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TMEPIAHWH: Ta Sipwoovikd dAata orfjpepa €xouv
kaBiepwOel otn Oepareia kar MEAANYN OKeAETIKWY €TT-
TIAOKWV TToU oxetiCovtal pe aoBéveieg dmou AapPdvel
XWPA OO0TEOKAAOTIKY SpaotnpIdtntd, OTwe TO TTOMa-
TIAG PUEAW A, Kapkivol SIapopwV OpyavwY [E OOTIKEG
petaotdoelg, vooog Paget, evw xpnoiyomolodvial
EUPEWG OTNV QVTUIHETWTION TNG OOTEOTIOPWONG. 2TIG
MEOEG PAG gpeuvATal N XPron ToUG Kal WG EMaywYEWY
TNG OOTEOEVOW UATWONG OSOVTIKWY EUPUTEUPATWY, EVE)
N €QAPHOYT] TOUG OTIG apBPOTAJOTIKES yia TN PeAtin-
on G pakpompdBeoung emtuxiag toug efvar eAmdo-
@opa. Ta dedopéva wOTOOO VI TOUG PNXAVIOHOUG
Spdong toug ouvexiCouv va epmioutiCoval fj kal va
avabewpouval.

KaBe éva amd ta dipwogpovikd dhata Siabéter povadi-
KO TIPOQIA w¢ TPOG TNV Ikavétnta olvdeong pe To
avépyavo PEPOG Tou 0otoU Kal TG evookuttdpleg Plo-
XNHIKEG Tou dpdoeig. Aev éxel emPeBaiwdel akdua n
uriéBeon &t of PapPaKoAoyIKEG SIaPOPESG TOUG OXET-
Covtar pe TG KAVIKEG amoddoeig toug. H kupiapxn dia-
Qopd avdueca ota dipwoPovikd dAata @aivetal Twg
efval ol Bloxnpikoi Toug otdxol.

2KOTIOG NG gpyaciag autrig eivar n BiBNoypagikr ava-
@opd Twv Teleutaiwy eEeAifewv Tou agopolv otn
YVOON TV pnxaviopev Spdong twv SIpuwo@ovIKWy
adtwv.

AEZEIZ KAEIAIA: Aipwogovikd dhata, 0oTeoKAaoTIKA
Spactnpidtnta, ooteoTdpwon

SUMMARY: Bisphosphonates are nowadays the most
common class of drugs used to prevent and treat skele-
tal disorders related to diseases resulting from
increased osteoclastic activity, such as multiple myelo-
ma, metastatic cancer, Paget's disease, as well as for
management of osteoporosis. The use of bisphospho-
nates as promoters of osseointegration for dental
implants is currently being investigated. Their applica-
tion in joint arthroplasty for optimizing long-term suc-
cess has also produced promising results. However, the
knowledge of their mechanisms of action is constantly
being enriched or modified.

Each bisphosphonate has its own unique profile regard-
ing its binding affinity with bone mineral and intracellu-
lar biochemical activities. The supposed relation
between their pharmacological differences and clinical
effectiveness has not yet been confirmed. It appears
that the major difference between bisphosphonates
arises from their biochemical targets (after their cellular
uptake).

The aim of this study is to report new insights into the
mechanisms of action of bisphosphonates.

KEY WORDS: Bisphosphonates, osteoclastic activity,
osteoporosis
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EIZAITQrH

>t Oexaetia tou '60 o Fleisch kar ol ouvepydteg tou
avakdAugav 6t oto MAdopa Kkai Ta olpad TepIEXoVTd
ouotatkd mou epmodiCouv T dnuioupyia 1¢Apatog
pwopopikoly aoPectiou kal Ot pépog TG Spdong
autig ogeiletal oto Tupopwogopikd ofu (PP). To
avépyavo dAag Tou TUPOPWOPOPIKOU OEEOG TIOU
TIapouoIdlel peydAn XnuIKr OPOIOTNTA HE TOUG KEU-
oTdMoug aoPectiou, epmodiCel To oxnuatopd Kai
S1dhuon toug in vitro kar kabwg kal v aoPeotoroin-
on (epaAdtwon) in vivo (Russell kai ouv. 1970). MNap'
Oha autd, to avopyavo dhag amodeixBnke adpaveg,
otav xopnynenke amd to otdua, eEartiag Tou TAx€og
petaoliopol tou oto owpa. To otoixeio autd odryn-
og TNV €peuva oty Tiapaywyr] otabepwv avardywv
tou PPi pe v idia puoikoxnpikr) dpdon, aMd pe v
Ikavétnta avtiotaong oty udpdiuon (Eik. 1).

Ta dipooguvikd e€artiag g peydAng opoIdTTag toug
pe to avopyavo ootd (péow NG Onpioupyiag
oupmAeypdtwy pe Ta 1évta aoPeotiou) xpnolpormolion-
Kav e£apxNG WG TAPAYOVIEG AVIXVEUONG TWV OOTWY, HE
N pEBodo Twv PadioicoTdTwY, TIPOKEINEVOU VA aveu-
piokovtal OOTIKEG HETAOTAOEIG Kal AMEG OKEAETIKEG
PAaBeg (Bisaz kar ouv. 1978). 2t Sexaetia tou 70
dpxioav va xpnolpormolouviadl Bepameutikd otny oyKo-
Aoyia. ZApepa éxouv TAéov kabiepwbel ot Beparmeia
Kal TIOOANYIN OKEAETIKWV EMMAOKWY O AoBEVEIEG OTTIoU
AapBdver xwpa augnpévn ooteokAaotiky dpaotnpidtn-
10, OMwG To TTOMANAS puéAwpa, Kapkivol diapdpwv
OpPYAVWV [E OOTIKEG PETAOTATEIS, vOooG Paget kal otnv
QVTPETWTION TNG OOTEOTIOPWONG. 2TNV EJHNvOTaucia-
Kr) 00TEOTTIOPWON TA dIPWOPOVIKA PEIBVOUV TOUG Ogi-
KteG eAdTwong G ootkAG HAlag kar tov kivbuvo
OTIOVOUAIKWV Kal pn Kataypdtwv kai auédvouv tnv
TIUKVOTNTA TOU avOPyavou ootoU OTO 00@UKS TUAHA
NG OmoVOUAIKAG otiANG Kar To loxio (Watts kai ouv.
1990, Liberman kai ouv. 1995, Reginster kar ouv. 2000).
Ta Sipwogovikd xpnoipomololvial akoun yia ) Bgpa-
TIela NG ooteondpwong amd YAUKOKOPTIKOEISH, oTnv
avopikr] ooteomdpwaon Kal oty ateN] OOTEOYEVEDIa
Tou epaviCetal oty maildikr nAiia.

