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Abstract: Background: Osteoporosis is a progressive disease that has physical and psychosocial consequences,it is
the most common bone disease in humans, it occurs accompanying menopause and induces bone loss. Therefore, the
objective of this study was to assess associations between exercise training, vitamin K supplementation and vitamin
D supplementation either alone or in combinations on the prevention of osteoporosis in ovariectomized rats, and to
find the best combination that gives the highest treatment of osteoporosis. Methods: eighty ovariectomized rats with
an average weight of 150 g were used in this study. They were equally divided into eight groups. Group I Sedentary
control ovariectomized group (n=40). This group was further subdivided into 4 subgroups [ a, I b, I ¢c and I d. Group
IT Exercise group (n=40): This group was further subdivided into 4 subgroups II a, II b, II ¢ and II d. Blood samples
were taken from all groups. We investigated the circulating concentrations of Osteocalcin (Oc), Bone specific
alkaline phosphatase (BSAP), Undercarboxylated osteocalcin (UnOc) and Serum Tartrate resistant acid phosphatase
iso-enzyme 5b (TRAPSD). Results: Exercise trainings in overiectomized adult rats induced significant increase in
Oc and significant decrease in UnOc and TRAP5b. Vit K alone produce significant decrease in UnOc and TRAP5b
while Vit K with exercise produced significant increase in BSAP and significant decrease in UnOc and TRAPS5b.
Vit D alone produced significant decrease in TRAPSb while Vit D with exercise produced significant increase in Oc
and BSAP with significant decrease in UnOc and TRAPS5b. Combind Vit K with Vit D without exercise produced
significant increase in BSAP and significant decrease in UnOc and TRAPS5b while combined Vit K, Vit D with
exercise produced significant increase in Oc and BSAP and significant decrease in UnOc and
TRAP5b.Conclusions: Exercise has a great role in the treatment of osteoporosis that is mainly due to increased
bone formation together with mild decrease in bone resorption so that the combination of exercise training with
vitamin K and /or D supplementation was beneficial in the treatment of osteoporosis as they augment the effect of
each other through combining increased bone formation with decreased bone resorption.
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1. Introduction:

The estrogen deficiency accompanying
menopause induces bone loss and increased risk of
fracture. Osteoporotic fractures are associated with
high morbidity, increased mortality risk, and major
economical impact (Autier et al., 2000). Osteoporosis
is a progressive disease that has physical and
psychosocial consequences, It is the most common
bone disease in humans, characterized by low bone
mass, deterioration of bone tissue, disruption of bone
architecture, compromised bone strength, and
increased bone fracture risk over time (Sadat-Ali et
al., 2011).

Osteoporosis treatment too often consists of
drug prescription (anti resorption drugs e.g.
bisphosphonate, estrogen replacement therapy) (body
et al., 2010). In addition to drug prescription, current
osteopenia treatment guidelines include exercise,
vitamin D and recently vitamin K supplementation
(Cheung et al., 2008).

Exercise provides an osteogenic stimulus to the
bones by increasing serum concentrations of bone
formation markers as well as decreasing bone
resorption markers (Bakhtyar et al., 2011). Despite it
is generally thought that disuse (prolonged periods of
inactivity) and unloading of the skeleton (e.g.in cases
of paralysis) promotes reduced bone mass whereas
mechanical loading through exercise increases bone
mass (dolbow et al., 2011).

In addition Iwamoto et al. (2005) reported that
treadmill exercise in ovariectomized rats prevents
cancellous bone loss at the tibia, and increases bone
mass of the tibia and mechanical strength of the
femur, as a result of suppressed bone resorption and
increased bone formation in osteopenic rats after
ovariectomy. Also Safinaz.et al. (2011) observed that
3-months exercise program was associated with
improvement of bone densitometry and significant
increment of the bone formation marker Procollagen
I N-terminal extension peptide (PINP) in Egyptian
type 1 diabetic osteopenic adolescents.



Nature and Science 2015;13(1)

http://www.sciencepub.net/nature

Vitamin K is best known for its function in the
blood coagulation pathway, but recent data suggest
that the K vitamins play an important role in bone
metabolism, perhaps at serum levels higher than
those required for normal blood coagulation. Vitamin
K is the essential cofactor for the carboxylation of
glutamate to gamma-carboxy glutamic acid (Gla),
which confers functionality to vitamin K—dependent
Gla-containing proteins. (Angela et al., 2008).

