------------------------

Variables Athletes Non Athletes

Age (years) 22.27±3.870 23±4.03
Weight (Kg) 62.02±3.040 74.14±12.56
Height (Cm) 171.63±4.680 175.30±5.05
BMI (Kg/m2) 21.12±1.810 24.10±3.77
Body Fat (%) 9.72±1.410 19.12±5.61
VO2 max (ML/Kg*min) 60.68±6.190 37.9±5.90
Maximum heart rate in exhaustion phase (beats per min) 203.18±12.66 213±7.45
Time for reaching to exhaustion (Minute + second) 16.64±1.870 10.64±1.49

There arn't significant differences between two groups demographic characteristics
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Table 2: Mean changes of MMPs activity in subjects during different measurement phases.

MMP2 (Ng/ml) MMP9 (Ng/ml)
Variables ----------------------------------------------------- --------------------------------------------------------
Phases Subjects Athletes Non Athletes Athletes Non Athletes
Phase 1
30 min before activity M 73977.27 66343.800 74038.45 66411.100

SD 3267.492 2858.730 3259.190 2862.278

Phase 2
20 min after activity M 92900.55* 68400.100 92971.45* 68474.600

SD 3507.314 3074.503 3509.070 3080.031
Phase 3
24 hour after activity M 79172.55* 66712.200 79296.18* 66776.000

SD 3382.586 2995.052 3532.713 2978.950

C Significant differences (p< 0.001)
MMP2 and MMP9 activity in athletes have a significant increase immediately after the exhausting activity and also have significant decrease in the next day.
But still compared to basic conditions (30 minutes before activity) is significantly improved. While non-athletes also change the amount of MMP2 and MMP9
activity was similar to athletes and did not show any significant changes

Fig. 1: Mean value of MMP2 in subjects during three different phases

Fig. 2: Mean value of MMP9 in subjects during three different phases

DISCUSSION AND CONCLUSION With  activation  and expression of these collagen

In recent years, scientists have a lot of attention to microanatomical structure will be damaged. Research
extra cellular catalyze enzymes or Matrix metaloproteases results show that decomposition of extracellular matrix
context.  In normal body tissues, analysis and synthesis components under physiological conditions Such as
of extracellular matrix components in the balance and to embryo development, wound healing and de-vein
maintain this balance, small amount of metaloproteases phenomenon and etc is Important and necessary, but
expression are in most cells, but But their activity is highly temporary and transient and locally controlled, but such
controlled. kinds  of  diseases and pathologic processes of microbial

and gelatin parser enzymes, body tissue and
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and chemical stimuli, subsequent physical and mechanical examining the above Beta-glucuronidases was important
stresses such as heavy types of sports activities, indicator of muscular damage. In this study, the rate of
Inflammatory  response  by  activation  of histamine or change MMPs have been attributed to severely of
pre-inflammatory cytokines, Such as types of interleukin, Myofibrils injury damaged [5, 25, 26].
alpha and beta tumor necrosis factors, alpha and beta and Ali Carmeli and Myrmas and colleagues [ 27-31]
gamma interferon's and free radicals such as nitric oxide showed that the emergence rate of MMP3 and MMP9 in
activities started and by stimulating the production of fast twitch fibers of mice quadriceps, Solealus and
proteinase, hydrogen peroxide and phospholipids and gastrocnemius muscles and the activity of these indexes
with the aim of breaking the necrotic tissue, leading to in sinovial fluid liquid of ankle and feet will remain
inflammatory processes stimulation [2, 25]. unchanged, While the high-intensity activity increased

Between inflammatory indices mentioned above, the rate of MMP2 emergence (protein levels and mRNA)
proteinase; the final loop, as long chain reaction and cell in mice, but had no effect on MMP9 [27-31]. Also, the
mediated immune and inflammatory responses to their amount of TNF- á of pre-inflammatory cytokines and
various sports activities is brand new and few studies stimulating the emergence of MMPs showed a significant
have been done in this area and single theory about them increase in the hours after exercise. As reported in the two
does not exist. above studies, the emergence and activity of MMPs

In continuation of these efforts, the present study correlated with intensity of Endurance activity and type
and most sophisticated type of reaction metaloproteases of muscle fibers and physical activities with medium
(MMP2 and MMP9) in response to one session of intensity can not increase the MMPs activity. Physical
exhausting activity (Bruce protocol) has been compared. activity that leads to skeletal muscle injury is increased

