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Abstract

Purpose: Serum Alkalin phosphatase (ALP) is an osteoblastic protein whose levels may be affected by
exercise. Research has shown that exercise may increase bone density through increasing the level of bone
constitute markers such as calcium, phosphor, and ALP. The aim of the present research was to compare the
markers of the bone metabolism (calcium, phosphor, and ALP) between 20-35 year-old female basketball
players and non-athletes in Golestan province.

Material and Methods: 12 female, professional basketball players and 15 non-athletes participated in this
study as the experimental group and the control group respectively. To study the intended markers, 5 cc of
blood was collected from the archival vein of the participants in a sitting position. To analyze the data, shapiro
wilk, mann whitney u and independent T-test were used. SPSS software version 18 was used to analyze the
data. The significance level was set at p<0.05.

Results: Data showed a significant increase in the ALP level of the experimental group (p=0.001) but no
significant difference was observed in the calcium (p=0.792) and phosphor (p= 0.905) levels between the two
groups.

Discussion and Conclusions: According to the results, different intensities of exercise may improve and
maintain the level of bone osteoblastic proteins and bone formation stimulating factors such as ALP.
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Introduction

Osteoporosis has been one of the main human
health problems in the last three decades and is
known as one of the four social enemies of human,
and an important problem in general health. It is a
systematic bone problem in adults in which bone
intensity and the levels of the bone minerals in bone
matrix decrease, leading to more frequent bone
fractures [1]. This problem develops in different
people, indicating that it has different reasons.
Different factors influence bone density: genetics,
gender, race, age, hormones, nutrition, calcium
intake, exposure to sunlight, physical activity and
weight [2]. Analyzing the level of biochemical
markers of bone formation is an important clinical
measure to study the reasons of this problem [3].
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According to the literature, some of the serum
markers of bone metabolism such as ALP, calcium,
and phosphor can be used to study dynamic
changes in bones and their metabolic response to
physical activity [4]. ALP-B is one of the bone
formation markers and acts in PH between 4-10. It
is found in many tissues such as bone, liver,
intestine, and kidney.

Osteoblasts are a great source of ALP and their
serum levels reflect osteoblastic activity. ALP also
plays an important role in calcium sediment in long
bones. It also hydrolyses ester phosphates and
transfers them to the matrix of developing bones.
ALP becomes significantly active after bone
fractures and breaks [5, 6]. Physical activity makes
ALP exert anabolic effects on bone metabolism on
one hand, and on the other, increases calcium
reserves in bones [7, 8]. Lester et al (2009)
observed that a combination of aerobic and weight
training for 8 weeks stimulated bone formation
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markers [6]. Roodberg et al reported an increase in
Alp levels after 30 -40 minutes of moderate running
[8] and Valsse et al found the same results after 2
hours of pedaling at 80% of VO2 max [9].
However Ashizava et al observed a decrease in
ALP-B, 2 to 3 days after weight training [10].
Although genetics determines maximum bone
intensity to 80%, environmental factors such as
physical activity play an important role in reaching
that threshold. Maximum bone density and age-
related bone erosion are important factors in
osteoporosis in adults. Bone fracture risk in old age
increases with the decrease in bone density [11].
According to a mechanical theory bones increase their
mineral density in response to the load they bear. The
unit of exposed load to bone is micro-strain and 1000
micro-strain is a force that increases bone length to
0.1% as a result of mineral absorption. The amount of
stress on the bone may lead to four conditions. There
would be no bone formation where the amount of
load is less than 50 to 200 micro-strain. In this case
the amount of bone minerals decreases which is a case
seen in people who have had long rests or were
hospitalized for a long time. 200 to 2000 micro-strain
is enough to maintain bone density, 2000 to 3000
micro-strain  stimulates bone formation, growth, and
increases bone density while loads greater than 4000
micro-strain are not safe for bones and usually lead to
malapropos bones [12, 13]. Weight bearing activities
(activities with lots of jumps and springs) which
demand overcoming the gravity [14] put more
mechanical stress on the bones, increasing their
mineral content. Grikton et al [2001] studied the
relationship between the exerted stress on the bones
and their mineral density in female athletes. The
participants were classified into four groups: high
weight bearing basketball and volleyball], moderate
weight bearing (football and track and field), non-
weight bearing (swimming), and control group.
Results showed that participants in the high weight
bearing group had higher mineral density in neck
femoral. Also mineral density of those in the
moderate weight bearing group was higher compared
to non-weight bearing and control groups. These
findings show that athletes involved in high weight
bearing sports have higher BMD compared to other
athletes such as swimmers and non-athletes [15]. In
general, nearly 120 million people suffer from
osteoporosis 80% of whom are women. Osteoporosis
development is slow and irreversible, and speeds up
with aging. Unfortunately there is still no effective

