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SUMMARY

The circadian rhythm of biomarkers of bone for-
mation including osteocalcin and bone alkaline
phosphatase (BAP) was studied in the serum of
dromedary camels. Blood samples were collected
every 60 minutes for 24 hour from 10 healthy
adult female camels. ELISA was used to deter-
mine the concentrations of serum osteocalcin and
BAP. The results showed a marked fluctuation in

the concentration of osteocalcin during the 24

hour period with minimum and maximum levels

at 13:00 (01:00 pm) and 1800 (06:00 pm), respec-

tively. Slight fluctuation was observed in the con-

centration of BAP with minimum and maxi

s at 01:00 am and 12:00 pm, respectively.
was

mum

level
The correlation between the two biomarkers
It wa.s concluded that it is important to fix
alysis of osteo-

weak.
of blood sampling for an

ntrations, but not for BAP.

the time

calcin conce

INTRODUCTION

Diagnosis of bone diseases is a real problem in
humans and animals. The ability to diagnose sev-
eral types of bone diseases, such as stress frac-
tures, in early stages is considered a diagnostic
challenge. Bone fractures are real problem in
dromedary camels (Ramadan 1992, Gahlot and
Chouhan 1994). Radiography is the most widely
imaging technique used for the diagnosis of bone
diseases. However, radiography fails to diagnose
early stages of bone diseases. It has been reported
that approximately 30-40% changes in bone min-
eral density are required before bone changes can
be detected by radiographs (Greenfield 1986).
The development of other new procedures is nec-
essary to accurately assess the progression of
bone damage and evaluate the bone healing pro-
cess. Other modern imaging modalities have been

developed to diagnose bone disease in relatively

carlier stages. However, these modern imaging
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: includin
modalities have their disadvantages incl g

o iffi-
lack of specificity (nuclear sCInUES aphy), or di

i in large animals
culty of application especially in large animals

(computed tomography and magnetic resonance
imaging) (Park et al 1996). Therefore, more $pe-
cific, sensitive and applicable methods are needed
to identify early changes in bone and to monitor

therapeutic response and the healing process.

Biomarkers of bone are molecules of connective
tissue matrices released into biological fluids dur-
ing the process of bone turnover and reflect either
bone formation or resorption. The major advan-
tage of using bone biomarker analysis over the
other diagnostic techniques is its ability to diag-
nose early changes in bone and accurately moni-
tor its healing. Not like other diagnostic tech-
niques, biomarkers are not only specific to the
tissue but are specific for each structure. For ex-
ample, many bone biomarkers are specific for col-
lagen type 1 while others are specific for bone
mineralization. In addition, there are biomarkers
that are specific either for bone formation (synthe-

sis) or resorption. The assays used to assess the

levels of biomarkers are generally very accurate

and easy to apply, Recently, it has been reported

easily measureq in the serum
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Osteocalcin (gamma carboxy-glutamic acid-Gla)
also refered to as Bone Gla protein (BGP), s ,
small vitamin K-dependent and calcium binding
protein that contains 49 amino acids with three
Gla residues. It composes 1-20% of the noncol-
lagenous protein of the organic matrix of bope de-
pending on animal species, age, and site (Conn
and Termine 1985, Hauschka 1979, Price 1983
Osteocalcin is biosynthesized and secreted by os-
teoblasts (Beresford et al 1984, Camarda et 4
1987, Lian et al 1985) and is therefore considered
a specific osteoblastic marker produced during
bone synthesis. Most of the secreted osteocalcin
is deposited in the extracellular matrix of bone
and only a small amount enters the blood. Al-
though the precise biological function of osteocal-
cin in bone has not been determined yet, it has
been suggested that the protein plays a role in the
mineralization of bone matrix by regulating the
growth of hydroxyapatite crystals (Hauschka et al
1975, Hauschka and Gallop 1977, Boivin, ¢t al
1990). Therefore, it is considered a later markef
of osteoblastic differentiation. The circulating e
¢ls of osteocalcin have been used as specific b
markers for osteoblastic activity and bone formi

tion in metabolic bone diseases. The “Ormaci

(.:onceﬂlrations of osteocalcin have bech rCP:[;.

