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Abstract

Objectives: Osteocalcin which is s non-collagenous protein plays an important role in bone metabolism and its carboxylation
depends on vitamin K. In addition, warfarin inhibits vitamin K epoxide reductase complex and has an anticoagulant effect
and therefore interrupts the activity of osteocalcin. Accordingly, this study aimed to estimate the effects of warfarin on bone
metabolism. In other words, it was attempted to evaluate the changes in serum levels of bone metabolism in warfarin-taking
patients and find the relationship between the inhibition of vitamin K metabolism by warfarin and their synergistic effects
on bone metabolism.

Materials and Methods: A total of 72 individuals were selected including healthy controls (n = 36) and patients (n = 36)
who referred to clinical laboratories of Tabriz after consuming warfarin. Nearly 5 ml blood samples were collected and
non-carboxylated osteocalcin experiments, parathyroid hormone (PTH), vitamin D3, calcium, phosphorus, magnesium,
and alkaline phosphatase were performed for all the samples of each group.

Results: In this study, non-carboxylated osteocalcin, PTH, and international normalized ratio (INR) increased significantly
in the case group while increasing of Mg?* was non-significant in this group. However, vitamin D3, Ca2+, alkaline
phosphatase (ALP), and P demonstrated a significant decrease in the case group compared to the control group.
Conclusions: In general, the consumption of warfarin leads to bone and vessel wall damages, causing cardiovascular

diseases.
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Introduction

Bone is a metabolically active organ which has a
permanent renewal in the life cycle. This constant renewal
is necessary for maintaining the structural integrity
and supplying the metabolic functions of the bone as a
reservoir for calcium, phosphate, and magnesium (1).
In addition, bone is structured by inorganic minerals
such as calcium and phosphorus and the organic matrix.
Approximately 90%-95% of the bone matrix is of type I
collagen (1). The osteocalcin is considered a significant
non-collagenous protein which plays an essential role in
bone metabolism. Further, osteocalcin, which is known as
the gamma-carboxy glutamic acid of the bone is a marker
of bone formation whose carboxylation is dependent
on vitamin K (2-4). Osteocalcin is a marker for a bone
formation which is produced by the osteoblasts and plays
an important role in the accumulation of bone minerals
such as calcium which are involved in bone mineralization
and calcium ion homeostasis (5). Furthermore, alkaline
phosphatase is another marker for monitoring the
activity of the bone metabolism which is a tetrameric
glycoprotein and its serum level reflects the activities
of bone metabolism (6,7). Moreover, warfarin is one of
the most effective oral anticoagulant drugs prescribed

to stabilize the international normalized ratio (INR).
Totally, 99% of this drug binds to the albumin after oral
absorption while only 1% becomes inactive by CYP2C9
liver enzyme and excretes in the bile. Warfarin exposes
its anticoagulation effect by competitive inhabitation of
vitamin K epoxide reductase enzyme complex which is
responsible for recycling the restored vitamin K (K1H2)
needed for gamma-carboxylation (8-12). The K1H2 is a
required co-factor for the gamma-glutamyl carboxylase
enzyme and is converted into inactive metabolite and
epoxide vitamin K1 for conversion of glutamic to gamma-
carboxy glutamic. Then, once again the inactive form of
vitamin K is restored in the vitamin K cycle by VKORCI
liver enzyme to the active co-factor for the enzyme
carboxylase. Warfarin inhibits this enzyme and reduces
the restored vitamin K1 and activated coagulation factors
delaying the blood clotting. It is suggested that vitamin
K2 may play an important role in maintaining the health
levels of the bone mineral density. The strong relationship
between a lack of vitamin K2 and bone health disorders
is proven by both clinical and laboratory studies. The
osteocalcin is not converted from the inactive mode to
activated carboxyl mode and thus calcium cannot be
placed in the bone without the presence of vitamin K2

Received 25 December 2016, Accepted 10 April 2017, Available online 2 May 2017 Ol O|

'Department of Biology, Islamic Azad University, Ahar Branch, Ahar, Iran.