Vitamin K through the gamma carboxylation of
osteocalcin can hold calcium in the skeleton, while
preventing it from being deposited in organs, joint
spaces, and arteries (Mitchell, 2000). In other words,
without the help of vitamin K2, calcium that vitamin
D so effectively lets in, might be working against the
body by building up in coronary arteries rather than
bones. Concurrent arterial calcification and
osteoporosis have been called the "calcification
paradox" and occur frequently in postmenopausal
women. There is even evidence that the safety of
vitamin D is dependent on vitamin K, and that
vitamin D toxicity (although very rare with the D3
form) is actually caused by vitamin K2 deficiency.
(Adams et al., 2005).

Vitamin D plays a major role to regulate bone
cell proliferation and maturation as well as bone
mineralization and resorption (Lamb et al,2011).
The vitamin D insufficiency increase with aging, due
to thinning of the skin, reduced exposure to sunlight
and is exacerbated by estrogen deficiency (Glowacki
et al., 2011). So the increased bone resorption of
vitamin D insufficiency lead to increased bone loss
and osteoporosis and the increased turnover appears
to increase fracture risk (Allan, 2006).

Osteocalcin, an abundant noncollagenous
protein in bone, which is synthesized by osteoblasts
during bone formation, undergoes a posttranslational
vitamin K-dependent modification in which 3
glutamic acid residues are carboxylated, which
thereby allows the protein to bind calcium. The
circulating measure of total osteocalcin, which
includes both carboxylated and undercarboxylated
forms, is used as a biomarker of bone turnover,
whereas the percentage of osteocalcin that is
undercarboxylated is a measure of the vitamin K
status of bone (Neil et al., 2009).

During bone metabolism, osteocalcin is released
from bone matrix through the actions of various
enzymes, including one produced by osteoclasts
during bone resorption. Most of the three glutamate
residues are decarboxylated on osteocalcin (Un-OC)
when it is released into blood from bone. In addition,
vitamin K deficiency inhibits the y-carboxylation of
glutamic acid residues in osteocalcin so the affinity of
undercarboxylated osteocalcin for hydroxyapatite is
reduced, which provides a means for it to enter the

systemic circulation more easily. (Binkley et al,
2009a).

BSAP is synthesized by the osteoblasts and is
presumed to be involved in the calcification of bone
matrix, increased serum levels of BSAP are seen in
conditions characterized by excessive bone turnover
including postmenopausal women, osteoporosis,
Paget's disease, hyperparathyroidism, thyrotoxicosis,
and metastatic cancer. BSAP levels decrease
following anti-resorptive therapy in a dose-dependent
manner. These short-term changes are inversely
correlated with long-term changes in bone mineral
density. BSAP levels are correlated with bone growth
in children and reflect pubertal growth
stages.(Haima, 2013).

Tartrate-resistant acid phosphatase serum band
5 is one of seven acid phosphatases found in
hematopoietic tissues. It is one of the most abundant
enzymes in osteoclasts. TRAPS is a 37 kDa
glycoprotein, present in two isoforms 5a and 5b.
TRAPSD, the active isoform of TRAP is specifically
synthesized by bone-resorbing osteoclasts, whereas
TRAPS5a originates from macrophages and dendritic
cells. (Ljusberg et al., 2005).

2. Methods:

This study was performed on eighty adult
female albino rats; with an average weight of 150 g.
Animals were kept for 2 weeks before beginning the
experiment, and then they were subjected to
ovariectomy operation. The rats were allowed for
complete healing for a period of 2 weeks.

Ovariectomized rats were divided into two equal
main groups.

Group I Sedentary group (n=40):

Rats were put on treadmill without running for
the same period as group 1. This group was further
subdivided into 4 subgroups a, b, ¢ and d:
Subgroup Ia (n=10): They didn’t receive any
vitamin; they received only water by gavage for
simulation of experimental conditions.

Subgroup Ib (n=10): They received 0.lug/kg body
weight of vitamin D3 supplementation daily by
gavage.