H eudpovdn, to apxaidtepo péAog G opddag Twv
Sipwoovikav aidtwv, ouvtébnke amd [eppavous
xnuikoug tov 190 aidva kar eykpiBnke amd tov FDA to
1977, evey n ahedpovdtn eykpiBnke amd tov FDA via
Bepameia tng ooteondpwong to 1995, Malf pe v
plogdpovdtn, v umavdpovdin kal TeAeutaia v
Cohebpovdtn eykpiBnkav kal xpnolporololvial og
TTOMEG xwpec. Emiong Sidpopa dMa dipwaopovikd
peEAETWVTal akdua r xpnolgomoloUvidl Ot KATTOIEG
XOPEG. Ta dedopéva wotdoo yId TOUG PNXaviopoug
Spdong toug ouvexiCouv va epmhoutiCoval fj kai va
avabewpouvrar.

Ykomdg NG epyaciag autig eival n mapouciaon twv

Toetoevékou E., KaAuBag A./Tsetsenekou E., Kalyvas D.

INTRODUCTION

In the 1960s, Fleish and his collaborators discovered
that blood plasma and urine contain substances pre-
venting the production of calcium phosphate sediment,
and that this activity is due in part to the presence of
pyrophosphoric acid (PPi). The inorganic salt of
pyrophosphoric acid bears a strong chemical resem-
blance to calcium crystals and inhibits their formation
and dissolution in vitro, as well as the calcification (min-
eralization) in vivo (Russell et al. 1970). However, when
administered orally, this inorganic salt was proved to be
inactive, because of its rapid metabolism in the body.
This gave rise to further research aiming to producing
stable analogues of PPi, displaying the same physico-
chemical action, but a higher resistance in hydrolysis
(Fig. ).

Because of their strong reseblance to bone mineral
(through the formation of compounds with calcium
ions), BPs have been initially used as bone imaging
agents, by means of radioisotopes, in order to detect
bone metastases and other skeletal disorders (Bisaz et
al. 1978). In the 1970s BPs started to be used for ther-
apeutic reasons in oncology. Nowadays, they are used
widely to treat and prevent skeletal disorders related to
diseases resulting from increased osteoclastic activity,
such as multiple myeloma, osseous metastases of vari-
ous cancer types, Paget's disease, as well as to treat
osteoporosis. In postmenopausal osteoporosis, bispho-
sphonates decrease the bone turnover markers,
increase bone mineral density (BMD) in the lumbar
segment of the vertebral column and the ischium, while
decreasing the risk of fractures in vertebrae or else-
where (Watts et al. 1990, Liberman et al. 1995,
Reginster et al. 2000). Bisphosphonates are also used
to treat osteoporosis caused by glucocorticoids, male
osteoporosis and osteogenesis imperfecta in children.
Etidronate, the “oldest member” of bisphosphonates

HO OH HO R; OH
A\ ) \ I /
0=P-0-P=0 o=P-C-P=0

HO:" \OH i/ I \
HO R, OH

pyrophosphate bisphosphonate

Eic. I: Ta dipwopovikd eival otabepd avdhoya tou mupo@wo@opikol o&Eog.
Fig. 1: Bisphosphonates are stable analogues of pyrosphophoric acid
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Teheutainwv eEeNEewy TTOU agopolv Otn ywwon Twv
pNXaviopwy Spdong Twv SIPwoPOVIKWY AAdTwV, OTTWG
avagépovtal otn PiBAioypaepia.

XHMIKA XAPAKTHPIZTIKA
TON AlIPQ>DPONIKQON AAATON

Ta dipwopovikd dhata amoteholvtal and dUo wopo-
VIKEG OAdEG eVWPEVES PE PwOPoaiBepIkoUG SeapoUG
oe kevipikd dvBpaka (P-C-P dopr)) (Eik. I). O1 &do
QWOQOVIKEG OPAdEC eival amapaftnteg t6c0 yid T
oUvdeon pe TO avopyavo PEPOG TOU OaTitn 10Toy, 600
Kal yia TV avuanoppo@ntikr dpdon ye kuttapikn dia-
pecoAdfBnon. Metatpormég oe pia and TG dUo opddeg
propel va peiwoouv Spapatikd v Ikavotnta ovvoe-
ong twv dipwopovikwy aAdtwv (BPs) pe to avopyavo
TpApa tou ootol kai tn Piodiabeoiydntd toug
(Ebetino kar ouv. 1998). O1 dMeg duo BEoeig Tou ato-
pou tou dvBpaka eival duvatd va ouvdebolv opolo-
TIOAIKG pe dMo dropo dvBpaka fj o§uydvou ) ahoyo-
vou 1] Beiou 1} alwtou, odnywvtag oe évav Tepdotio
apiBuod mbavwy evioewv. Autég ol o opddeg (TAd-
yIeG aAuoideq), avapépovtal ouviBwg wg RI kar R2 kai
efvar umeBuveg via 1o peydho @dopa dpdoswv avdye-
oa ota didpopa dipwoPoviKd.

EniSpaon otov udpo&uaratitn kar oto avépyavo
UEPOG TOU ooTOU

Eivar yvwotd éu ta BPs emdpolv moMamnid otov
udpo&uhamnatitn (HAP) pe toug mapakdtw tpdmoug: |)
epmodiCouv v de novo kabitnon ewogopikol aope-
otiou Tou dlaAUpartog, 2) kabuotepolv ToV PETAoXn-
patiopd tou dpoppou HAP oe kpuotaMiko, 3) epro-
SiCouv T ouoowudtwon kai T didAuon Twv KPUOTAA-
Awv (Russell et al. 2008).