*Corresponding Authors: Farzin Rezazad, Tel: +989128950747, Email: farzinre@ymail.com; Aliakbar Abolfathi, Tel: +989143115885, Email:

Abolfathi.Aliakbar@gmail.com


http://www.cjmb.org

Rezazad and Abolfathi

(13-15). As previously explained, calcium is another major
non-organic mineral (1) and the balance between vitamin
D3 and parathyroid hormone (PTH) has a fundamental
role in regulating the serum calcium homeostasis and
ultimately bone deformities. Disruption of this balance
is normally followed by a lack of vitamin D3, increased
secretion of PTH, and in the long-term, a decrease in bone
mass and eventually osteoporosis which is defined as the
loss of bone mass per unit volume. In a situation of serum
calcium deficiency, PTH increases the calcium absorption
from the renal tubules by activating the osteoclasts and
releasing the calcium from the bone and finally increases
the conversion of vitamin D into its active form, namely,
1,25-dihydroxycholecalciferol in the kidney, facilitating
the absorption of calcium from the gut. Accordingly, the
most important biological function of vitamin D occurs in
the skeletal system by increasing the intestinal absorption
of the calcium. Vitamin D deficiency leads to a decreased
intestinal absorption of calcium from 30%-15% which
causes an increase in PTH and thus osteoporosis. In this
study, the relationship between changes in bone markers
among people who took warfarin and were subjected to
changes in the metabolism of vitamin K are discussed.
Finally, the risk of osteoporosis and cardiovascular disease
among these patients was investigated (16-22).

Materials and Methods

Samples

The statistical population of this study included 36 patients
(cases) with a history of at least 6 months of warfarin
consumption who were referred to a medical laboratory
in Tabriz, Iran, as well as 36 healthy individuals who took
no warfarin (as the control group). They completed the
questionnaires after giving written consent.

The Serum Factor Measurement

Blood samples (5 mL) were collected from each patientand
the control group members, and after serum separation
(centrifugation), the serum samples were stored at -70°C
for further tests. PTH was measured by the ECL sandwich
method (Electro-Chemi Luminescence) using the kits
by the Swiss Roche and Cobas E411. Overall, measuring
methods were as follows: Serum samples with biotinide
and Ruthenium PTH monoclonal antibodies were added
to the plates by the sandwich method. Then, streptavidin
was added after the incubation and the result was read
based on ECL phenomenon. The 25-OH vitamin D was
measured by competitive ELISA using Immundiagnostik
kit and Stat Fax ELISA reader. Additionally, data related to
the patients and the control group’ serums, standards, and
the separator solution of vitamin D3 from its carrier protein
(VDBP vitamin D3 from its carrier protein) were added to
each well of the plate 1. Then, 20 Landa was removed from
the microplate 1 and added to the corresponding wells in
the plate, and the plate was then mixed for 20 seconds.
In addition, the vitamin D3 antibody was added after

incubation at room temperature and then the mixture of
all the plates was washed. Further, the conjugate solution
was added to all the wells and the wells were incubated.
After washing, a substrate solution was added to all the
wells and incubated, and then Stop solution was added to
all the wells. These results were obtained by ELISA reader
in the 450-630 nm wavelength. Ca was measured by auto-
analyzer using the photometric method and Arsenazo
III. In this experiment, calcium constructed a blue color
complex in a neutral medium with the Arsenazo III.
The intensity of the produced color was proportional
to the calcium amount of the sample. Furthermore, the
absorbance was read at 630 nm. The alkaline phosphatase
was measured at 405 nm by the DGKC method (the
Standard of Germany Society of Biochemistry) using
the Hitachi auto-analyzer. Moreover, phosphor and
magnesium were estimated employing the photometric
method UV-test and Xylidyl blue by the Hitachi auto-
analyzer at 340 and 546 wavelengths, respectively. Finally,
undercarboxylated osteocalcin (ucOC) was measured by
the sandwich ELISA method utilizing the crystal kites
of Bioassay Technology Laboratory and Stat Fax ELISA
reader. Additionally, to perform the experiment, the test
samples were added to the wells and then ucOC antibody
and streptavidin-HRP solutions were added and incubated
at 37°C after mixing. The chromogenic solutions A and B
were added after washing and incubated after mixing. Stop
solution was then added to all the wells so that the color
was changed from blue to yellow in the wells. Afterward,
the results were obtained by ELISA reader at a wavelength
of 450 nm. The prothrombin (PT) was estimated by
coagulation method (clot) using the Stago Compact Max.
Eventually, plasma and calcium thromboplastin solutions
were mixed and the clotting time was measured by the
device accordingly.