Subgroup Ic (n=10): They received 0.0009 mg/gm
body weight of vitamin K supplementation daily by
gavage.

Subgroup Id (n=10): They received both vitamin D3
and vitamin K supplementation daily by gavage in
the same previous doses.

Group II Exercise group (n=40):

Rats performed treadmill exercise 30 minutes
/day for 9 weeks (for 63 successive days).

This group was further subdivided into 4
subgroups a, b, ¢ and d:
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Subgroup Ila (n=10): They didn’t receive any
vitamin; they received only water by gavage for
simulation of experimental conditions, simultaneous
with treadmill exercise.

Subgroup IIb (n=10): They received 0.lug/kg body
weight of vitamin D supplementation daily by gavage
simultaneous with treadmill exercise.

Subgroup Ilc (n=10): They received 0.0009 mg/g
body weight of vitamin K supplementation daily by
gavage simultaneous with treadmill exercise.
Subgroup Ild (n=10): They received both vitamin D
and vitamin K supplementation daily by gavage in
the same previous doses simultaneous with treadmill
exercise.

Exercise protocol

Rats performed exercise on treadmill 7 days
/week for 9 weeks (for 63 successive days). Running
on treadmill began for 5 minutes/day and then
increased gradually by 5 minutes every 2 days till it
reached 30 minutes /day after 2 weeks and continued
with the same duration for the following 7 weeks.
(Kim et al., 2002).

Blood sampling:

At the end of experiment (on the 64th day, 9
weeks) blood samples were collected after 12-14
hours fasting rats, from the retro -orbital sinus under
light ether inhalation anesthesia. (Parasuraman et
al., 2010).

It were taken from all groups. We investigated
the circulating concentrations of:

Bone formation markers:

1. Serum Osteocalcin (Oc) using Rat Gla-
Osteocalcin High Sensitive Eliza Kit(Allison et al.,
2000).

2. Serum Bone specific alkaline phosphatase
(BSAP) using Bone Eliza Kit (Halima,2013)

Bone resorption markers:

1. Serum  Undercarboxylated  osteocalcin
(UnOc) using (UnOc) Eliza Kit.(Ferron et al., 2008)

2. Serum Tartrate resistant acid phosphatase
isoenzme 5b (TRAPS5b) using QuidelR TRAPS5b
Eliza Kit.(Angel et al., 2000)

Statistical Analysis:

Statistical analysis was done using SPSS
(Statistical Program for Social Science) statistical
package (SPSS Inc.) version 8.0.1.Quantitative data
were expressed by mean + standard deviation
(SD).Comparing groups was done using students t-
test and Analysis of variance (1-way ANOVA) to
find inter-groupal significance.

Statistical significance was determined by LSD
(Least significant difference).

Statistical significance for analysis of variance
was determined at a level of significance of P <0.05.

3. Results

There was significant increase in Osteocalcin
level from (20.6 = 0.86ug/L) in sedentary control
group (group Ia) to (24.3+2.2 pg/L, 18 %, p=0.003)
in the exercise group (F: insignificant

Figure 1).

There was insignificant change in Bone Specific
Alkaline Phosphatase level from (29.5 + 0.57U/L) in
sedentary control group (group Ia) to (31.1+1.9U/L,
5.4 %, p =0.07) in the exercise group (group Ila) (:
insignificant

Figure 2).

There  was  significant  decrease  in
Undercarboxylated Osteocalcin level from (462.6 +
4.78 ng/ml) in sedentary control group (group la) to
(442.2+£15.2ng/ml, -4.4%, p=0.008) in the exercise
group (group Ila) (7: insignificant

Figure 3).

There was insignificant change in Tartrate
Resistant Acid Phosphatase level from (27.8
+1.46IU/L) in sedentary control group (group Ia) to
(21.743.61U/L,-22 %, p=0.004) in the exercise group
(group Ila) (Figure 4).
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Figure 1: Effect of exercise (group Ila) on
Osteocalcin level in comparison to sedentary control

group (group la).
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Figure 2: Effect of exercise (group Ila) on Bone
Specific Alkaline Phosphatase level in comparison to
sedentary control group (group Ia).
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Figure 3: Effect of exercise (group Ila) on
Undercarboxylated Osteocalcin level in comparison
to sedentary control group (group la).
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Figure 4: Effect of exercise (group Ila) on Tartrate
Resistant Acid Phosphatase level in comparison to
sedentary control group (group Ia).

