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BIOCHEMICAL CHARACTERIZATION
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Chicken calvarial bone is known to contain various cell types, but their exact composition is unknown. By
characterizing the chicken calvarial bone biochemically, it can be used to study biochemical, histochemical actions of bone
cells in general.

‘Calvaria of 18-day-old white leg horn embryo was aseptically dissected and bone cell populations were isolated by
sequential enzymatic digestion.

Histochemical study for osteoclast-like bone cell population was performed with tartrate resistant acid
phosphatase(TRAP) stain and for osteoblast-like bone cell population, alkaline phosphatase(ALP) stain was performed.
Biochemical study for osteoblast-like bone cell population was performed using alkaline phosphatase(ALP) assay.

Following conclusions were obtained from this study.

1. TRAP positive multi and mononuclear cells were mostly observed in group I and I, indicating that osteoclast-like
bone cell population is mostly found in these groups.

2. All the cultured groups showed almost equal ALP activities and were positive for ALP stain, indicating that
osteoblast-like bone cell population is evenly dispersed in all culture groups.

3. Experimental group treated with 1,25(0OH).D; showed increase in ALP activity in contrast to the control group,
confirming previous studies that 1,25(0OH).Ds increases ALP activities in in vitro bone cultures.

4. Results from von Kossa's stain indicated that in vitro bone formation had occured after 3 weeks of culture with beta-

glycero phosphate.
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rthodontic tooth movement is possible by

means of resultant interactions between the

applied force, the periodontal ligament and the
alveolar bone. Biochemical, histochemical actions
regarding alveolar bone must be clarified for better
understanding of biophysical principles of orthodontic
tooth movement'”.

Biochemical researches in orthodontics have been
performed partly on animals and partly on human
subjects using cell culture techniques.

Cell culture techniques were developed for the study
of behavior of animal cells free of systemic variations
that might arise in the animal both during normal
homeostasis and under the stress of any experiment'’.

The use of isolated bone cells, free from their matrix
and grown in culture has become an important tool in
skeletal research”.

Various methods for the isolation of periosteal cells
from ratZ), mouselS), and chicken® calvaria have been
described. Among these, the sequential enzymatic
digestion procedure of mouse calvaria® was develo-
ped with the aim of separating osteoblasts from
osteoclasts. Such separation of the two types of bone
cells with opposite activities in the bone metabolism
has important meaning in cell biological studies™.

The method devised for chicken calvaria® aimed at
enriching one cell population designated osteogenic
cells as “OB” and another population of primarily
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periosteal fibroblasts as “PF”.

Characterization can be defined as a process of
discriminating two distinct bone cell populations by
assessing biochemical and histochemical properties.
Luben et. al¥ measured six metabolic and enzymatic
activities, including acid and alkaline phosphatase,
hyaluronate synthesis, citrate decarboxylation, prolyl
hydroxylase and general protein synthesis. Cohn et. al®
measured morphology, adherance to polymeric sur-
faces, hormone stimulated accumulation of cAMP, acid
and alkaline phosphatase, synthesis of hyaluronic acid,
decarboxylation of citrate and collagen prolyl hydroxy-
lase for the characterization of separated bone cells.

In the present report, using isolated bone cells from
18-day-old embryonic white leg homn calvaria,
histochemical study with tartrate resistant acid phos-
phatase(TRAP) stain was done to verify osteoclast-
like bone cell group(OC group). For the charac-
terization of osteoblast-like cell group(OB group),
histochemical study with alkaline phosphatase(ALP)
stain and von Kossa’s in situ stain were performed
and biochemical study with alkaline phosphatase
assay was carried out.

Primary cultures of cells growing out from bone
chips obtained by sequential enzymatic digestionzn of
tissue were shown to undergo in vitro an ordered
pattern of differentiating events, if kept unpassaged in
medium containing ascorbic acid and beta glycero -
phosphatel’lg). Von Kossa’'s in situ stain can identify
calcium phosphate deposition, which indicates diffe-
rentiation of the bone matrix.