Statistical Analysis

The mean of each variable was calculated in each group,
and the data were analyzed using the SPSS software,
version 21 and independent sample # test method. All data
are presented as the mean + SD and the significance level
was considered P < 0.05.

Results

Demographic Data

The mean of some clinical parameters was measured
while no significant difference was observed between the
two groups (Table 1).

The Serum Factors

Table 2 represents the levels of serum factors in both
groups. Based on the data, the levels of all factors
demonstrate a significant difference except for Mg**.

The Correlation Between PTH and Other Factors
As shown in Table 3, there is a correlation between PTH
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Table 1. Demographic Data of the Patients and Healthy Individuals

Parameters  Control Case P Value
Gender
Male 16 16 0.12
Female 20 20
Weight 69.88 +£9.23 73.20 £ 8.18 0.53
Age 43 +12.69 42.08 +12.18 0.60

Table 2. Mean of Serum Parameters in Both Groups

Parameters Control Case P Value
PTH (pg/mL) 39.08 £ 1.52 70.38 £ 5.91 0.02
OSN (ng/mL) 306.85 + 68.09 600.05 + 136.37 0.03
D3 (nmol/L) 44.31 £19.33 24.43 +6.11 0.01
ALP (U/L) 232.55 +70.41 184.60 + 44.22 0.01
Ca’* (mg/dL) 9.35 +£0.280 9.03 £ 0.291 0.00
Mg?* (mg/dL) 1.97 £0.10 2.00 + 0.20 0.46
P (mg/dL) 3.68 £ 0.40 3.35+0.46 0.03
INR (min) 1.00 £ 0.0 2.42 £0.99 0.00
PT (min) 12.0 £ 0.0 17.66 +3.72 0.00

Abbreviations:  PTH, parathyroid hormone; OSN, osteonectin;
ALP, alkaline phosphatase; INR, international normalized ratio; PT,
prothrombin time.

Table 3. Pearson Correlation of PTH With Other Biomarkers of the Bone
Metabolism

Parameters Mean = SD Correlation with PTH
PTH 70.38+5.91 1

OSN 600.05+136.37 0.78

D3 24.43+6.11 0.016

ALP 184.60+44.22 0.967

Ca 9.03+0.291 0.011

Mg 2.00+0.20 0.364

P 3.35+0.46 0.134

PT 17.66+3.72 0.031

Abbreviations: PTH, parathyroid hormone; OSN, osteonectin; ALP,
alkaline phosphatase; PT, prothrombin time.

and other factors such as PT, Ca**, and vitamin D.

Discussion

Warfarin is an anticoagulant which reduces blood clotting
and is used to stabilize the INR which inhibits the synthesis
of vitamin K-dependent clotting factors. Overall, 99% of
the drugbinds to albumin after the oral absorption and only
1% becomes inactive by the CYP2C9 liver enzyme and is
excreted by the bile (8). Warfarin applies its anticoagulant
effect by competitive inhibition of the enzyme complex
(vitamin K epoxide reductase). The vitamin K epoxide
reductase is responsible for recycling the restored vitamin
K required for gamma-carboxylation (8-12). In this study,
calciumssignificantly decreased in the case group compared
to the control group (Table 2). Lack of vitamin K due to
the use of warfarin and thus the increased INR results in
decreasing the serum calcium. This is consistent with the