and safe cure for osteoporosis [16]. Understanding
bone metabolic responses to physical activity would
help in developing beneficial strategies to maintain
and increase bone density. As exact mechanisms of
interaction between physical activity and bone
metabolic markers are still unknown on one hand, and
on the other, not enough attention has been paid to
studying bone metabolic markers in young women
before menopause, the present research aims at
comparing the effects of weight bearing exercises on
calcium, phosphor, and serum APL levels in 20 to 35-
year old, female, basketball players and non-athletes
in Golstan province.

Material and Methods

The statistical population and sample of the study

The statistical population of this semi-
experimental study included all the female
basketball players in the Golestan Super League
among whom 12 players, aged between 20 to 35
years, with at least 3 years of basketball training,
volunteered to participate in this study. 15
individuals from the qualified people were also
randomly selected as the control group.
Participation criteria included cardiovascular
health, lack of any disease, lack of hormonal
disorders, and taking no medications at least one
month before the study.

Data collection

5 cc of blood was collected from the archival
vein of the participants while they maintained a
sitting position. After plasma separation (containing
EDTA) the samples were processed for further
analysis. All the analyses were done using the
Selectra and auto analyzer device and ELISA Kkits
(made in France).

Data analysis

Descriptive statistics was applied to summarize
and classify the characteristics of the participants.
Then shapiro wilk test was used to examine the
homogeneity of the data and mann whitney u and
independent T-test were applied to compare the two
groups. All the analyses were done using SPSS
software version 18 and the significance level was
set at p<0.05.

Results
Table 1 shows the demographic characteristics of
the participants. Table 2 demonstrates the results of
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mann whitney u test for calcium and phosphor and
those of the independent t-test for the APL. As
shown in table 2, APL levels in the experimental
group were significantly higher in comparison to

Tablel : Demographic characteristics of the participants

the control group (p=0.001). Calcium (p=0.792)
and phosphor (905 .0=p) levels were also higher in
the experimental group but this differences were
not significant.

mean =+ sd No variables
25.25 +4.827 12 experimental A
25.67+4.467 15 control ge (year)
173.75 + 5.065 12 experimental Height
161.67 £5.790 15 control (meter)
66.33+£8.105 12 experimental .
60.80£9.329 15 F ontrl Weight (ke)

Table 2: Comparison of mean changes (ALP, Ca, P) in the control and experimental groups

P mean + sd No variables
value
128.67+£20.656 | 15 control
001 165.42 £32.506 | 12 | experimental ALP
9.4533 +.47188 | 15 control
792 9.5583 £21515 | 12 | experimental | *°
905 3.2933 +.46823 | 15 control p
) 3.3917 +.3872 12 | experimental