Expression of alkaline phosphatase(ALP) in embry~
onic rat calvaria, in embryonic chick tibia and in adult
human osteoblasts is an early event in the osteogenic
differentiation®. Although the function of skeletal
ALP in vivo is unknown, the enzyme is thought to be
involved in the hone fonnationml‘zz), and skeletal ALP
is localized in the plasma membranes of osteoblasts.
In vitro studies have shown that the amount of ALP
activity in fetal rat calvaria is proportional to the rate
of collagen production”,and in vivo studies with
normal young mice have shown a correlation between
serum ALP activity and osteoblast number?. And
finally, the amount of skeletal ALP activity in human
serum is known to be proportional to the rate of bone
formation, at least when both are elevated, as in

young children® and patients with Paget’s disease!”.
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Previous studies with rat osteogenic sarcoma cells
have shown an increase in ALP activity after
treatment with 1,25 dihydroxyvitamin Ds [1,25
(OH):Ds), and that receptors were necessary in cell
lines which démonstrated this responseZS). In this
report, bone cells from 18 day old embryonic white leg
horn calvaria were treated with 1,25(0H):Ds, to see
whether it had similar effect on ALP activity as in
previous experiments using different species. '

The purpose of this study can be summarized as
follows. : chicken calvarial bone is known to possess
various cell types but their biochemical characteri-
zation has not been made. By characterizing the chick
calvarial bone cells, this study can be used as a basis
for the future studies regarding biochemical, histo-
chemical actions of bone cells in general.

MATERIALS AND METHODS
1. Bone Cell Isolation and Culture

A modification of sequential enzymatic digestion of
Wong and Cohn™ was used to obtain population of
bone cells. Calvaria of 18-day-old white leg horn
embryo were aseptically removed, cleaned of adherant
connective tissues and transferred to Reactivial
(Pierce, Rockford) containing 15ml of enzymztic
solution of 0.01% collagenase, 0.05% trypsin, and
0.5mM EDTA. The calvaria was stirred slowly for 15
minutes at room temperature and digestion fluid
containing released cells was transferred to 15ml
centrifuge tube. 35ml of Hank’s balanced salt
solution(HBSS,Gibco) was added to dilute the
enzymatic solution and the cells were harvested by
centrifugation at 4° C for 10 minutes at 200g.

Supernatant fluid was decanted and cell pellets
were resuspended in culture medium of minimum
essential medium(MEM,Gibco) + 10% fetal bovine
serum(FBS, Gibco) by vortexing slightly. Suspended,
isolated cells were placed in 60 mm culture dish
containing 3ml of culture medium and incubated at 37
* C, in 95% humidity with 95% air and 5% Cop. Fresh
enzyme solution was added to the calvaria remains
and the procedures above were repeated until 5
groups of isolated cells were collected.

Culture medium was initially changed overnight and
every 48 hours subsequently. All groups of isolated



cells were cultured for 6 - 7 days before any study
was performed.

2. Histochemical Study

A. Histochemical Study for OC-like bone cell popu-
lation.

Tartrate resistant acid phosphatase(TRAP) stain
was performed using tartrate resistant acid phos-
phatase kit(Sigma). A fragment of isolated cells from
each group was transferred to multi-well tissue
culture dish(Falcon), and placed in 37° C incubator for
60 minutes. Attached cells were washed with
Delbecco’s phosphate buffer saline(D-PBS, pH 7,
Gibco) for 30 seconds with citrate-acetone-
formaldehyde fixatives. Fixtures were rinsed with
prewarmed distilled diluted water (DDW).

Naphthol AS - BI phosphate solution and fast
gamet GBC base+acetate buffer were used as
substrate and dye mixture, respectively. The mixtures
were incubated at 37° C for 1 hour and counterstained
with hematoxylin solution. After staining dishes were
sealed and observed at 100X, 200X magnifications by
light microscope, TRAP positive multi-, mononuclear
cells were .»Hunted for each of the dishes and
photographs were taken.

B. Histochemical Study for OB like bone cell
population

Alkaline phosphatase stain was performed using
alkaline phosphatase kit(Sigma). Isolated hone cells
were cultured to confluency and their culture medium
was removed. After washing with DPBS, cells were
fixed with citrate-acetone-formaldehyde fixative.
Napthol AS-BI phosphate (Sigma) and fast blue BB
base (Sigma) were used as a substrate and alkaline
dye mixture respectively. The mixtures were
incubated at room temperature for 15 minutes and
counterstained with neutral red solution. After stai-
ning, dishes were sealed and observed at 100, 200x
magnifications using light microscope.

