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Figure 8. Transmission electron microscopy of calco­
spherites obtained on pHEMA + AlkP incubated in a 
synthetic body fluid enriched with iJ-glycerophosphate. 
(Note that they are composed of small tablets packed 
together). Bar = 0.5 J.tm. 

maps of phosphorus and calcium are strictly superim­
posed over the microscopic sites of mineral deposition. 
The Ca/P ratio clearly evidences calcium phosphate and 
X-ray microanalysis confirmed that hydroxylapatite was 
obtained. Magnesium is known to stabilize Ca-P depos­
its and was also evidenced in this study. The morphol­
ogy of these crystals and nodules are very similar to 
those described during the physiological mineralization 
process (Arsenault and Ottensmeyer, 1984; Bonucci, 
1987, Harrison et al., 1995). It has been demonstrated 
that such nodules could only be observed when AlkP is 
immobilized on a cell membrane via its phosphatidyl 
inositol tail. In the present study, the enzyme was 
physically immobilized inside the polymer chains of a 
pHEMA network, a condition that would have mimicked 
the PIG-tail anchorage. When prolonged incubations of 
pHEMA + AlkP pellets are done in synthetic body fluid 
containing only inorganic phosphates, a slight leaching 
of the enzyme was observed (data not shown), this was 
due to the swelling in surface of the polymer down to a 
30 J.tm depth. Several authors have reported that 
pHEMA was able to interact with calcium (Van de Mark 
and Lian, 1987) and to mineralize spontaneously when 
implanted into the body during prolonged periods 
(Sprincl and Novak, 1981). In the present study, no 
calcification of the pHEMA alone could be observed 
either in synthetic fluids or when an organic phosphate 
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was added. This study points out the leading role of 
AlkP in the process of inducing mineralization in the 
presence of organic phosphates. When induced, miner­
alized nodules appear able to grow spontaneously by 
nucleation of the mineral. 

Acknowledgements 

This work was made possible by grants from Pole 
Grand Ouest de Genie Biologique et Medical (contract 
1995-96) and by TRANSPHYTO SA, Clermont-Fer­
rand, France. Mrs. N . Gaborit is thanked for her help 
with the histochemical identification of AlkP. 

References 

Arsenault AL, Ottensmeyer FP (1984) Vizualisation 
of early intramembranous ossification by electron micro­
scopic and spectroscopic imaging. J Cell Bioi 98: 911-
921. 

Bahr GF, Mickel UV (1987) Mean, volume and di­
mensional distributions in biology, with special reference 
to cells. Anal Quant Cytol Histol 9: 341-354. 

Beertsen W, van den Bos T (1982) Alkaline phos­
phatase induces the mineralization of sheets of collagen 
implanted subcutaneously in the rat. J Clin Invest 89: 
1974-1980. 

Bonucci E (1987) Is there a calcification factor 
common to all calcifying matrices? Scanning Microsc 1: 
1089-1102. 

Brink A, Battmann A, F6lsch C, Schulz A (1996) 
Bone allografts primed with bFGF enhance human bone 
cell proliferation in vitro. Bone 17: 560. 

Buck BE, Malinin TI, Brown MD (1989) Bone 
transplantation and human immunodeficiency virus. An 
estimate of risk of acquired immunodeficiency syndrome 
(AIDS). Clin Orthop Rel Res 240: 129-136. 

Caswell AM, Whyte MP, Russell RGG (1991) Hy­
pophosphatasia and the extracellular metabolism of inor­
ganic pyrophosphate: Clinical and laboratory aspects 
Crit. Rev Clin Lab Sci 28: 175-232. 

Chappard D (1985) Uniform polymerization of large 
and very large blocks in glycol methacrylate at low 
temperature with special reference to enzyme histochem­
istry. Mikroskopie 42: 148-150. 

Chappard D, Montheard JP, Chatzopoulos M, 
Alexandre C (1992) Utilisations biomooicales d'une 
resine hydrophile: le 2-hydroxy ethylmethacrylate 
(Biomedical use of a hydrophilic resin: 2-hydroxy 
ethylmethacrylate). Innov Techno! Bioi Med 13: 322-
340. 