H ikavétnta olvdeong omoloudrmote BP pe tov HAP
kaBopiCel og onpavtikd Babud to Mwg Kai To TTou autd
Ba ouvOeBel pe To 0otd kKabuwg Kkar n didpkeia g ouv-
Seorig tou. O1 Nancollas kai ouv. (2006) ta&vépnoav
og Nota v Kavdtnta olvoeons twv SIPOoPWVIKWY
and v drmoyn NG KIvNTUKAG, wg e8AG xAwdpovdtn <
eudpovdin < pioevdpovdtn < ipmavdpovdtn < alev-
Spovdtn < mapidpovdtn < Colevdpovdn. INpokelpé-
VOU Va TIPOOOOIACTEl N oupmepipopd twv BPs emdvw
OTG OOTIKEG EMQAVEIEG, XPnalyoToionke emong Wia
mpwtdtunn pébodog xpwpatoypapiag tou HAP
(Lawson kar ouv. 2005), ou €deiEe du ta dipwogovi-
kd SiaxwpiCovtal ye Mapdpolo, aMd oxi G0 Tpdro
ouvdeong, pe autdv Tou Seixvel n oelpd twv Nancollas
kai ouv. (2006). levikd pePIKEG amd TIG TTO ONPAVIIKEG
ox€oelg dopng-Spdong Tmou oxetiCovtal e TNV aMnAe-
midpaon Sipwopovikwy Kal udpoguAamatitn kai €éxouv
edpaiwBei emotnuovikd (Russell et al. 2007) eivar ol
mapakdtw:
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(BPs), was composed by German chemists in the |9th
century and was approved by the FDA in 1977
Aledronate was approved by the FDA for the treat-
ment of osteoporosis in 1995. Together with rise-
dronate, ibandronate and, finaly, zoledronate they were
approved and are now used in several countries.
However, our knowledge of their mechanisms of
action is constantly being enriched or modified.

The aim of this paper is to provide the latest insights
into the mechanisms of action of bisphosphonates, as
reported in the relevant literature.

CHEMICAL PROPERTIES
OF BISPHOSPHONATES

Bisphosphonates consist of two phosphonate groups
linked to a central carbon atom by phosphodiesteric
bonds (P-C-P stucture) (Fig. |). The two phosphonate
groups are essential both for binding to the inorganic
part of the osseous tissue and for cell-mediated antire-
sorptive activity. Modifications to one or both groups
can dramatically reduce the affinity of BPs to the inor-
ganic part of the bone and their bioavailability (Ebetino
et al. 1998). The other two positions of the carbon
atom can be covalently bound to another carbon atom
or to oxygen, halogen, sulphur or nitrogen atoms, lead-
ing to a vast number of possible compounds. These
two groups (side chains) are usually referred to as Rl
and R2, and account for a wide range of possible
actions among various bisphosphonates.

Actions in hydroxylapatite (HAP) and bone mineral
It is known that BPs have multiple effects on hydroxya-
patite (HAP): 1) they inhibit the de novo precipitation
of the diluted calcium phosphate, 2) retard the trans-
formation of amorphous HAP to crystalline, 3) inhibit
the aggregation and the dissolution of crystals (Russell
et al. 2008).

The binding affinity of any BP to HAP determines, to a
large extent, how and where the BP will bind to the
bone, as well as how long this bond will last. Nancollas
et al. (2006) established a rank order of binding affinity
in terms of kinetics as follows: clodronate < etidronate
< risedronate < ibandronate < alendronate <
pamidronate < zoledronate. In order to simulate the
behaviour of BPs on bone surfaces, a novel method of
HAP chromatography was used (Lawson et al. 2005),
which showed that bisphosphonates separate in a sim-
ilar but not identical order to the one indicated by
Nancollas et al. (2006). In general, the scientifically
proved relation between structure—action association
and the interaction amongst bisphosphonates and
hydroxyapatite is valid for the following (Russell et al.
2007):
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I. H dopr) O-P-C-P-O eivar onpavtikr

2. H Unap&n udpouropddag avtl udpoyovouddag
otn Béon tng MAdyiag opddag RI evioxiel ) olvoe-
on tou BP pe tov HAP

3. Eva dropo alwtou kai n tomobetnor| Tou o€ aAku-
Aopdda 1) oe etepokukAKSO daktiNo otnv TAdyia
opdda R2 pmopel va odnynoel og onpavtikr avgnon
NG ouvdeong tou BP pe tov HAP

4. Tn oUvdeon evioxUel kal n apivopdda avdyeoa otn
Sopry P-C-P kai v undhoirm mAdyia opdda R2

5. O1 pikpég aMayég otn xnpikr Sopr] Twv dipwopovi-
KoV 0dnyoUlv OTIwG PaiveTal oe onPavikEG aMayeg
NG TPIodIAoTaTNG HOP®NG KAl TOU QTOMIKOU TTPO0A-
vatoAiopou. [M'autd Bewpribnke éu n tpiodidotarn
popen twv apivodipwogovikwv (N-BPs) kar o mpo-
0avatoNoPos twv atdpwy alwtou (twv TAayiwy
opddwv R2), ta omofa kabiotolv duvatd to oxnua-
oo Twv N-H-O deopwv otig emedveieg Twv Kpu-
OoTtaMwY, emnpedlouv onpavtikd tn olvdeon We To
avépyavo ootd. Or diapopés unootnpiCovtal kai
amnd PeAETeg dlgpetvnong TwV YwVIKV Kal armootdoe-
wv avdpeoa otoug N-H-O deopoig (Deutsch kai
ouv. 1980, Ebetino kai ouv. 2005, Lawson kai ouv.
2005). Ta v kar olvdeon pe v emedveia Tou
HAP 6a mpémel n ywvia N-H-O va eivar peyahitepn
fj fon twv 125° kar n anéotaon N-O mepimou 3A.

6. AuEdvovtag v moodtnta Twv BPs og éva didhupa
KouotdMwv HAP, n moodtnta exeivn mou ouvdéetal
HE TOUG KpuoTAMoug e&aptdtal amd tn xnuikr Toug
ouyyéveia (Tou €xel kdBe dipwapovikd pe Tov udpo-
Euhamatftn). Ymdpxouv Siagpopéq petall twv BPs
WG TIPOG Ta TMood Tou propolv va ouvdeboly oto
onueio kopeopoU, wotdoo, aveEapTtwg TG Xnpi-
KG Ouyyevelag, OAo Kal PEYAAUTEPO HEPOG TWV
Sipwopovik)v Tou SIaAUPatog ouvdEetal pe Tov
udpoluAamatiin éwg éva onpeio Kopeopouy, Tou
avtavarkAd tnv IKavotnta twv KPUotdAwy va mpoo-
po@oUv 1o 6edopévo dlpwaPoviKd OtnV em@dveld
TOUG. 2UHPWVa HE PENETEC 100BEPUIKAOV KAUTTUADY
mpoopdenong (Ebrahimpour kai ouv. 1995) n ika-
vétnta ouvdeong oe pH 7.4 akohoubBel v mapaxd-
w oelpd: ploedpovdin< Coledpovdn< Iumavopo-
vatn< eudpovdin< aledpovdrn.

