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In Vitro and In Vivo Inhibition of Hydroxyapatite Formation and 

Dissolution by Bisacylphosphonates and Bishydroxyiminophosphonates 

E. Breuer, G. Golomb, A. Hoffman, A. Schlossman, J. M. Van Gelder, H. 

Saadeh, M. Levi, and Y. Eitan, 

The Departments of Pharmaceutical Chemistry and of Pharmacy, School of 

Pharmacy, The Hebrew University of Jerusalem, Jerusalem 91120, Israel 

Introduction 

Certain irregularities in calcium metabolism such as Paget's disease, 

osteoporosis, as well as osteolysis in bone cancer, are characterized 

by excessive destruction of the bone by resorption. In contrast, a 

number of clinically important diseases, for example, atherosclerosis, 

kidney and renal calculu8, arthritis, and bioprosthetic heart valve 

calcification are characterized by the deposition of calcium 

phosphate. nis~hosphonates are a relct3vely new class of drugs, that 

have been used in these diseases to inhibit both mineralization and 

bone resorption, following the recognition, that they are stable 

analogs of endogenous pyrophosphate, which is a physiological 

inhibitor of calcification and bone resorption.% A number of geminal 

bisphosphonates, namely, Pamidronate (ABP), Etidronate (HEBP), and 

Clodronate (ClMBP), have been approved for clinical use. 

Pamidronate Etidronate Clodronate 
ABP HEBP ClMBP 

Since current research in this field has been confined solely to P-C-P 

type compounds, we considered it of interest to extend the synthe- 

tic effort to other types of structures which can reasonably be expec- 

ted to interact with hydroxyapatite (HAP) and with calcium, and yield 

new biologically active compounds. In vitro and in vivo testing of new 

chemical classes of bisphosphonates would provide increased understan- 

ding of the relationship between chemical structure and biological ac- 
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tivity, and might stimulate the development of new generations of such 

drugs. In contrast to geminal bisphosphonates, monophosphonates, vici- 

nal bisphosphonates (compounds characterized by the type of structure: 

P-C-C-P), and compounds in which the distance between the phosphoryl 

groups is greater (P- (C) n-P , n>2 ) have been reported to be inactive 

with respect to calcium-related disorders." We hypothesized that long 

chain bisphosphonates might be made active in mineralization-related 

disorders, by introducing into them additional donor groups in posi- 

tions adjacent to the phosphonic functions. In our approach to the 

problem of designing novel types of compounds to interact with calci- 

um, we decided to concentrate on a,a'-diketobisphosphonates and their 

oximes as compounds having two calcium binding sites, each binding 

site consisting of one phosphonate function combined with an additio- 

nal group capable to serve as a ligand. In this communication we wish 

to report on the synthesis and the study of anticalcification and an- 

tiresorptive properties of some bisacylphosphonates and bishydroxyirni- 

?r;!~=~!xl--tnr. s?:r'Lp.! i-: v i trn  ?--d L n  vivo. 77- found ?hat compounds 

belonging to these classes interact with HAP formation and dissolution 

in vitro, and inhibit in vivo both the pathological calcification of 

bioprosthetic heart valve tissue cusps and the release of tetracycline 

from bone, which is a means for measuring bone resorption. 

Results and Discussion 

Synthesis 

Following previous reports from our laboratory on the synthesis and 

characterization of simple acylphosphonic acids" and oximes4 we prepa- 

red the two bisacylphosphonate salts reported here, AdBP and SuBP, 

from the corresponding tetramethyl bisacylphosphonates, described ear- 

lier.s The disodium dimethyl bishydroxyiminophosphonates AdBPDOx and 

SuBPDOx were synthesized from the corresponding tetramethyl bisacyl- 

phosphonates by treatment with two equivalents of sodium iodide, which 

gave disodium dimethyl bisacylphosphonates, which were subsequently 

converted to the corresponding oximes by hydroxylamine. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
0
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Inhibition of HAP Formation & Dissolution by Bisacylphosphonates[429]/169 