Within group comparison of sedentary group
revealed significant decrease of bone resorption
markers i.e.  Undercarboxylated  Osteocalcin
&Tartrate Resistant Acid Phosphatase levels.
(F=17.9, P=0.001& F=1.5, P <0.001 respectively).
(Figures 7,8).

Vitamin D, vitamin K & both vitamins
supplementation (groups Ib, Ic& Id respectively)
significantly decreased Tartrate Resistant Acid
Phosphatase level as compared to control group
(group Ia). (Figure 8).

Vitamin K  supplementation (group Ic)
significantly decreased Undercarboxylated
Osteocalcin level as compared to control group
(group la) & vitamin D supplementation (group Ib).
(Figure 5)

Combined vitamin D& K supplementation
(group 1d) significantly decreased Undercarboxylated

Osteocalcin level as compared to control group
(group Ia). (Figure 7)

Within group comparison of sedentary group
revealed insignificant increase of bone formation
markers i.e. Osteocalcin &Bone Specific Alkaline
Phosphatase levels. (F=0.62, P = 0.6& F=7.4, P =0.2
respectively). (Figure 5,6).

Osteocalcin (pg/L)
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Figure 5: Effect of vitamin D 3 &/or K
supplementation on osteocalcin level within
sedentary groups(ANOVA test).
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Figure 6: Effect of vitamin D3&/or K
supplementation on Bone specific Alkaline
Phosphatase level within sedentary groups (ANOVA
test).
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Figure 7: Effect of vitamin D3&/or K
supplementation on Undercarboxylated Osteocalcin
level within sedentary groups(ANOVA test).



Nature and Science 2015;13(1)

http://www.sciencepub.net/nature

a: Significant versus group la.
b: Significant versus group Ib.
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Figure 8: Effect of vitamin D3&/or K
supplementation on Tartrate Resistant Acid
Phosphatase level within sedentary groups (ANOVA
test).
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Figure 9: Effect of vitamin D3&/or K
supplementation on osteocalcin level within exercise
groups (ANOVA test).
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Figure 10: Effect of vitamin D3&/or K
supplementation on Bone specific Alkaline
Phosphatase level within exercise groups (ANOVA
test).

a:significant versus group Ia

Within group comparison of exercise group
revealed significant increase of bone formation
markers i.e. Osteocalcin & Bone Specific Alkaline
Phosphatase levels. (F=3.5, P =0.03& F=0.86, P
<0.001 respectively) (Figure 8).

Combined vitamin D supplementation with
exercise training (group IIb) significantly increased
osteocalcin level as compared to vitamin K
supplementation with exercise training (group Ilc).
(Figure 9).

Combined vitamin D supplementation with
exercise training (group IIb) significantly increased
Bone Specific Alkaline Phosphatase level as
compared to exercise alone (group Ila) & vitamin K
supplementation with exercise training (group Ilc).
(Figure 10).

Combined vitamin D&K supplementation with
exercise training (group IId) significantly increased
Bone Specific Alkaline Phosphatase level as
compared to exercise alone (group Ila) & vitamin K
supplementation with exercise training (group Ilc).
(Figure 10).

Within group comparison of exercise group
revealed insignificant decrease of bone resorption
markers i.e. Undercarboxylated Osteocalcin &
Tartrate Resistant Acid Phosphatase levels (F=0.44, P
=0.5& F=11.2, P =0.7 respectively). (Figure , 12).
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Figure 11: Effect of vitamin D3&/or K on
undercarboxylated osteocalcin level within exercise
groups (ANOVA test).
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Figure 12: Effect of vitamin D3&/or K on Tartrate
Resistant Acid Phosphatase level within exercise
groups(ANOVA test).

4. Discussion

In the present study treadmill exercise training
in ovariectomized rats for 9 weeks induced a
significant increase in Osteocalcin level compared to
ovariectomized control rats.