C. von Kossa's stain for in vitro bone formation.
Von Kossa’'s in situ staining was performed to ve-
rify calcium phosphate deposition by OB-like hone
cell population. 1.1ml of ascorbic acid and ImM of
beta-glycerophosphate were added to normal medium
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of MEM + 10% FBS. The cells were cultured for
minimum of 3 weeks hefore staining was performed.

3% silver nitrate solution was used as a dye
mixture and dishes were incubated by direct sun light
for 30 minutes. Counterstaining with toluidine blue
was performed. After staining, dishes were sealed and
observed at 100X, 200X magnifications by light
microscope. Cells were counted and photographs were
taken.

3. Biochemical Study

Alkaline phosphatase(ALP) assay was performed to
determine ALP activity. After the cells were cultured
to confluency, ™edium was removed and cells were
treated with DPBS after incubating at 37° C , for 2
hours. After cells were collected by centrifugation at
220g for 10 minutes and 0.5ml of triton X-100/saline
was added. Cells were lysed by sonication at 30%
output for 10 seconds, using ultrasonic dismembra—
nator(Fisher) and 0.2ml of celt lysate was used for
ALP assay and 0.2ml of cell lysate was used for
protein determination. For ALP assay, cell lysates
were mixed with 01 N glycine-I~aOH buffer
containing 15mM p-nitro phenyl phosphate(PNPP).
The samples were incubated at 37° C for 30 minutes,
placed in ice, and the reaction was terminated by
dilution with 2.5ml of 0.IN NaOH. Absorbance was
read at 410 nm by spéctrophotometer.

Protein was determined by modified Lowry’s
methodm, using 1.3mg/ml of bovine serum albumin
(fraction V, Sigma) as standard solution. Absorbance
was read at 540nm by spectrophotometer.

RESULT

The results for histochemical study for osteoclast-
like bone cell population using tartrate resistant acid
phosphatase(TRAP) staining, are summarized in
Table 1 and Figure 1. TRAP positive multi-, mono-
nuclear cells, which could be designated as
osteoclast— like bone cell, were observed primarily in
group I and IL

The results of biochemical study for osteoblast—
like cell population using alkaline phosphatase(ALP)
assay are summarized in Table 2 and Figure 2.
Almost equal amount of ALP activities were observed
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Table 1. Results of histochemical study for OC like
bone cell population(TRAP stain)
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Fig. 1. Results of histochemical study for OC-like

bone cell population(TRAP stain)
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Table 2. Results of biochemical study for OB like
bone cell population(Cleared PNPumol
/hr/mg prot.)
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Fig. 2. Results of blochemical study for OB-like
bone cell population(Cleared PNPumol/hr
/mg prot.)

Table 3. Comparison of biochemical study for OB like bone cell population between 1.25(0H)2D3 treated and

control.(Cleared PNPumol/hr/mr prot.)

- e m v v
VitD- 412+ 033 307+ 046 U5+ 017 192+ 001 162+.0%
VitD+ 147+ 42 27£01 417+ 045 3524035 24+ 012

Datas are mean<standard error

in all the groups, indicating that OB-like bone cells
were evenly distributed in all the groups.

Comparison of ALP activity between 1,23(OH):Ds
treated group and control group is shown in Table 3
and Figure 3. All of the treated groups showed increse
in ALP activity although statistical differences were
not found.

Figure 4 and 5 are photographs of ALP staining,
taken in 100 X magnification. Cells exhibiting ALP
activities are stained in violet color, and they are
arranged in clusters.

Figure 6 and 7 are photographs for von Kossa's in
situ staining, taken in 100X magnification. Those sta-
ined in dark brown are deposited calcium phosphates,
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which indicate bone nodule formation by osteoblast-
like cell population in vitro.