7. Ta dipwopovikd Tapoucidlouv SIaQopES ata nAe-
Ktpikd @optia oto dropo tou alwtou TG R2 mAd-
yiag opddag o pH 7.4, mou odnyel og diapopEg Tou
popiakoU qoptiou (zeta potential) dtav ouvdéovral
e Tov udpo&uAamatitn. Autd Propel va emnpedoel
TTOMamAEG Siepyaoieg, OMWG: TV EMMAEOV OUVOEDN
(POPTIOPEVWY HOPIwY, TO GUVONKS TTood Twv dipuw-
OPOVIKWV TToU dmopoulv va ouvdeBolv otnv emqd-
veld tou ootftn 1otou (loading capacity), v kuttapl-
Kr Kal OKeEAETIKA Siavopr| Toug, KaBwe Kal TG aMn-
Aemdpdoeig Pe QopTiopéva 16vIa Kal oUoTatika TG
BepéNag ouoiag, OTwG N OOTEOKAATIVI, OOTEOVEKTI-

Toetoevékou E., KaAuBag A./Tsetsenekou E., Kalyvas D.

I. The O-P-C-P-O structure is important

2. A hydroxyl group instead of a hydrogen group at the
RI site enhances BP binding to HAP

3. A nitrogen atom and its position in the alkyl group or
heterocyclic ring in the R2 side chain can lead to sig-
nificant increases in BP binding to HAP

4. An amine group between the P-C-P structure and
the rest of the R2 side group can also enhance bind-
ing

5. Slight changes in the chemical structure of BPs
appear to lead to significant changes in the 3D con-
figuration and atom orientation. Therefore, it was
concluded that the 3D configuration of aminobis-
phosphonates (N-BPs) and the orientation of their
R2 nitrogen atoms that enable N-H-O bonds to
form on the crystal surfaces, have a significant effect
on binging affinity to bone mineral. These differences
are also confirmed by studies based on N-H-O bond
angles and distances (Deutsch et al. 1980, Ebetino et
al. 2005, Lawson et al. 2005). To obtain optimal
binding to the HAP surface, the N-H-O angle should
be =125° and the N-O distance approximately 3A.

6. By increasing the amount of BPs in a solution of HAP
crystals, the amount bound to the crystals will
depend on their chemical affinity (of each bisphos-
phonate to hydroxyapatite). There are differences
among the various BPs regarding the amounts that
can be bound at saturation point. However, regard-
less of their chemical affinity, a growing amount of
the solution’s BPs will be bound to hydroxyapatite
reaching up to a saturation level that reflects the
capacity of crystals to adsorb a given number/ por-
tion of BPs onto their surface. Based on facts
obtained from absorption isotherms (Ebrahimpour
et al. 1988), the binding capacity appears to lie in the
following order at pH 7.4: risedronate < zoledronate
< ibandronate < etidronate < alendronate.

7. BPs exhibit different electrical charges on their nitro-
gen atom in the R2 side group at pH 7.4, which leads
to differences in zeta potential when they bind to
HAP surfaces. This might have multiple conse-
quences, for instance, on the further binding of
charged molecules, the total amount of BPs that can
bind onto the bone surface (loading capacity), their
cellular and skeletal distribution, as well as their inter-
actions with charged ions and matrix constituents
such as osteocalcin, osteonectin, bone sialoproteins
and proteoglycans. Zeta potential might influence
the amount of bisphosphonates bound on HAP, as
revealed by absorption isotherms. One explanation
for these findings is that more positively charged BPs
(alendronate, ibandronate, and zoledronate) create a
more positively charged bone surface, which can
attract additional BPs through their negatively
charged phosphonate groups. This may further
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VI, OlEAOTIPWTEIVEG TOU 0O0TOU Kal TPWTEOYAUKAVEG.
To popiakd goptio evdexopévwg va ermpedlel v
moodtnTa Tou dIPwopoVIkoU TIou OUVOEETal otov
HAP, énwg amokaAdrtetar amd ) PeAéTn Twv 100-
Beppikwv kapmuAwv. Mia e€rynon eivar ét ta mepio-
odtepo Betikd goptiopéva BPs (ahevdpovdrn,
Iumavopovdtn, Cohevopovdtn) dnuioupyolv  pia
Betikdtepa QopTiopévn OOTIKA €M@AVEIT TTOU JITO-
pel va éhkel emmAgoV SIpwoPOVIKA PEoW TwV Apvn-
TIKA QOPTIOUEVWY PWOPOVIKOV OPAdwv Toug. Autd
au€dvel kai T CUCOWPEUOH TWV SIPWOPOVIKOV Kal
PeAuwvel TV IKavATNTa peyIoTnG oUvOEONG OTOUG
kpuotdMoug HAP. Ta Sipwogovikd mou eivar Aiyo-
PO poptiopéva Betikd (mx. pioevdpovdtn) odn-
yoUv ota akpiBws avtiBeta amoteAéopata. To
HOpPIaKS @opTio eMopEVWG amoTeAel OTwG aivetal
pia avedptnn 1816tta Tou Sev ouvdéetal dueoa
HE TN XNMIKK) OUYYEVeld, aMd emnpedlel TV IKavatn-
Ta oUVOEDONG TWV OIPWOPOVIKWY.

KYTTAPIKEZ KAl MOPIAKEX APAXEIX

|. H otéxevon twv Sipwopovikwv ota ootd

Kkar 1) evéokuttdpwor

E€artiag tng peydAng tdong ouvdeong twv dipwogovi-
KOV PE TO avdpyavo TUAPA Tou ootoU, To QApuako
aroPaKPUVETal TAXEwE amod TNV KUKAo@opia kal ouo-
OWPEVETAl OTG OOTKEG EMQPAVEIEG. 2€ HENETEG e
padioonuacpéva edppaka gaiveral ot ta dipwopovi-
K4 amopEOPWVTAl OE TIEPIOXEG OOTIKOU OXNUATIOHOU,
WOTO0O TPOTIHOUV TIG TIEPIOXEG OOTIKAG amopPOPn-
ong (Masarachia kai ouv. 1996). oA Aiyeg mAnpogo-
plec umdpxouv oxetkd e TNV in vivo diavopr Twv
SIPWOPOVIKOV OF PIKPOAVATOMIKS eMMedo kal yia TV
moootkr) diagoporoinon Twv dIPwWoPOVIKWY PETAEy
Twv dlapdpwy TINwv ootitn 1otoy, Tx. dokidwdes /
OUTIAYEG.