This finding is in concordance with Carstanjen
et al. (2005) who reported that in racehorses
osteocalcin level significantly increased 2-3 months
after a control sample.

Also Pollock (2011) reported a significant
increase in total osteocalcin level after exercise. He
explained that bones can possibly sense
environmental stimuli such as being physically active
or sedentary and dictate energy regulation
accordingly. Ferndndez-Real et al. (2009) suggested
that resistance exercise led to increased serum
osteocalcin concentration through increasing muscle
pull, producing strains on the skeleton that are
perceived by bone cells. This explanation is also
supported by Bonnet & Ferrari (2010) who reported
that exercise influences the skeleton by its direct
impact on bone and by improving muscle mass and
strength, which exerts further strains on the skeleton.
In addition Exercise decreases body weight and
hence decrease Leptin secretion from adipose tissue
which inturn increase bone formation (increase
osteocalcin)  indirectly  through  stimulating
serotonin production and release from brain stem
(i.e.leptin negatively affect bone mass) (Fanxin,
2012).

Moreover exercise increases levels of growth
hormone (GH) and insulin-like growth factor (IGF)-
1, which exert anabolic effects on muscle and bone.
(Bonnet and Ferrari, 2010).

Contrary to our finding Nowak et al. (2008)
reported that circulating osteocalcin levels in
exercised rats trained for 4 weeks on a motor-driven
treadmill significantly decreased in comparison to
control animals.

In the present study treadmill exercise training
in ovariectomized rats for 9 weeks induced
insignificant change in Bone Specific Alkaline
Phosphatase  level (BSAP)  compared to
ovariectomized control rats.

This finding is in consistence with Maimoun et
al. (2005) who reported that exercise induced
insignificant changes in serum BSAP and serum OC
in response to a single session of strenuous exercise.
Also Khorshidi et al. (2012) reported that exercise
induced insignificant change in alkaline phosphatase
after a period of 10 weeks.

In the present study treadmill exercise training
in ovariectomized rats for 9 weeks induced
significant decrease in undercarboxylated osteocalcin
level (UnOc) compared to ovariectomized control
rats.

According to our knowledge there is no data
available on the effect of long term exercise on
undercarboxylated osteocalcin, all available data
study the change in the level of UnOc post-acute
exercise (i.e. after a single bout of exercise) and they
all report a significantly increased UnOc level shortly
after acute exercise (Levinger et al., 2011). This
apparent conflict with the results of the present study
may be explained that our results are on long term
exercise, while the available studies are on a single
session of exercise. Moreover our results don't reflect
the short term effect of our last exercise cession
because we did the blood sampling 36h after the last
cession which is relatively long duration.

In the present study treadmill exercise training
in ovariectomized rats for 9 weeks induced a
significant decrease in Tartrate Resistant Acid
Phosphatase =~ (TRAP)  level compared to
ovariectomized control rats.

This finding is in accordance with Rogers et al.
(2011) who observed a significant transient decline in
the bone resorption marker TRAP5b during the 2 h
following a single bout of exercise.

Also Whipple et al. (2004) observed that
moderate intensity resistance training acutely reduces
bone resorption for at least 8 hours post exercise in
untrained young men then markers return to baseline
within 24 hrs.

In contrast to our results Shih et al. (2010)
reported that a 12-week exercise program in obese
Chinese male adolescents didn’t affect Tartrate-
resistant acid phosphatase 5a level. Also Pollock
(2011) reported that there was insignificant effect of
exercise on bone resorption.

In the present study vitamin D supplementation
in ovariectomized rats for 9 weeks induced
insignificant change in Osteocalcin level compared to
ovariectomized control rats.

This finding is in accordance with David et al.
(2000) who reported that vitamin D supplementation
for 6 months in healthy postmenopausal women
(under the age of 70 years) with normal vitamin D
levels, induced insignificant changes in osteocalcin
level at 3 months or 6 months. Also Viljakainen et al.
(2006) stated that vitamin D supplementation in
adolescent girls had no effect on serum osteocalcin.
Ambroszkiewicz et al. (2009) reported that vitamin D
and calcium supplementation for 4-months in
children on vegetarian diet induced insignificant
differences in osteocalcin level.
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In contrast to the present study Herrmann et al.
(2013) reported that one year of supplementation
with vitamin D3 to healthy subjects significantly
decreased bone formation markers osteocalcin and
BSAP.