In humans (Markowitz et al 1984, Gundo®'® .

1985, Markowitz cf al 1987, Nielsen et al 19

eet?
Rosenquist et al 1995) and animals (Lep25

In
1991, Arican et al 1996, Collignon €** qeoctl”

05
humans and some animals, se™ '

!
uriﬂ“"“

. e 52 (ll v
concentrations have showed diurn
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that may be related to circadian rhythms in the

rate of bone formation (Markowitz et al 1984,

Gundberg et al. 1985, Markowitz et al 1987, Nicl-

sen et al 1988,
1997, Heuck et al 1998).

Lepage et al 1991, Greenspan et al

Alkaline phosphatasc is a membrane-bound en-
zyme that hydrolyzes phosphate esters. Its mech-
anism of release and specific function are still un-
known. Although total alkaline phosphatase
(TAP) is not specific to bone, its levels in serum
have shown correlation with bone formation rate
as assessed by calcium kinetics in normal humans
(Weaver et al 1997). TAP levels in serum consist
of several enzyme isoforms produced by bone,
liver, intestine, kidney, spleen and placenta (Moss
1987). The majority of TAP in serum is the liver
and bone isoforms. Bone-specific alkaline phos-
phatase (BAP) is the major component of TAP
and its level can be determined in the blood. The
normal levels of BAP have been determined in
humans (Rosalki & Foo 1984, Garnero and Del-
mas 1993, Gomez et al 1995, Hata et al 1996,
Price et al 1997) and animals (Farley et al 1992,
Hank et al 1993, Sanecki et al 1993). The circadi-
an rhythms of the concentrations of TAP have

been determined in serum of humans and horses

(Lepage et al 1991, Naylor & Eastell 1999).
The normal
the levels of serum osteocC

been studied in dromedary camels.

concentration and diurnal rhythms in
alcin and BAP have not

The purpose

E Vot Mt 1 niza.Vol.53.N0.3(2005)

of this study was to determine the normal concen-
trations of osteocalcin and BAP in serum of

dromedary camels and to determine their varia-

tions during the day.

MATERIALS AND METHODS

Camels

10 adult female camels, 6-9 years old, were used
in this study. The camels were in good health as
assessed by physical and clinical examinations in-
cluding body temperature, respiratory rate, heart
rate, renal and hepatic functions, gait, and loco-

motion.

Sample collection

Blood samples were collected in plain vacutainer
tubes from the jugular vein of each camel every
hour for 24 hours. Blood samples were centri-
fuged for 10 minutes at 3000 rpm to obtain serum.
The serum samples were aliquotted in tubes and

immediately stored at -20°C for 5 days.

Biomarker assays

Osteocalcin concentration was determined in ser-
um using a commercial immunoassay kit (Quidel
Cor.. California, USA) . Briefly, 25 pl of stan-
dards, controls, or samples were added to each
well of a 96-well plate previously coated with hu-
man osteocalcin. The plate was incubated for two

hours at room temperature after adding 125pl of
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ter wash-
, vell. Aftet
antiosteocalcin antibody to each we

. coniugate were
ing with buffer, 150 pl of enzyme conis

as incubated for
added to each well. The plate was incul

rashc l
. ' washec
one hour at room temperature and the

with buffer. After that, 150 l of working -\"h:
strate solution were added to cach well and the
plate incubated for 40 minutes at room tempera-
ture. Finally, 50 pl of stop solution were added to
cach well and the optical density was read at 405

nm using an automated plate reader.