> SidpKela TG 00TIKAG AMoPEOPNONG O UTTOKUTTAPI-
KOG XWPOG TWV OOTEOKAQOTWV o&Uvetal Kai o autd To
mepIBaMov ta dipwopovikd ameheubepwvovtar and TG
00TIKEG emTipAveleg, auEAvoVTag TOTTIKG T OUYKEVTOW-
on TouG, WG €xouv 1 w¢ dAata aoBeotiou (Suda kai
ouv. 1997). Me pia diadikaoia, mapdpoia g evookyT-
TWoNG, Ta dIPWOPOVIKA EI0EPXOVTIAl OTOUG OOTEOKAG-
OTEG,

YrootnpiCetar and Sidpopoug PEAETNTES ATl N ameAeu-
B¢pwon twv BPs and 1o ootd, Adyw tng ootikig anop-
POPNONG Amd TOUG OOTEOKAAOTEG, amotehel TPoUMo-
Beon yia v evookuTIdpwor ToUG, EMAEKTIKA armd Toug
OOTEOKAAOTEG KAl TNV AvaoTOAr TG OOTEOKAQOTIKAG
Spaotnpidtntag (Selander kar ouv. 1994, Murakami kai
ouv. 1995). Ztnv mepimwon &¢ mou avaotalel n oote-
OKAQOTIKH] armopEOoPnon He TN XPron KaAaitovivng, ol
0O0TEOKAAOTEG TTpootatelovtal anod tn dpdon twv mayi-
Seupévav dipwopovikav oto ootd (Marshall kar ouv.
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increase the accumulation of bisphosphonates and
improve the maximum binding capacity on HAP
crystals. Less positively charged bisphosphonates
(e.g. risedronate) produce exactly the opposite
effects. Therefore, zeta potential appears to be an
independent property that is not directly related to
chemical affinity, but affects the binding capacity of
BPs.

CELLULAR AND MOLECULAR
ACTIONS

|. Targeting of bisphosphonates in bones

and endocytosis

Because of the high affinity of BPs to bone mineral, the
drug is rapidly cleared from circulation and accumulates
on bone surfaces. Studies involving radiolabeled drugs
revealed that bisphosphonates are absorbed at sites of
active formation, however they show a preference for
sites of bone resorption (Masarachia et al. 1996). Only
limited information is available on the proliferation of
bisphosphonates in vivo at the microanatomical level
and the quantitative differentiation of bisphosphonates
among the different types of bone tissue, eg. trabecular
/ compact.

During bone resorption, the subcellular space of osteo-
clasts becomes acidic and, in such an environment, BPs
are released from bone surfaces, thereby increasing
their local concentration, either as they are or in the
form of calcium salts (Suda et al. 1997). Through a
process similar to endocytosis, BPs are taken up in
osteoclasts. Many authors believe that the release of
BPs from bone, due to bone resorption by osteoclasts,
is a prerequisite for the selective internalize of BPs by
osteoclasts and the suspension of osteoclastic activity
(Selander et al. 1994, Murakami et al. 1995). In case
osteoclastic resorption is inhibited with the use of cal-
citonin, osteoclasts are protected from the action of
bisphosphonates that are deposited in the bone
(Marshall et al. 1990). However Owens et al. (1997)
noticed that BPs influenced osteoclasts, after the induc-
tion of a local decrease in pH, altthough the cells were
not activated for resorption.
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1990). Qotéoo or Owens kai owv. (1997) mapatipn-
oav éu ta dipwogovikd Suvavial va emdpdoouv
OTOUG OOTEOKAJOTEG OE amoucia NG amopPOPNTIKAG
SpaotnEISTNTAdG TOUG, PETd TNV TEXVNT TOTTIKA Heiwon
Tou pH mou 0drynoe otnv aneAeubépwor] Toug amd to
elojie}

2. Evéokuttdpior pnxaviopoi Spdong

a) Enfdpaon otoug ooteokAdotes: O kupiapxog Adyog
Twv diapopwy avdueoa ota BPs gaivetal mwg eival o
Proxnuikol Toug otdxol, PETA TV evOOKUTIWON TOUG
and Toug ooteokAdoTeG. YmootnpiCetar ot ta BPs
propel va emmpedoouy tn diadikacia ootikrG armoppo-
PNONG HEOW TWV OCTEOKAAOTWY TIOIKINOTPOTIWG €TTI-
Spwvtag T6oo ot 0TPAToAdynon, TV diagoporoinon
Kal TV anoppo@nuKky IKavdTIa TwV O0TEOKAACTWY
400 KAl 0N HOPPOAOYIa TOUG, TIPOKAAWVTAG TNV amod-
TIwor| Toug in vitro (Sato kai ouv. 1990).

> Sexaetia tou 1990 ta Sipoopwvikd Ta&ivoprnBnkav
adpd og dUo opddec:

[) Ta amAd Sipwogovikd dmwg n xAwdpovdtn kai n eu-
Spovdtn, Tou poidlouv TIEPICOBTEPO HE TO TIUPOPW-
opopikd o&U. Autd petaPBoAiCovtal evdokuttdpia oe
By HEBUAevIKA avdloya NG TPIPWOPOPIKNG adevoaoi-
vnG (AppCp petaPoAiteg), pe T PECOAGPnon g
apivo-akuho tRNA ouvBetdong (avtiotpopn Spdon
Tou ev{UHOU, TO OTIOIO OE PUOIOAQYIKEG OUVEIKEG OUp-
HETEXEI OTNV evepyoToinon apivo&éwy katd Tty Tpw-
teivoouvBeon) (Frith kai ouv. 2001). Me autév tov
Tpdmo N opdda P-C-P twv dipwopovikov avtikabiotd
v opdda P-O-P omv tpipwogopikr adevooivn
(ATP). Or pn udpoAudpevol PeTaBoAiTeG ouoowPEY-
OVIdl OTO KUTTAPOTIAQONA TWV OOTEOKAQOTWY Kal €Md-
youv Tov kuttapiké Bdvato, mbavwg epmodioviag
Spdon evlUpwv Tou xpnolporololyv v ATP.