In the present study vitamin D supplementation
in ovariectomized rats for 9 weeks induced
insignificant change in Bone Specific Alkaline
Phosphatase level compared to ovariectomized
control rats.

This finding is in Concurrence with Sosa et al.,
(2000) who reported that 25hydroxy cholecalciferol
treatment in postmenopausal osteoporotic females
with femoral fractures revealed insignificant change
in Alkaline Phosphatase. Similarly Barnes et al.
(2006) stated that 8 weeks of vitamin D
Supplementation in  young adults, Induced
insignificant changes on bone turnover markers.
Tanzy and Camacho (2011) reported that correction
of vitamin D deficiency in postmenopausal women
with osteopenia and osteoporosis with high-dose
vitamin D supplementation for 1 year lead to a
significant decrease in BSAP. The contradiction with
the present study may be explained by the differences
in dosage and duration of the study.

In the present study vitamin D supplementation
in ovariectomized rats for 9 weeks induced
insignificant change in  Undercarboxylated
Osteocalcin  level compared to ovariectomized
control rats.

This finding is in accordance with Takahashi et
al. (2001) who reported that 4 weeks of vitamin D
supplementation in premenopausal, postmenopausal
healthy females and osteoporotic patients with
vertebral fractures or hip fractures; did not change
undercarboxylated osteocalcin  while intact OC
tended to increase slightly but not significantly. This
is probably because vitamin D induces osteocalcin
gene expression while it has no role in the post
translational modification (i.e. carboxylation of
osteocalcin), accordingly has no effect on
Undercarboxylated Osteocalcin level. (Adams et al.,
2005).

In the present study vitamin D supplementation
in ovariectomized rats for 9 weeks induced
significant decrease in Tartrate Resistant Acid
Phosphatase level compared to ovariectomized
control rats.

This finding is in Concurrence with El
Khassawna et al. (2013) who reported that
consumption of vitamin D and calcium-fortified dairy
product by healthy postmenopausal women for 18
weeks, reduces the serum concentration of the bone
resorption marker TRAPS5b and increase serum IGF-
I. Similarly Bonjour et al. (2009) suggests that
vitamin D fortification of soft cheese consumed by

elderly women with vitamin D insufficiency can
reduce bone resorption marker, tartrate-resistant acid
phosphatase isoform 5b.

Contrary to the present study Ambroszkiewicz et
al. (2009) reported that vitamin D and calcium
supplementation for 4-months in children on
vegetarian diet induced insignificant differences in
tartrate-resistant acid phosphatase isoenzyme 5Sb
markers.

Kristin et al. (2012) reported that four weeks of
daily supplementation with 10pg vitamin D3in
young individuals, increased tartrate-resistant acid
phosphatase 5b concentration and decreased intact
parathyroid hormone (iPTH), and this did not differ
by mode of administration. These results suggest an
increased bone resorption following vitamin D
supplementation, despite a decrease in parathyroid
hormone levels.

In the present study vitamin K supplementation
in ovariectomized rats for 9 weeks induced
insignificant change in osteocalcin level (OC)
compared to ovariectomized control rats.

This finding is in Concurrence with Takahashi
et al. (2001) who reported that 4 weeks of vitamin K
supplementation in perimenopausal healthy and
osteoporotic females, induced insignificant change in
osteocalcin level.

The present study revealed that vitamin K
supplementation in ovariectomized rats for 9 weeks
induced insignificant change in Bone Specific
Alkaline  Phosphatase  level  compared to
ovariectomized control rats.

This finding is in consistence with Binkley et al.
(2009) reported that Phylloquinone and MK4
treatment  reduced serum  undercarboxylated
osteocalcin but did not alter serum bone-specific
alkaline phosphatase (BSAP). Also Biigel et al.
(2007) reported that daily supplementation with
phylloquinone for 6 weeks in postmenopausal women
induced insignificant change in serum bone-specific
alkaline phosphatase while it induced significant
increase in total osteocalcin.