A commercial immunoassay kit was used to as-
of BAP (Quidel
Cor.,California, USA). Briefly, 125 pl of assay

sess  the  concentrations
buffer and 20 pl of standards, controls, or serum
samples were added to each well of the coated 96-
well plate. After incubation for three hours at
room temperature, the plate was washed with
washing buffer, After adding 150 pl of working
substrate solution, the plate was incubated for 30
minutes at room temperature, Finally, 100 il of
Stop solution were added to each well and the op-
tical density was read at 405 nm using

an auto-
mated plate reader.
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Statistical analysis
A repeated measures design was useq ——_—
tistical model to evaluate the concentrations .

tcocalcin and BAP over time, A genera) linear
model procedure was used to study the individuy)
and time effect between two hours during the 5 an
period using SAS program, and the significancc
level was set at P< 0.05. Pearson cortelation .
efficient analysis was used to study the relation.-

ship between osteocalcin and BAP levels,

RESULTS

Figure 1 shows the mean concentrations of serum
osteocalcin. There is fluctuation in the concentra-

tion of osteocalcin during the 24 hour period with

minimum and maximum concentrations were at
1300h and at 1800 h, respectively.

Figure 2 shows the mean concentrations of serum
BAP for 24 hours. There was slight fluctuation in
the concentration of BAP. The minimum and
maximum concentrations of BAP were recorded
30100 h and at 1200 h, respectively. Lower cor

alat .teocalcin
relation Was observed between serum 0ste0cd
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Fig 1: The concentrations of osteocalcin in serum of camels during the 24
hours
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Fig 2 The concentrations of BAP in serum of camels during the 24 hours

and BAP concentrations have been used widely to assess

DISCUSSION skeletal status with emphasis to bone disorders in

humans (Markowitz et al 1984, Rosalki & Foo

Measurements of serum osteocalcin and BAP 1984, Gundberg et al 1985, Markowitz et al 1987,
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Niclsen et al 1988, Garnero & Delmas 1993, Ro-
senquist et al 1995, Gomez et al 1995, Hata et al
1996, Greenspan et al 1997, Price et al 1997,
Heuck et al 1998) and animals (Lepage ct al 199 L
Farley et al 1992, Hank et al 1993, Sanecki et al
1993, Arican et al 1996, Collignon et al 1996).

nere is no previous report describing the circadi-
in rhythm of osteocalcin in camels. The present
tudy has shown that the concentrations of serum
osteocalcin were significantly different over time
in camels. The maximum concentrations of osteo-
calcin were at 1800 h (0600 pm) and the level re-
markably decreased for the next three hours. The
level began to rise at 2200 h (1000 pm) and grad-
ually increased in for the following 5 hours. At
0400 h, the levels decreased and continued nearly
constant until at 1300 h (0100 pm) where it
reached the lowest concentrations. This showed
that there was a marked fluctuations observed in
the concentration of serum osteocalcin during the
24 hour period. Therefore, it is important to adjust
the time of blood collection for camels when the
goal is to measure the concentrations of osteocal-
cin. Osteocalcin has a half-life of around 5 min-
utes and that might explain the high circadian var-
iability of serum osteocalcin of camels (Naylor &
Eastell 1999). The diurnal variation in the cop-
centrations of serum osteocalcip in horses showeg
less fluctuation compared to what wyg found in
camels (Lepage et al 1991). The levels of serum

osteocalcin were not signiﬁcanlly different durin
g
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the day from 0700 to 1900 h (0700 pm) and the

minimum concentrations were in the early eve-
ning between 1900h (0700 pm) and 2000 h (0800
pm) (Lepage et al 1991). Then, the levels of ser-
um osteocalcin gradually rose during the night
and reached the maximum concentrations at 0500
h and finally dropped to a constant daytime leve]
around 0700 h (Lepage et al, 1991). In humans, it
has been shown that the levels of serum osteocal-
cin declined in the morning and reached a nadir
after 1200 h, then rose again to reach a maximum
concenlr;;tion around 0400h (Markowitz et al

1984, Markowitz et al, 1987; Nielsen et al 1988).