Il) Ta Spaotkdtepa apivodipwopovikd (NBPs) mou
xapaktnpiovtar and to dropo alwrou, efte og Hia
alkuhopdda efte péoa oe etepokukhikr Sopr. MEAn
autrig TG opddag epmiékovtal otnv 066 PioolivBeong
¢ peBarovamng (Luckman kar ouv. 1998), n omoia
eival yvwoty yia to poho g ot PioouvBeon tng
XOANOTEPOANG Kal AMwv oteporwv. Aidpopa éviupa
autrig ™G odou xpnolyoTololy I00TTIPEVOEISH dlpw-
opovikd w¢ umootpwpata (IPP icopepdon, FPPS,
GGPP ouvBetdon), emopévwg ta dipwopovikd Ba pro-
pouoav va 6pdoouv WG UMooTPWHATIKE avdhoya.
2ruepa eivar méov ywwotd 6T kiplio otdxo Twv NBPs
anotehel n FPPS (famesyl pyrophosphate synthase), n
omoia avactéMetal amd 1o oUvoAd Toug oxeddv
(Fisher kar ouv. 1999). To évCupo autd avixveletal
1600 0t1a UMePo&eIdoonpata 00 Kal oTa PItoxovopIa
Kal To KuTtapomAaopa, eve n Béon Spdong twv dipw-
opovikwv dev eival akopa yvwot. H avaotohr] tou
evCUpou eumodiCel ) olvbeon tng FPP (farnesyl
pyrophosphate), Tou amoteAel umdotpwpa Kai yia

Toetoevékou E., KaAuBag A./Tsetsenekou E., Kalyvas D.

2. Intracellular mechanisms of action

a) Effect on osteoclasts: It appears that the main reason
for the differences among BPs is their biochemical tar-
gets, after their endocytosis by osteoclasts. It is claimed
that BPs can influence via osteoclasts the process of
bone resorption in different ways, thereby affecting the
recruitment, differentiation and resorptive capacity of
osteoclasts, as well as their morphology, resulting in
their in vitro apoptosis (Sato et al. 1990).

In the 1990s, BPs were roughly classified into two
groups:

[) Simple bisphosphonates such as clodronate and
etidronate, which closely resemble to pyrophosphoric
acid. They can be intracellularly metabolised into meth-
ylene-containing analogues of adenosine triphosphate
(AppCp-type metabolites), by the mediation of
aminoacyl tRNA synthetase (reverse reaction of the
enzyme, which is normally involved in the activation of
amino acids during protein synthesis (Frith et al. 2001).
Thus, the P-C-P group of BPs replaces the P-O-P group
in adenosine triphosphate (ATP). Non-hydrolysed
metabolites are accumulated in the cytoplasm of osteo-
clasts and induce cellular death, probably by inhibiting
the activity of enzymes using ATP.

II) More potent bisphosphonates, which contain a
nitrogen atom either in an alkyl group or in an hetero-
cyclic structure (NBPs). Members of this group are
involved in the mevalonate biosynthetic pathway
(Luckman et al. 1998), which is best known for its role
in the biosynthesis of cholesterol and other sterols.
Various enzymes of this pathway use isoprenoid bis-
phosphonates as a substrate (IPP isomerase, FPPS,
GGPP synthase). Thus, bisphosphonates could act as
substrate analogues.

It is now clear that FPPS (Famesyl Pyrophosphate
Synthase) is a major target for NBPs, and that it is inhib-
ited by almost all of them (Fisher et al. 1999). This
enzyme is identified both in peroxisomes and in mito-
chondria and cytoplasm, while the site of action of bis-
phosphonates is not yet known. Inhibition of this
enzyme prevents the biosynthesis of FPP (Farnesyl
Pyrophosphate), which is also the substrate for GGPP
synthase (Geranyl-Geranyl Pyrophosphate synthase) to
produce GGPP. Finally, cells are deprived of FPP and
GGPP, which are necessary for the post-translational
lipid modification of small GTPases, such as Ras, Rho
and Rab (Dunford et al. 2006). These GTPases form a
large group of signalling proteins that are essential for
the survival and function of osteoclasts.

Inhibition of FPP synthase by NBPs also leads to the
accumulation of IPP direct metabolite (Isopentenyl
Diphosphate) in the biochemical pathway of meval-
onate (for the biosynthesis of sterols). It appears that
this accumulation of IPP causes the acute phase
response, a well-recognized side effect of intravenous
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ouvBetdon g GGPP (geranyl-geranyl pyrophosphate
synthase), Tmookeipgévou va mapaxBel n GGPP. Tehikd
1a kUttapa otepouvtal twv FPP kar GGPP mou eiva
petaPoliteq amapafintol yia TtV PETA-PETayPapIk
Amdikr) petatpori twv pikpwv GTPaocwy, omwg ol Ras,
Rho kar Rab (Dunford kai ouv. 2006). Or GTP-doeg
QUTEG amotelolv Jid peydAn opdda TpwIeivwv-oivid-
Awv onpavtkay yia v empiwon kal Aeroupyia twv
OOTEOKAQCTWV.

H avaotol] tng FPP ouvBetdong amd ta NBPs odnyel
emiong otn ocucowpeuon Tou duecou petaBoAitn PP
(isopenteny! diphosphate) oto Bioxnpikd povondu tng
peBarovdng (yia tn BloolvBeon otepolwv). Auth n
ouoowpeuon tou IPP arotehel and éu gaivetar kar v
artia yia v avtidpaon ofeiag @dong, pia yvwotn
TIAPEVEPYEID TV SIPWOPOVIKWY TIOU  Xopnyouvtal
Kupiwg evOo@AEPIa, kal xapakinpiCetar amd Tnv
Tiapouaoia TupeTol kai oupmmpdta ypfmge. EEGMou
mpdopata avakaAigbnke étu n cuocowpeuon tou PP
odnvel emong otnv mapaywyr evog VEou PETABOATN,
Tou Apppl, amd v évwon TG HoVOPWopopIKrG ade-
vooivng (AMP) pe to IPP. ‘Onwg akpifwg o petaPoli-
G tinmou AppCp (pebulevikd avdhoya tou ATP) twv
an\wv dipwoPovIKwy, €10l kal o Apppl, avactéMer to
évlupo ANT twv prtoxovdpiwy kai umopel va mpoka-
Aéoel v andmwon twv ooteokhaotwv (Monkkonen
kai ouv. 2006).

"Evag axdpa €upecog tpdmog Spdong Twv dipwogovi-
KoV eival n avactohr TG petaBoAikrg Spaotnpidtntag
TWV OOTEOKAAOTWY, MEOW TNG AVAOTOAAG TNG aviAiag
mpwtoviwv-ATP. Me tov Tpdmo autd agevog avaotél-
Aetal n ouvBeon kai n aneheubépwon Twv USPOAUTIKWY
ev{UPWV Kal aeTEPOU emmpEedletal N ikavotnta avén-
ong g o&utntag otnv eEwkuttdpia TepIoxr} dpdong
Twv kuttdpwv (David kar ouv. 1995).