Chappard D, Fressonnet C, Genty C, Basle MF, 
Rebel A (1993) Fat in bone xenografts: Importance of 
the purification procedures on cleanliness, wettability 



Calcification of a Composite Polymer 

and biocompatibility. Biomaterials 14: 507-512. 
Fishman W A (1990) Alkaline phosphatase isoen­

zymes: Recent progress. Clin Biochem 23: 99-104. 
Gobel RJ, Anatova J, Googe JJ, Apple DJ (1987) 

Activation of complement in human serum by some 
synthetic polymers uses for intraocular lenses. 
Biomaterials 8: 285-288. 

Golub EE, Harrison G, Taylor AG , CamperS , Sha­
piro IM (1992) The role of alkaline phosphatase in 
cartilage mineralization. Bone Miner 17: 272-278. 

Harris H (1990) The human alkaline phosphatases: 
What we know and we don't know. Clin Chern Acta 
186: 133-150. 

Harrison G, Shapiro IM, Golub EE (1995) The phos­
phatidylinositol-glycolipid anchor on alkaline phospha­
tase facilitates mineralization initiation in vitro. J Bone 
Miner Res 10: 568-573. 

Huglin MB, Sloan DJ (1993) Incorporation of Ergo­
tamine into un-crosslinked poly (2-hydroxyethyl metha­
crylate). Angew Makromol Chern 118: 197-202. 

Kalal J (1984) The use of methacrylic polymers in 
medicine Makromol. Chern S7: 31-39. 

Kumakura M , Kaetsu I (1984) Effect of the polymer 
matrix on the thermal stability of immobilized trypsin . 
J Mol Catal 23: 1-8. 

Miura M, Sakagishi Y, Hata K, Komoda T (1994) 
Differences between the sugar moieties of liver and 
bone-type alkaline phosphatases: A re-evaluation . Ann 
Clin Biochem 31: 25-30. 

MontheardJP, Chatzopoulos M, Chappard D (1992) 
2-hydroxyethylmethacrylate (HEMA) ; Chemical proper­
ties and applications in biomedical fields. J Macromol 
Sci Macromol Rev 32: 1-34. 

Montheard JP, Kahovec J, Chappard D (1996) 
Homopolymers and copolymers of2-hydroxyethylmetha­
crylate for biomedical applications. In: Functional 
Polymers for Emerging Technologies. Arshady R (ed.). 
Am Chern Soc, Washington, DC (in press). 

Prolo DJ, Rodrigo JJ (1985) Contemporary bone 
graft; Physiology and surgery. Clin Orthop Rei Res 200: 
322-342. 

Robert CR, Buri PA, Peppas NA (1987) Influence 
of the drug so!ubility and dissolution medium on the 
release from poly (2-hydroxyethyl methacrylate) micro­
spheres. J Control Release 5: 151-157. 

Russ JC (1990) Computer-Assisted Microscopy, the 
Measurement and Analysis of Images. Plenum, New 
York, NY. pp 129-174. 

Serra J (1982) Image Analysis and Mathematical 
Morphology. Academic Press, London. pp 385-387. 

Smetana K Jr, Stol M, Korbelar P, Adam M (1992) 
Implantation of p(HEMA)-collagen composite into bone. 
Biomaterials 13: 639-642. 

Sprincl L, Novak M (1981) The initial stage of cal-

19 

cification in porous hydrophilic polymers. J Biomed 
Mater Res 15: 437-440. 

Tenenbaum HC, McCulloch CG, Fair C, Birek C 
(1992) Osteogenic phase-specific co-regulation of 
collagen synthesis and mineralization by J]-glycero­
phosphate in chick periosteal cultures. Bone 13: 129-
138. 