In the present study vitamin K supplementation
in ovariectomized rats for 9 weeks induced
significant decrease in undercarboxylated osteocalcin
(UnOc) level compared to ovariectomized control
rats (group la) & vitamin D supplementation (group
Ib).

This finding is concurrent with Vermeer and
Theuwissen, (2011); Naito et al. (2012); Miki et al.,
(2012); who reported that serum undercarboxylated
osteocalcin (UnOc) is a marker for vitamin K
metabolism. It increases in vitamin K deficiency and
decreases after supplementation with vitamin K.

In support of this Takahashi et al. (2001)
reported that 4 weeks of vitamin K supplementation
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in perimenopausal healthy and osteoporotic females,
decreased undercarboxylated osteocalcin. Similarly
Purwosunu et al. (2006) reported that vitamin K,
supplementation with calcium significantly decreased
UnOc level in postmenopausal women in Indonesia.

The present study revealed that vitamin K
supplementation in ovariectomized rats for 9 weeks
induced a significant decrease in Tartrate Resistant
Acid Phosphatase level compared to ovariectomized
control rats.

This finding is in consistence with Atkins et al.
(2009) demonstrate that vitamin K inhibits expression
of RANKL in the osteocyte cell-like line, thus it
decrease osteoclastogenesis and so it decrease TRAP
which is a marker of osteoclast viability. Moreover
Shea et al.(2008) suggested that vitamin K’s inverse
association with inflammatory markers was separate
from its gamma-carboxylation function, since UnOc
showed no association with these markers. This anti-
inflammatory action of vitamin K plays a role in the
suppression of osteoclastogenesis and so decreases
tartrate-resistant acid phosphatase level.

The present study revealed that vitamin D &K
supplementation in ovariectomized rats for 9 weeks
induced insignificant change in osteocalcin level
compared to ovariectomized control rats.

This finding is in acceptance with Je et al.
(2011) who reported that combined vitamin D & K
supplementation for 6 months in postmenopausal
Korean women over sixty years old insignificantly
increased osteocalcin level while it significantly
decreased UnOc concentration.

In the present study combined vitamin D & K
supplementation in ovariectomized rats for 9 weeks
induced a synergistic effect that significantly
increased Bone Specific Alkaline Phosphatase level
compared to ovariectomized control rats, with no
significant difference with other groups as detected
by ANOVA.

This finding is in consistence with Binkley et
al., (2009) who observed that combined vitamin K
(Phylloquinone or MK4) with vitamin D &calcium
supplementation for 1 year did not alter Bone
Specific Alkaline Phosphatase level as compared to
calcium and vitamin D supplementation alone.

In the present study combined vitamin D & K
supplementation in ovariectomized rats for 9 weeks
induced a significant decreased in Undercarboxylated
Osteocalcin  level compared to ovariectomized
control rats.

This finding is in concurrence with Binkley et
al. (2009) reported that combined vitamin K
(Phylloquinone or MK4), vitamin D &calcium
supplementation for 1 year reduced serum under
carboxylated osteocalcin as compared to calcium and
vitamin D supplementation.

Recently Je et al. (2011) detected that combined
vitamin K2 therapy with vitamin D3 for
postmenopausal Japanese women for 6 months
significantly decreased UnOc concentration and
improved BMD values.

In the present study combined vitamin D & K
supplementation in ovariectomized rats for 9 weeks
induced a significant decreased in Tartrate Resistant
Acid Phosphatase level compared to ovariectomized
control rats.

This finding is in consistence with Lijima et al.
(2012) who reported that Both vitamins have been
found to down-regulate pro-inflammatory cytokines
and biomarkers, proinflammatory imbalances of
cytokines such as IL-6 and tumor necrosis factor-
alpha (TNF-a) are implicated in osteoporotic bone
deterioration through increasing osteoclastogenesis
and bone resorption (Bagger et al., 2006). Therefore
combined vitamins D and K induce more reduction in
bone resorption and more decrease in Tartrate
Resistant Acid Phosphatase level.

On the other hand Fu et al. (2012) reported that
phylloquinone, MK4 or MK7 Supplementation in
ovariectomized Norway rats fed a diet that meets
nutritional requirements for calcium and vitamin D,
insignificantly changed Tartrate Resistant Acid
Phosphatase level.
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