This study showed that the maximum and mini-
mum concentrations of serum osteocalcin in cam-
els were 41.37 and 22.5 ng/mL, respectively.
These were higher than what was reported in
horses (Lepage et al 1991). In addition to the spe-
cies effect, the assay used in the present study was
different from what was used in Lepage study
(Lepage et al 1991), Lepage et al used radioim-
munoassay procedure while the present study
used ELISA to determine the concentrations of
Serum osteocalcin. The serum samples in Lepage
et al study were stored at -25°C for three Weeks
whereas the serum samples of the present study
Were stored at -20°C for § days.

There wag slight fluctuation in the concenlration
of serum BAP during 24 hour period. There was

no Significant difference in the concentrations of

v
et.Med.J..Giza.Vol.SS.No.S(Zoos)
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serum BAP among the samples collected between

1900 h (0700 pm) and 09.00h. Therefore, there is

no need to fix the time of blood collection during

this period of time . However, there were signifi-

cant differences in the concentration of serum

BAP among
1000 h and 1800 h (0600 pm). Therefore, the

time of blood collection has to be fixed if the

the blood samples collected between

blood is collected between 1000 h and 1800 h
(0600 pm). In comparison to osteocalcin, the con-
centration of serum BAP was more constant dur-
ing the 24 hour period. This is may be due to the
half-life of alkaline phosphatase is around 40
hours (Crofton 1982). The minimum and maxi-
mum concentrations of serum BAP in camels
were at 0100 and 1200 h, respectively. In horses
there were marked fluctuations in the level of to-
tal serum alkaline phosphatase over 24 hour peri-
od with minimum concentrations at 1‘400 (0200
pm) and 0200 h and maximum concentrations at
1600 (0400 pm) and 0500 h. A cin‘éadian rhythm
for BAP has been reported in humans, but this
was small and parallel to the reduction in serum

albumin at night (Naylor & Eastell 1999).

The present study showed that the mean concen-
trations of serum BAP were 77.25 U/L. This is
higher than what was reported for horses (Hank et
al 1993) and less than what was reported for dogs
(Sanecki et al 1993) and humans (Gomez et al
as

1995). The concentration of serum BAP w

higher in camels compared to that in humans

Vet.Med.J. .Giza.Vol,.53.No.3(2005)

(Garnero et al 1993). However, different methods

in the different studies were used to measure the

concentrations of serum BAP. Price et al (1997)

compared between (wo immunoassays for meas-
uring BAP in serum of healthy children and the
results showed highly different values between
the two assays. This indicated that the type of as-

say used affects the concentration of the biomark-

er measured.

Osteocalcin and BAP are biomarker products of
osteoblast that can be used as indicators of bone

synthesis (Beresford et al 1984, Lian et al 1985,
Deftos 1991). Therefore, it was expected that
their concentrations in serum will have strong cor-
relation. However, the present study showed
weak correlation between serum osteocalcin and
BAP in camels. Similar results have been report-
ed in humans (Deftos et al 1982, Delmas et al
1990, Tracy et al 1990, Deftos 1991, Parthemore
et al 1993). The lack of having strong correlation
between the two biomarkers has been attributed to
technical differences in methods of assay or be-
cause these biomarkers reflect different stages of
osteoblast function (Delmas et al 1990, Tracy et
al 1990). In the present study, very similar immu-
noassay procedures have been used to determine
the concentrations of osteocalcin and BAP. There-
fore, the expected reason(s) for having poor corre-
lation between the two biomarkers can be attribut-
ed to biologic rather than methodologic causes. It

has been reported that BAP represents an early

879
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osteoblast biomarker because it presents 1n preos-
teoblasts and osteoblasts, whereas osteocalcin 18 a
later biomarker of osteoblast differentiation and

bone mineralization (Naylor & Eastell 1999).

In conclusion, the concentrations of osteocalcin
and BAP were assessed in the serum of drome-
dary camels. In camels, it is important to fix the
time of blood collection if the concentration of os-
teocalcin will be assessed. but this is less impor-
tant when the level of BAP is going to be as-
sessed. Although both osteocalcin and BAP are
ostoblast products, a weak correlation between
their concentrations was found in the serum of

camels.
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