NaH0,P-C-(CH,),-C-P0,HNa NaMe0,P-C-(CH,),-C-P0,MeNa 
II II II II 
0 0 N N 

OH HO 
\ / 

n = 4,  (AdBP); n = 6 ,  (SuBP) n = 4,  (AdBPDOx); n = 6 ,  (SuBPDOx) 

In vitro and in vivo characterization of bisphosphonates' activity 

To characterize the anticalcification and antiresorptive properties of 

the new compounds, four experimental models were utilized: I) inhibi- 
tion of calcium phosphate (HAP) formation, 2 )  inhibition of HAP dis- 

solution, 3 )  inhibition of the pathological calcification of biopros- 

thetic tissue implanted subdermally in rats, and 4 )  inhibition of the 

release of tetracycline absorbed in bone, as a means to monitor bone 

resorption. The inhibitory effect on the formation and dissolution of 

HAP of the new bisacylphosphonates and the new bishydroxyiminophospho- 

nates was compared to a monoacylphosphonate a monohydroxyiminophospho- 
< .  . - c i' eya:.=L 9-;liczJ:.~-i; <<, &E. dsc* >2g;>,~d- 

phonates (ABP, ClMBP, and HEBP), and to the chelating agent EDTA. 

1. Inhibition of hydroxyapatite (HAP) formation 

The inhibitory effect of the various bisacylphosphonates and bishydro- 

xyiminophosphonates on HAP formation was examined in supersaturated 

calcium phosphate eolution. The results which will be presented show 

that all compounds significantly prevented calcium precipitation. 

2 .  Inhibition of hydroxyapatite dissolution 

The inhibition of HAP dissolution by the various compounds was examin- 

ed by monitoring, over time at pH 5 ,  the calcium and phosphate disso- 

lution from the HAP-adsorbed bisphosphonate. The results from the HAP 

dissolution inhibition by the various bisacylphosphonates and bishyd- 

roxyiminophosphonates show that some of the bisacylphosphonates exam- 

ined significantly inhibited HAP dissolution in vitro. In contrast, 

the bishydroxyiminophosphonates examined were found to be inactive. 

3 .  Inhibition of ectopic calcification 

The anticalcification effect of the novel biephosphonates in vivo, was 

studied by examining the therapy of pathological calcification of bio- 

prosthetic heart valve tissue implanted subdermally in rate, along 

with an ALZET osmotic pump delivering a solution of the drug tested. 

This is a representative model for cardiovascular calcific diseases. 
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The results show that both bisacylphoephonatee and biehydroxyimino- 

phosphonates inhibited the calcification. The anticalcification effect 

of the various compounds was not associated with adverse effects on 

somatic growth, as could be seen from the weight gain obeerved in all 

experimental groups. 

4. Inhibition of tetracycline (TC) releaee from bone 

The influence of adipoylbiephosphonate (AdBP) on bone resorption in 

viva was determined by monitoring the rate of release of tetracycline 

from the bone by measuring the amount of TC in the blood of rats which 
were pretreated by injections of tritiated TC. The reeulte which will 

be presented show that this new bisphosphonate inhibite bone reeorp- 

tion in viva, without having the adverse side effect6 of  the currently 

used bisphosphonate ADP: namely impairment of bone mineralization, 

nephrotoxicity and inhibition on somatic growth. In addition, prelimi- 
nary acute toxicological studies on bisacylphoephonatee also show that 

the tolerated dose found (neither death6 nor weight lose) for AdBP was 
... u:'.t.Jly k.L*L=< + ?.&2 *k.!- ZG? "R.2. T?,e  are^.^ i a . w r v  T ; ~ S L V L L ~ ~  ail; 

the better solubility propertiee of the newly reported biaacylphoepho- 

nates clearly indicate their potential for clinical applications. 
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