B) Enidpaon ota ooteokittapa: Ta BPs, oe avtiBeon
pe &,u oupPaivel e TOUG OOTEOKAAOTEG, AvaoTEMOUY
v andmwon twv ooteokuttdpwy. H Spdon auth
kaBiotatal duvaty e tn didvoign twv dialAwv Kovegi-
vnG 43 kai v akdhoubn evepyoroinon kdmoiwv evoo-
KUTtdplwy Kivaowv mou dieyefpovtal and eEwkuttdpia
epebiopata (Plotkin kar ouv. 2006). H undBeon ot o
pnxaviopdg dpdong twv BPs ota ooteokittapa eivai
Siapopetikdg amd 1o Pnxaviopd Spdong oToug OOTe-
OKAAOTEG, emainBevetal amd To yeyovog Ot akdpa kal
Sipwopovikd pe aoBevéotepn avUAMOPPOPNTIKA
Spdon au€dvouv tnv Ikavatnta empiwong Twv ooTeo-
kuttdpwv (Kogianni kar ouv. 2004, Plotkin kar ouv.
2007).

Teheutaia, n undéBeon 6t ta BPs amoktoldv mpdoPaon
0ta ooteokUTIapa avdhoya pe v IKavotntd Toug va
ouvdéovtal pe TO aAvoPyavo HEPOG TOU OOToU KAl
KATToleG eyyevelg Sopikég 1010TNTEG Toug KepdiCel dAo
Kal TepIcodtepo €0agog. H undbeon autr BaoiCetal
Kal OTo yeyovog 0T Ta ooteokUttapa diab€touv éva
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BPs, involving fever and flu-like symptoms. Moreover, it
has recently been discovered that the accumulation of
IPP also leads to the production of a new metabolite
called “Apppl”, composed of adenosine monophos-
phate (AMP) and IPP. Just as the AppCp-type metabo-
lite (methylene analogues of ATP) of simple bisphos-
phonates, Apppl inhibits the ANT enzyme of mito-
chondria and can induce the apoptosis of osteoclasts
(Monkkonen et al. 2006).

Another indirect way in which BPs act, is the inhibition
of the metabolic activity of osteoclasts, which is
achieved by suspending the APT-proton pump, and
inhibiting the synthesis and release of hydrolytic
enzymes. Additionally the ability to increase extracellu-
lar acidity is affected (David et al. 1995).

b) Effect on osteocytes: In contrast to osteoclasts, BPs
inhibit osteocyte apoptosis. This becomes possible by
the opening of connexin 43 gap junction channels and
the activation of certain intracellular kinases that are
stimulated by extracellular factors (Plotkin et al. 2006).
The hypothesis that the mechanism of action of BPs in
osteocytes differs from the mechanism of action in
osteoclasts is confirmed by the fact that even BPs with
a lower antiresorptive activity can increase the survival
of osteocytes (Kogianni et al. 2004, Plotkin et al. 2007).
Lately, the hypothesis that BPs gain access to osteo-
cytes according to their ability to bind to bone mineral,
as well as to cetrain inherent structural properties that
they have, has been contantly gaining ground. This
hypothesis is also based on the fact that osteocytes
have an extensive network of canaliculi, i.e. inorganic
surfaces where bisphosphonates can be resorbed, with
a total extent of about 1000-5000m? (Parfitt, 1976).
Moreover, it is very likely that nutritional elements (and
drugs) are transferred from the extracellular fluid to the
inside of osteocytes through this vast superficial net-
work of canaliculi.

Low concentrations of different BPs protect osteocytes
and osteoblasts, in vitro and in animals, from apoptosis
induced by glucocorticoids and mechanical strain
(Plotkin et al. 1999, Follet et al. 2007).

c) Effect on osteoblasts: Most of the clinical effects on
osteoblast function are attributed to indirect effects on
the bone remodeling cycle through the reduction of
bone resorption. Many years ago, a group of
researchers reported that BPs inhibit osteoclast action
indirectly by promoting the synthesis and release by
osteoblasts of a low-molecular-weight factor (<10
kDa), which acts on progenitor cells, preventing them
from generating mature osteoclasts (Vitte et al. 1996).
d) Effect on angiogenesis: The release of BPs from bone
causes the concentration of the vascular endothelial
growth factor (VEGF) circulating in the blood to drop
(Ruggiero et al. 2004, Ferreti et al. 2005). VEGF does
not only promote the development of endothelial cells,
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peydho Siktuo owAnviokwy, avopyaveg dnAadn emed-
VEIEG OTTOU Ta SIpwoPoVIKd propel va mpoopo@nBouy,
e OUVONKKA em@dveia Tou umoAoyiletal yipw |000-
5000m? (Parfitt, 1976). Eival & moAd mBavi n peta-
@OPA TPOPIKWV atoIxelwv (kal pappdkwy) and to egw-
KUTIdpIo UypO OTO ECWTEPIKO TOUG PEOW autoU Tou
TEPAOTIOU €MPAVEIAKOU SIKTUOU OWANVIOKWY.

O1 xapnAég ouykevtpwoelg diapdpwy BPs mpootated-
OUV OOTEOKUTIAPAd KAl OOTEOPAAOTES in Vvitro Kkal og
meipapatdlwa and v anormwaon TToU OPENeTal Oe
yAUKOKOPTIKOEION Kal pnxavikd goptio (Plotkin kar ouv.
1999, Follet kai ouv. 2007).

y) Enidpaon otoug ooteofAdoteg: O1 mepioodtepeg
and g kKAVIKEG dpdoeig otnv ooteoBAaaTiki Asrtoup-
yia armodidovtar oe €upeoeg Spdoeig otov kUkho ooti-
KoU petaPoliopoy, péow NG MEIWONG TG OOTIKAG
anopEdEnonG. ApPKeTd xpdvia Tiplv avagépdnke amd
gpeuvntég Ot ta BPs avaotéMouv €upeoa Ty ooteo-
Khaotikry Spactikdtnta, mpodyovtag T oUvBeon Kai
€KKPION €vOG Tapdyovta WikpoU popiakoU Pdpoug
(<10 kDa) amé toug ooteofAdateg, o omoiog Spa ota
mpoyovikd kUttapd, epmodiCovids Ta va oxnuatioouv
wpIpoug ooteokhdoteg (Vitte kai ouv. 1996).