DISCUSSION

In this study, bone cells from the calvaria of 18-day
-old embryonic white leg horn were isolated. Isolation
and culture of bone cells has been previously
described by others™. For the present study, however,
calvariae of fetal chicks were used instead of those
from fetal mice or rats. Fetal chicks have the
advantages of being cheaper and easier to handle.
Moreover, the periosteum is much easier to remove
from a fetal chick calvarium than from a fetal mouse
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Fig. 8. Comparison of biochemical study for OB-like
bone cell population between 1,25(0H)2D3
treated and control. (Cleared PNPumol/hr/mr
prot.)
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or a fetal rat calvarium, which means less damage to
the underlying layer of osteoblasts.

The most important reason for choosing the chick
calvarium was because the biochemical characteri-
zation of the chick calvarium has not been reported.
Despite all the advantages cited above, chick calvar-
ium has not been used as experiment materials
extensively. By investigating basic biochemical and
histochemical properties regarding the chick calva-
rium, it is hoped that this study provides a basis for
future studies regarding properties of bone cells in
general.

In the previous studies, osteoclast-like bone cell
population was postulated on the basis of their
biochemical properties, ie., their responsiveness to
calcitonin and parathyroid hormones and their
capacity to resorb dead bones when stimulated by

Fig. 4, 5. Alkaline phosphatase stain for OB-like bone cell population(100X magnification)

Fig. 6, 7. Von Kossa’s stain for in vitro bone formation by OB-like bone cell population(100X magnification)
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parathyroid hormones'®. However, histochemical ide~
ntification of the cells was not presented. In the
chicken procedure no evidence for osteoclasts or their
precursors was found at all®.

But in this study, the presence of osteoclast-like
bone cell population was postulated by counting
TRAP positive multi~, and mononuclear cells accor-
ding to previous study which denominated TRAP as
a histochemical marker for osteoclasts™.

The results demonstrate that cell populations
obtained by sequential enzymatic digestion of chick
calvarium can be further fractioned into osteoclast-
like and osteoblast-like cell populations, after his-
tochemical and biochemical studies. Analysis of these
populations demonstrates that OC-like bone cell
populations were dispersed in all groups, although
their numbers, determined by counting TRAP positive
multi-, mononuclear cells, declined drastically after
group II. All groups showed high levels of alkaline
phosphatase activity and were positive for ALP stain.
The activity of ALP together with the ability to form
type I collagen, has been used as a indicator for
osteoblast- or osteoblast-like bone cell populationw.
In this study, only the ALP activity was measured
because only the evidence for presence, not the
quantity, of osteoclasts was needed for the charac-
terization of the chick calvarium.

Controlled sequential digestion of fetal chick
calvaria provides relatively pure populations of
OB-like bone cell population except in early re.cased
bone cell groups in which contaminations of
osteoclast-like cells are seen(group I and II).

On the basis of von Kossa's staining for calcium
phosphate deposition or the presence of electron dense
areas in electron 'micrographs, several previous
studies have demonstrated that beta-glyceropho-
sphate promotes the calcification of the extracellular
matrix produced by osteoblasts®. The results from
this study confirm this finding. Extracellular matrix or
bone nodules formed by OB-like bone cell populations
were observed in all the experimental groups.

This study showed that 1,25(OH):Ds treatment
resulted in an increase in the specific acivity of ALP
in the chick calvarium. Radicimmunoassay from
published studies reported that the absolute amount of
bone iscenzyme protein was significantly higher in
cells which had been treated with 1,25(OH).Ds. This
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could result from increased synthesis or decreased
degradation of ALP protein, and demonstrates that the
increase in phosphatase.

Specific activity is not merely due to a direct
activation by 1,25(0OH):Ds of preexisting phosphatase
molecules™. The mechanism by which 1,25(OH).Ds
increases the activity of the bone type alkaline
phosphatase isoenzyme appears to be a specific
activation, which requires the presence of the 1,25
(OH):Ds receptor.

Recently-it was shown that in cell lines that do not
possess the specific receptors for 1,25(0OH):Ds, ALP
secretion was not stimulated, indicating a direct
involvment of 1.25(OH):Ds in bone mineralization®.
However, it was demonstrated on mouse calvaria
osteoblastic cells that analogues of vitamin Ds, dose-
dependently, induced ALP activity in vitro, requiring
effective concentrations of 100 or 1000 times the
1,25(0OH):Ds to produce equivalent amount of stimul-
ation of the enzymelg). Moreover, increased ALP
activity in rat osteogenic sarcoma cells cultured in the
presence of 125(0H):Ds is mediated through the
specific 1,25(0H)D; receptor and involves RNA
transcription and new protein synthesis, indicating
that 1,25(0H)-Ds is closely linked to the differentiation
of osteoblasts in vitro.