Discussion and Conclusion

Results from the present study showed that APL
levels were significantly higher in the experimental
group who participated in basketball league of
Golestan province at least for 3 years , as compared
to the control group (p=0.001). These findings were
in line with those of Beekley et al (2005) [17],
Kemmler et al (2007) [18], Bagheri et al (1388)
[19], Tartibian et al (2009) [20] and Lester et al
(2009) [6] but contradicted the findings of Beije et
al (1390) [21], khorshidi et al (2011) [22], and
Magkos et al (2007) [23] APL is one of the main
markers of bone formation, sensitive to physical
activity, illness and menopause. This enzyme
catalyses the hydrolysis of organic phosphates in
alkaline PH and is strongly related to bone
calcification. This enzyme is also a marker of
osteoblastic activity, and is necessary for bone
mineralization. APL level represents the amount of
osteoblastic activity and this can be used as a
marker of bone formation [17, 24, 25]. The results
of the present study indicated that exercise training
in the experimental group positively correlates with
the ALP serum levels and may increase bone
calcification, bone formation or mineralization
(mechanical stress theory). On the other hand

results from the present study supports the theory
that bone markers reflect different phases of
osteoblasts proliferation and reaction [26].

In their study Kevin et al (2002 ) found a
significant increase (7.1 %) in the APL level after
24 weeks of intense weight training. Magkos et al
(2007) also reported that swimmers had lower
BMD as compared to other athletes and the control
group. They also reported that bone density of the
sprint runners group was not very different from
that of the control group but was significantly
higher compared to the endurance group.

In general they claimed that endurance athletes
had lower bone mineral density compared to the
control group [23]. Lack of consensus in this regard
could be due to differences in type, intensity, and
duration of the physical activity, and the
participants’ gender. Factors such as intensity, type
and duration of the physical activity affect calcium
serum levels. In the present study calcium serum
levels were higher in the experimental group as
compared to the control group but the difference
was not significant. This is in line with the findings
of Beije et al [21], Maimoun et al [28], Guillemant
et al [29], but contradicts those of Ebrahim et al
[30], Tofighi et al [31], and Barry et al [32]. The
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effect of calcium as an important marker of bone
metabolism in increasing bone density could be
related to the decrease in bone turnover and
osteocalcin (as a marker of bone turnover), that
may increase bone density [33,34].

In general long term, regular physical activity at
an appropriate intensity, leads to bone stimulation
through increasing calcium absorption in intestine,
and decreasing its urine excretion, leading to
increased levels of this ion in the serum. On the
other hand according to increase in ALP, calcium
transfer from extra cellular fluid to bone osteoids,
increases and leads to building new bone cells
[20,33].

Kemmler et al ( 2007) studied the effects of
long-term exercise, stretching, and intense aerobic
exercise on the BMD of pelvic and cervical
vertebrae of 40 women and observed an increase in
the BMD and a decrease in the rate of bone
density loss, in the experimental group as compared
to the control group [35]. Some research has shown
that, exercise-induced, regular pressure on bones
stimulates osteblasts and leads to bone calcification
[7,33].

The results of the present study showed an
insignificant increase in the phosphor levels of the
experimental group as compared to the control
group. This is in line with the findings of Tofighi et
al [31], and Ryan et al [37], but contradicts those of
Ashizawa et al [38]. One reason for the
contradicting results regarding phosphor levels
could be calcitonin hormone release which
decreases absorption of calcium and phosphorus
from the bones. On the other hand, paratormone
causes re-absorption of calcium and phosphorus
from bone to circulation [21].

In general, researchers believe that different
types of sports and exercise exert different effects
on bone formation, as bone reconstruction is to a
great extent under the influence of mechanical
stress which is an important factor in skeletal
development. Weight bearing physical activity is a
bone osteogenic stimulant and is more influential in
formation of new bone cells and bone
mineralization increase, as compared to non-weight
bearing exercises such as swimming. Mineral
content of the bones is higher in women who
started exercising before the age of puberty and
have consumed enough calcium in their diet [15,
39, 40]. However further research is needed to
clarify bone metabolic responses to exercise

training, and to find out the appropriate type,
duration and intensity of training to optimize bone
formation responses to exercise and training
programs.
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