) Emidpaon otnv ayyeioyéveon: H ameAeuBepwon twv
SIPWOQOVIKWY amd To 00Td TIPOKAAEl T peiwon g
OUYKEVIPWONG TOU KUKAOQOPOUVTIOG OTO aija ayyeia-
koU au€nukol mapdyovta tou evdobnAiou (Ruggiero
kar ouv. 2004, Ferreti kai ouv. 2005). O mapdyovtag
VEGF (vascular endothelial growth factor) dev mpodyel
povo v avdmugn twv Kuttdpwy Tou evdobnhioy,
aMd kar v avgnon g diamepatdtnTag twv ayyeiwv
KAl OUVETIWG T HETAQOPd TPWIEVWY KAl KUTTdpWV
and Vv aipauky KuKAogopia TPoG Toug 10ToUG
(Ferrara kar ouv. 1992). MeAéteg éxouv Seiel Ot uépog
NG avuveorAdopatikig ikavdtntag twv BPs ogeietal
oTtnV avaotoAr g ayyeloyéveong. O1 Wood kai ouv.
(2002) ritav o1 mpwtol Tou €deiEav TwG Ta SIPpwoPovI-
K4 HE aPIVO-TENKO dKkpo, OMwG To (ohedpovikd oy,
avaoctéMouv v avdmuén twv evoobnNiakwv Kuttd-
pwv ev ol Santini kai ouv. (2002) £dei€av wg to Tapi-
Spovikd o0&l umopel va avaoteilel T olvBeon tou
VEGF o¢ kapkivikoug 10toug,.

2YMIMEPAXMATA

Metd v peETapopd TOUG OTIG AVTIOTOIXEG OKEAETIKEG
Toug B€oeic OAa ta BPs epmoditouv v ootk armop-
pdpnon Pe evOOKUTIAPIKEG SPATEIG OTOUG OOTEOKAG-
otec. H 1otk kar kuttapikr] otoxoroinon odnyel oto
ouprépaopa Ot ooTKr amopPEOPNon AVAoTEMETA
pe dueon emidpaon twv SIPWOPOVIKOY OTOUG OOTEO-
KAdoteg 1] o GMa ooTikd KUTtapa tou dPECOU HIKPO-
TiepIBaMovtog Twv ooteokhaotwy. A&fCer edw va ava-
@epBel 6T Ta dipwopovikd, avdhoya pe T Sopr Kai
OUYKEVIPWOT] TOUG OTO HIKPOTIEPIBAMOV Tou 00ToU
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but also increases blood vessel permeability and thus
the transfer of proteins and cells from blood circulation
to tissues (Ferrara et al. 1992). According to studies,
part of the antineoplastic effect of BPs is attributed to
the inhibition of angiogenesis. Wood et al. (2002) were
the first to show that bisphosphonates with an amino-
terminal end, such as zoledronic acid, inhibit the devel-
opment of endothelial cells, while Santini et al. (2002)
proved that pamidronic acid can prevent the synthesis
of VEGF in cancer tissues.

CONCLUSIONS

After their delivery to the relevant skeletal sites, all BPs
inhibit bone resorption through intracellular effects on
osteoclasts. Tissue and cellular targeting leads to the
conclusion that bone resorption is prevented through
direct effects of bisphosphonates on osteoclasts or
other bone cells in the immediate microenvironment of
osteoclasts. It is worth mentioning here that BPs affect
different types of bone depending on their structure
and concentration in the bone microenvironment. For
example low doses (<10-6) of pamidronate
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€TMnPedlouv SIa@oPETIKOUG KUTTApPIKOUG TUTTOUG 0oTitn
iotou. Na mapddeiypa n mapidpovdtn (C3HIINO7P2 —
B vevid) og xaunhég ddoeic (<10°) avaotéMer v
evepyoroinon, T diagoporioinon Kai T oUVEVWON Twv
TIPOYOVIKWY KUTIAPWV TWV OOTEOKAAOTWY, eve) dAAG
Sipwopovikg, dTwg T.x. N gudpovdrn, dev mpokaholv
T€tolou €idoug avaotohry (Boonekamp kai ouv. 1986).
2apws Spwg dtav ta dipwoPovikd  oTToIaodATIOTE
dopng xopnyouvtal oe peyalitepeg ddoeig (>10°),
avaotéMouv TNV 0oTeoKAaoTikr SpaotnEIdtntd twv
OPIHWV ooteokhaotwy. levikd ta dipwopovikd gaive-
Tal Mwg diapoporololvial KUPIwG wg TPog toug Pio-
XMNUIKOUG TOUG OTOXOUG, HETA TNV evOOKUTIWOT TOUG
and Toug 0oTEOKAIOTEC.

Mpdopateg peléteg odnyolv OTO OUPTEPACHA O
TIapOAO TToU Ta SIPWOoPOVIKA Holpdlovtal TTOMEG @ap-
pakohoyIkeg 1610tnTeg, KdBe éva €€ autwv diabetel
povadikd TMPOoPIA WG TPOG TNV IKAVATNTA OUVOEDNG He
TO aQvOPYavo PEPOG TOU 00ToU Kal TG eVOOKUTIAPIES
Broxnpikég tou Spdoelg. ‘Exouv autég o papuakoloyi-
KEC OIAPOPES KAl TIPAKTIKY onpaoia; Ymdpxouv TToMd
mpoPApata otnv mpooTddeia aUyKPIoNG TWV KAIVIKWY
anoteAeopdTwy Twv dlIapdpwv diIpwopovikwy, artiag
™G EMePNG KAVIKWV epeuviv omou Ba e€etdletal éva
anotéAeopa kb popd (Tx. To kdtayua). MeAetwvtag
wotdoo ta dedopéva mou avadlovar and TG Eexwpl-
OTEG KAVIKEG PENETEG avd Tov KOopo, ekdnAwvovtal
Tpogavéotata ol diaQopéG avdpeod ota PEAN NG
opAadag twv dIPWoPOVIKWY WG TPOG a) TNV TEdANYN
kataypdtwy, B) tg B€oeig dmou n mpdAnyn auty eiva
aroteAeopatiki) Kai y) m Sidpkeia tng emdpaong Toug.
Efval mavtwg avaykaio va AdPouv xwpa MoMEG akdpa
€PEUVEG TTPOKeIPEVOU va emPeBaiwBel n undBeon ot ol
(PAPHAKOAOVIKEG SIAPOPES OXeTICovtal PE TIG KAIVIKEG
anmodd0EIG TwV SIPWOPOVIKGV.
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(C3HIINO7P2 —second generation) inhibit the activa-
tion, differentiation and fusion of osteoclast progenitor
cells, while other BPs, such as etidronate, do not cause
such an inhibition (Boonekamp et al. 1986). It is clear
however that when bisphosphonates of any structure
are administered at higher doses (>106), they inhibit
the osteoclastic activity of mature osteoclasts.
Generally, it appears that BPs are differentiated mainly
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