CONCLUSION

Following conclusions were obtained after histo-
chemical and biochemical studies for OC- apd
OB-like. bone cell populations. TRAP stain was
performed to verify OC-like bone cell population and
for OB-like bone cell population, ALP stain and ALP
assay were performed.

Von Kossa's stain was employed to see whether in
vitro bone formation is possible by OB-like bone cell
population. And finally, the effects of 1,25(0OH)2Ds on
ALP activity was assessed.

1. TRAP positive multi- and mononuclear cells were
mostly observed in group I and II, indicating that
OC-like bone cell population is mostly found in
these groups.

2. All the cultured groups showed almost equal ALP
activity and were positive for ALP stain, indicating
that OB-like bone cell population is evenly disper-
sed in all culture groups.



3. Experimental group treated with 1,25(0OH)Ds
showed increase in ALP activity in contrast to the
control group, confirming previous study that
1,25(0H)2Ds increases ALP activity in in vitro bone
cultures.

4. Results from von Kossa’s stain indicated that in
vitro bone formation had occured after 3 weeks of
culture with beta-glycero phosphate.

Author Address

Jae-Hyung Yu, D.D.S., M.S.D.

Department of Orthodontics, College of Dentisiry,
DanKook University.

Ahnseo-Dong San 29, Cheonan,

330-714, Korea

Tel) 82-417-550-1941

Fax) 8-417-552-2273

REFERENCES

1. Aronow, M.A : Factors that promote progressive deve-
lopment of the osteoblast phenotype in cultured fetal rat
calvaria cells. J. Cell. Physiol. Vol. 143 : 213-221, 1990.

2. Aubin, J.E. : Isolation of bone cell clones with difference
in growth, hormone responses, and extracellular matrix
production. Cell. Biol., Vol 92, : 452-461, 1982.

3. Bellows, C.G.,, Aubin, J.E.: Mineralized bone nodules
formed in vitro from enztmatically related rat calvaria
cell populations, Calcif. Tissue Int. Vol.38 : 143-154, 1986.

4. Boonekamp, P.M., Hamilton, JW. : Effect of culture on
the hormone responsiveness of bone cellls isolated by an
improved sequential digestion procedure. Proc.Kon.
Acad.Wet.B, Vol 87 : 371-334, 1924

5. Burger, EH. Gevel, ]S.:In vitro formation of
osteoclasts from long term cultures of bone marrow
mononuclear phagoctes. J. Exp. Med. Vol 156:
1604-1614, 1982.

6. Burger, EH. : Osteoclast and osteoblast precursors in
primary culture of calvaria of calvaria bone cells., The
Anat.Record. Vol. 214 : 32-40, 1986.

7. Canalis, E. : Effect of hormones and growth factors on
alkaline phosphatase activity and collagen synthesis in
cultured rat calvariae. Metabolism Vol.32 : 14-20, 1983

8. Clark, L.C. : Serum alkaline phosphatase and growth in
adolescent children. J. Pediater. Vol 36 : 335-341, 1950.

9. Cohn, D.V. : Skeletal Research , Academic Press, Inc.
1979.

10. Freshney, RI : Culture of animal cells : A manual of

11.

12.

13.

14.

15.

16

17

18

20

21.

26.

o

21,

Vol. 25, No. 6, 1995. Korea. J. Orthod.

basic techniques 3rd edition, Wiley -Liss, 1994.

Graber, T.M. : Biomechanical principles and reactions,

Orthodontics : Current Principles and Techniques 2nd

edition, Mosby, 1994,

Haneji, T, lkeda, K. :1,25-dihydroxyvitamin D; and

analoques of vitamin Ds induce alkaline phosphatase

activity in osteoblastic cells derived from newborn mouse

calvaria. J. Biochem. Vol94 : 11-27, 1983.
Lauffenburger, T. : Bone remodeling and calcium meta~

bolism : A correlated histomorphometric, calcium kinetic,

and biochemical study in patients with osteoporosis and

Paget’s disease.Metabolism Vol.26 : 589-597, 1977.