In the present study, MMP2 and MMP9 activity in stimulation to MMPs emergence [3, 32].
athletes have a significant increase immediately after the Also, research that studied the matrix
exhausting  activity  and  also have significant decrease metaloproteases  after  physical activity, are very low.
in  the  next  day. But still compared to basic conditions Rate of rise of MMP9 in muscle Vastus Medius
(30 minutes before activity) is significantly improved. subsequent training showed significant increase
While non-athletes also change the amount of MMP2 and [13,33,34]. Also MMP2 activity in some studies after
MMP9 activity was similar to athletes and did not show exercise  implementation  has remained unchanged and
any significant changes. the MMP2/ TIMP-2 (Collection of MMP2 and inhibitor of

Also, Comparison of activity of MMP2 and MMP9 in its tissue proprietary) complex and muscle damage index
two groups showed that in all three phases (base state or (CK) significantly increased [35]. But, in some research,
30 minutes before activity, 20 minutes and one day after MMP2 activity has been shown increase following Bruce
the activity) the activity of mentioned matrix Protocol [30]. Based on the results of some studies,
metaloproteases in athletes was significantly higher than despite the increase in CK activity after the impact
non-athlete. activity, MMP9 levels did not change but, But the

According to some research results, the rate of synthesis of collagen type IV decreased temporarily after
emergence of MMP2 (protein levels and MMP2 mRNA) both types of contact and non contact activities [17].
have significant increasing in the plantar muscles of 6 The only study that has been shown reduced MMP9
months age mice and after two weeks of high intensity activity following the 12-week endurance training, related
exercise in trained mice. While in the group that their legs to research of Niessener and colleagues [2, 3, 5] that was
had been closed for two weeks, similar results were performed  On  32  subjects with coronary heart disease.
observed  with  exercise  group.  Also,  slow  twitch  and In this study, the amount of IL-8 decreased and IL-6 and
fast  (Iib)  twitch  fibers  cross  section  of  plantar CRP remained unchanged. But in implementation of this
muscles of immobile mice showed increase and decrease study, subjects simultaneously used from Stalin's anti-
respectively [2]. inflammatory drug [21].

Results of some studies showed that MMP2 activity So  results  of  this  study  all  is  well  in  line  with
in laboratory mice quadriceps and soleus muscle have limited  research  that  the  years   2001   to   2007  in
significant  increase,  followed by a session running on relation   to   inflammatory   markers,   particularly
the slope and in the portion of the muscles that have  proteinase reaction to sports activities have been done
lower injury intensity, MMP2 have little change. In [2, 3, 5, 13, 15, 18, 20, 29, 30].
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The results of this study showed that even 24 hours REFERENCES
after activity as exhaustive Bruce protocole, inflammation
and the resulting inflammatory response indicators that
MMP2 and MMP9 was still not returned to normal and
inflammatory response in non athletes, similar but weaker
than athletes in two stages after the work based on
previous findings can be attributed to less time and
intensity of exhaustive activity implementation. As can be
seen in Table one, the average time to reach in exhaustion
in athlete's 16.64±1.87 minutes and 10.64±1.49 minutes in
non-athletes.

In previous studies, emphasis has been the
emergence of MMPs activity and intensity endurance
activities, the severity of muscle fiber type and Myofibrils
damage is directly related and moderate exercise can lead
to significant change in MMPs [3, 5, 32]. But the
important point is that in the variety of sporting activities
in the type of intensity and duration, the basis of the
inflammatory response starting based on inflammatory
cytokines such as IL-1, IL-6,IL-8, TNF- " and ... and ells in
the body to deal with pressures, to achieve consistency
in their effort to start [2, 14, 21, 32]. High levels of MMP2
and MMP9 activity in athletes in the base state can be
argued, based on a questionnaire completed by all
subjects and large company experience training athletes
in the national and continent, from one side of probability
adjustment from endurance training a few years
Angiogenesis Phenomena and tissues turn over and on
the other side, tolerance of joint and muscle damage in
various parts of the body and inflammation resulting from
this damages for their remodeling cause such differences.
Previous studies as well as reported high levels of MMPs
activity in athletes of various sports disciplines such as
baseball, tennis, squash, softball, weightlifting [36] and
track  and  field  and also, their role in tissues
angiogenesis [8, 11, 24] and turn over and joints& tissues
repair [9, 36, 37] were reported.

Based on the results of this study concludes that a
Bruce exhaustive activity, causing an inflammatory
response and significant change in the activity of
metaloproteases matrix (MMP2 and MMP9) is that a day
after both, the inflammatory activity continues. Therefore,
the results of this experiment, should not to ignore the
effects of these heavy activities and deleterious effects of
activating  metaloproteases  matrix (MMP2 and MMP9),
as the main indicator of inflammatory and destructive
extracellular matrix in the incidence of tissue damage,
arthritis and various diseases in the long term.
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