results of Helin et al (23) and Sokol'nikov et al (24) (Tables
2 and 3). In some cases, warfarin causes a 50% increase
in urinary excretion rather than affecting the absorption
of calcium through the intestines. Additionally, warfarin
leads to the calcification of blood vessels which reduces
blood calcium accordingly (23). Osteocalcin is regarded
as a non-collagenous protein in bone formation which
is dependent on vitamin K (5). This protein is activated
in the carboxylated glutamic residue after the translation
process while this conversion requires vitamin K which is
inhibited by warfarin. Therefore, it is anticipated that the
ratio of ucOC to carboxylated osteocalcin increases over
the period of warfarin consumption since carboxylated
osteocalcin is a form of osteocalcin which has a high
affinity for hydroxyapatite (25). Based on the findings,
the osteocalcin significantly increased in the case group
compared to the control group (Table 2), which is not in
line with the results of Menon et al (25). As a result, there
is a reverse relationship between the undercarboxylated
osteocalcin and serum calcium. This implies that the
amount of osteocalcin significantly increased in the control
group while calcium significantly reduced in this group
compared to the case group. PTH is considered another
important factor in regulating blood calcium and bone
metabolism (26). It facilitates the absorption of calcium
from the gut in calcium deficiency situation, by activating
the osteoclasts and absorbing the calcium from the bones.
In addition, PTH increases the calcium absorption from
the renal tubules and finally converts vitamin D to its active
form, that is, 1, 25-dihydroxyvitamin cholecalciferol in the
kidneys. Therefore, this hormone plays an indirect role in
calcium metabolism in the intestinal environment (27).
Based on the findings of this study, PTH levels increased
significantly (Table 2). The other variables which were
measured included serum levels of phosphorus and
magnesium. Serum level of phosphate significantly
decreased in the case group compared to the control group
while that of the magnesium increased insignificantly in
the case group compared to the control group. One reason
for such a reduction in phosphorus is the lower level of
PTH and calcium (Table 2). Magnesium absorption was
subjected to the parameters which were discussed in the
calcium case. However, the interference of vitamin D in
absorbing the magnesium has not yet established. Similar
to calcium, PTH increases reabsorbing the magnesium
which is necessary for the natural release of PTH (27).
Further, alkaline phosphatase is a metalloenzyme
which contains zinc and plays a significant role in bone
mineralization and substrate hydrolysis of the phosphate
in bone mineralization. The level of alkaline phosphatase
significantly reduced in the current study which is not
consistent with the results of Stenova et al (29). The
mechanism for this effect is not clear. However, it is
thought that warfarin affects the expression levels of many
proteins involved in bone metabolism including alkaline
phosphatase (28). The level of vitamin D3 was another
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variable which was evaluated in the current study (Table
2). The vitamin D3 level significantly reduced in the case
group compared to the control group and this reduction
is consistent with an increase in PTH since vitamin D3
inhibits PTH secretion. The result contradicts the results
obtained by Stenova et al (29). Furthermore, INR is an
index of the prothrombin time in which the effect of
warfarin is related to the serum calcium concentration. The
prothrombin or INR in case group increased significantly
compared to the control group in the present study. Based
on the results of this study, warfarin may increase the
INR which is inconsistent with the findings of Helin et
al (23). Moreover, a correlation was observed between
the osteocalcin and INR while PTH had no correlation
(P > 0.05) with other parameters of the study (Table 3).
In general, the study sought to investigate the correlation
between PTH and other variables. It was found that
there is a correlation between this hormone and alkaline
phosphatase. Additionally, a correlation was observed
among vitamin D3, PTH, calcium, and PT. Conversely,
alkaline phosphatase represented no correlation with
any of the above parameters while calcium is only
correlated with PTH. Finally, phosphorus and magnesium
demonstrated no correlation with any of the parameters
under investigation.

Conclusions

Despite the fact that bone metabolism is associated with
different parameters, it seems that the three parameters
osteocalcin, PTH, and vitamin D3 are more involved
in this respect. Vitamin D3 changes were observed in
patients by a reduction in taking warfarin. Therefore,
using warfarin may have an impact on the absorption and
metabolism of this vitamin. Based on the results of the
current study, it can be concluded that the consumption of
warfarin as an antagonist of vitamin K affects many body
parameters associated with bone metabolism, especially
calcium which in this case, it can cause cardiovascular
diseases and bone diseases including osteoporosis.
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