Van de Mark MR, Lian ND (1987) The interaction 
of calcium with HEMA/MMA copolymers. J Polym Sci 
25: 327-330. 

van den Bos T , Beertsen W (1994) Mineralization 
of alkaline phosphatase-complexed collagenous implants 
in the rat: Relation with age, sex , and site of implan­
tation. J Biomed Mater Res 28: 1295-1301. 

Whyte P ( 1989) Alkaline phosphatase: Physiological 
role explored in hypophosphatasia. In: Bone and Mineral 
Research. Peck WA (ed.) . Elsevier, Amsterdam 6: 175-
218. 

Wichterle 0 , Lim D (1960) Hydrophylic gels for 
biological use . Nature 185: 117-118. 

Wuthier RE (1982) A review of the primary mecha­
nism of endochondral calcification with special emphasis 
on the role of cells, mitochondria and matrix vesicles. 
Clin Orthop Rei Res 169: 219-242. 

Yamada S, Nakamura T , Kokubo T , Yamamuro M 
0 (1994) Osteoclastic resorption of apatite formed on 
apatite- and wollastonite-containing glass- ceramic by a 

simulated body fluid . J Biomed Mater Res 28: 1357-
1363. 

Zavrel V, Stol M (1993) p(HEMA) composite as 
allografting material during therapy of periodontal 
disease: Three case reports. Biomaterials 14: 1109-1112. 

Discussion with Reviewers 

Reviewer ll: Since the media used are not directly 
comparable with any body fluids, the term "body fluid" 
should be replaced by "medium." 
Authors: The term "body fluid" is now common in the 
scientific literature and has been reported by numerous 
authors. We do not agree to substitute it by "medium;" 
the synthetic fluid used here is the reflection of the ionic 
composition of human extracellular body fluids . 

Reviewer ll: The authors added 10 mM J]-glycerophos­
phate to the incubation mixture in order to provide a 
suitable source of phosphate ions. Is this concentration 
comparable to the concentration of monophosphate esters 
in body fluids of living organisms? 
Authors: The 10 mM /1-glycerophosphate concentration 
has been shown by numerous authors to be the optimal 
source of organic phosphates for cultured osteoblastic 
cells (Anagnostou et al., 1996). This concentration 
corresponds to the organic phosphate level of the serum 
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(Ecarot and Glorieux, 1991). In the present study, the 
Dulbecco's Modified Eagle's Medium (DMEM) culture 
medium free of {1-glycerophosphate but containing 
organic phosphate compounds was found to provide 
strictly similar results. 

Reviewer II: To what extent has the biomaterial the 
property to mineralize when installed in the animal 
body? 
Authors: The aims of this study were to present the 
preparation, characterization and in vitro properties of 
the material. Cultures of osteoblast-like cells have been 
done on this material and the cells exhibited a preferen­
tial adhesion to the crystals. Animal studies are also 
being conducted in this laboratory. A recent paper (Pia­
telli et al., 1996) has reported that alkaline phosphatase 
coated implants produce an increase amount of bone. 

P. Li: Is any precipitation in the solutions containing a 
phosphate organic molecules during incubation with the 
composite? 
Authors: There is some precipitation in the organic 
phosphate solutions around pellets when incubated with 
the composite material but this is a known phenomenon 
(that was not studied in this study) which is due to free 
enzyme activity. 

Additional References 

Anagnostou F, Plas C, Nefussi JR, Forest N (1996) 
Role of {1-GP-derived Pi in mineralization via ecto­
alkaline phosphatase in cultured fetal calvaria cells. J 
Cell Biochem 62: 262-274. 

Ecarot B, Glorieux FH (1991) Osteoblast cultures: 
A valuable tool for the study of hypophosphatemic vita­
minD-resistant rickets. In: Rickets. Glorieux FH (ed.). 
Nestle Nutrition Series vol. 21, Raven Press, New 
York, pp. 79-89. 

Piatelli A, Scarano A, Corigliano M, Piattelli M 
(1996) Effects of alkaline phosphatase on bone healing 
around plasma-sprayed titanium implants: A pilot study 
in rabbits. Biomaterials 17: 1443-1449. 

20 