Lowry, O.H., Rosenberg : Protein measurement with the

folin pheno reagent, J. Biol. Chem.Vol 193 : 265, 1951.

Luben, R.A.: Biochemical characterization with
parathormone and calcitonin of isolated bone cells :

Provisonal identification of osteoclasts and osteoblasts.

Endocrinology, Vol 99 : 526-534, 1976.

. Luben, R.A., Wong, G.L.: Parathormones-stimulated
resorption of devitalized bone by cultured osteoclast-type
bone cells. Nature, Vol.268 : 629-630, 1977.

. Manolagas, S.C.: 1,25-dihydroxyvitamin Dj stimulates
the alkaline phosphatase activity of osteoblast-like cells.
J. Biol. Chem. Vol. 256 : 7115, 1981.

. Manolagas, S.C. et al : Mechanism of action 1,25-dihy-
droxyvitamin Ds-induced stimulation of alkaline pho-
sphatase in cultured osteoblast like cells. Mol. Cell.
Endocrinol. Vol.33 : 27, 1983.

. Manuca, P., Canceda, R : Chondrogenic differentiation in
chick embryo osteoblast cultures. Eur. J Cell Biol, Vol 57
1 193-201, 1992

. Manuca, P. : Differentiation of alkaline phosphatase in

clones of human osteoblast-like cells. J. of Bone and

Min. Res.Vol 82 291- 300, 1993.

Marie, P.J., Travers, R.: Continuous infusion of 1,25

(OH):Ds, stimulates bone turnover in the normal young

mouse. Calcif Tissue Int Vol 351 418-425, 1983.

. McComb, RB., Bowers, : Alkaline Phosphatase, New
York, Plenum, 1979.

. Minkins, C. : Bone acid phosphatase : TRAP as a marker
of osteoclast function. Calcific. Tis.Int. Vol.34:285, 1982.

. Moen, R.C., Rowe, D.W. : Regulation of procollagen syn-
thesis during the development of chick embro calvaria. J.
Biol.Chem. 254 : 3526-3530, 1979.

. Mulkins, M. : 1,25-dihydroxyvitamunl): increases bone

alkaline phosphatase isoenzyme levels in  human

osteogenic sarcoma cells. The ]. of Biol. Chem.Vol 258 :

6219-6225, 1985
Nijweide, P.J., Schert, J.P. : Biochemical and histological

studies on various bone cell preparation. Calcif.

Tissue.Int., Vol 33 1529540, 1981.

Nijeweide, P.]., Hulder, R.]. : Indentification of osteocyvtes

703



Jae-Hyung Yu, Jung-Kun Kim, Kyung-Suk Cha

in osteoblast-like cell cultures using a monoclonal
antibody specifically directed against osteocytes. Histo-
chemistry Vol 84 : 342-347, 1986.

28. Peck, W.A., Birge, S.J. : Bone cells ; biochemical and
biological studies after enzymatic isolation.Science, Vol
146 : 1476-1477, 1964.

29. Peck, W.A., Carpenter, J. : Cyclic 3'5' adenosine mono-
phosphate in isolated bone cells : response to low
concentrations of parathyroid hormone, Endocrino-
logy.Vol.92 : 692-697, 1973.

30. Robison, R.:The possible significance of hexose-
phosphoric esters in ossification. Biochem. J. Vol.17 :
286-294, 1923.

31. Siffert, R.S.:The role of alkaline phoshatase in
osteogenesis. J. Exp. Med. Vol. 93 : 415-422, 1951.

32. Wong, G.L., Cohn, D.V. : Target cells in bone for para-
thoromne and calcitonin are different : enrichment for
each cell type by sequential digestion of mouse calvaria
and selective adhesion to polymeric surfaces. Proc. Natl.
Acad. Sci. USA Vol 72 : 3167- 3171, 1975.

KOREA. J. ORTHOD. 1995 ; 256 : 697-704

704

Biochemical characterization of embryonic chick calvarial cells



