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Osteonecrosis of the jaw by bisphosphonates: approaches to the underlying
mechanism, prevention, and treatment

yamaguchi, kouji
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Nitrogen-containing bisphosphonates (N-BPs) have greater anti-bone-resorptive
effects than non-nitrogen-containing BPs (nhon-N-BPs). However, N-BPs have side effects including
osteonecrosis of the jaw. In the present study, we obtained the following results. (i) Minodronate, an
N-BP produced in Japan, has inflammatory/necrotic side effects (INSEs) in mice. (ii) Lipopolysaccharide
(LPS) of bacterial cell wall markedly exacerbates INSEs of N-BPs at the site of injection. (iii) N-BPs,
irrespective of their side chain structures, are taken within cells via the phosphate transporters
SLC20/34 and induce INSEs. (iv) We previously found that etidronate (Eti, a non-N-BP) could prevent
and/or reduce the inflammatory/necrotic effects of N-BPs, and that Eti could replace N-BPs that had
already bound to bones, leading us to propose “ Eti-replacement therapy” . In the present study on
patients with osteonecrosis of the jaw, we obtained effective results of the therapy.

bisphosphonates



Bisphosphonates (BPs)
bisphosphonates (N-BPs) BPs
(Fig-1) N-BPs  non-N-BPs

Fig. 1. BPs O@ECBRIUDHIER  (BIEIS B RARIDH {F A O H*EE)

9 e Qo Q oH
OH OH
ozg’—ou R chzg/—on ”o\c/g/-OH °'\c/|'=|’—ou
“p-oH R Np_oH me pcon 7 eon
11 NoH 1 oH 4 oH I oH
o
Py i Eti lod|
(PPi) (BPs) (Eti, 1.0) (Clo, 3.3)
9 oH O on ® oH Q oH
HO PZon MO\ pCon Ho, /P=oH HO, /P=oH
e 5 pcon AN pcon PV gy FEVAANN Necon
on I on &n, LoH
Tiludronate Pami A Ibandronate
(Til, 3.3) (Pam, 33) (Ale, 1,000) (Iba, 10,000)
o 0 o
OH OH ] N OH
s b b (IdS
7N N N N\,c\ N N
u E\OCLH Q_/ E\&H \—/ E\—OC:IH ﬁ\OOH
Incad t Risedronate Minod
?I‘r::: '1‘,’8'&? (Ris, 3,300) ?Zol, 10,000) (Min, 10,000)
N-BPs
2003 41
0.8-12
alendronate N-BP
208
9 4
2008
248 568
N-BPs
BPs
N-BPs
non-NBPs  Clo Eti
N-BPs
N-BPs

LPS N-BPs

N-BPs
IL-1 TNF
N-BPs non-N-BPs
non-N-BP Clo N-BPs
N-BPs
Eti
N-BPs
Clo
(1) Minodronate 2009
N-BP
zoledronate
zoledronate
Minodronate
(2) N-BPs
LPS
©) N-BPs
SLC20/34
N-BPs alkyl
cyclic
(4) N-BPs
Eti
(1) Minodronate
minodronate N-BPs
(2) N-BPs
LPS N-BP
plethysmometer ( )
N-BPs LPS
(3) N-BPs
Phosphonoformic acid (PFA)
SLC20/34  inhibitor
Alkyl cyclic N-BPs
PFA
(4) N-BP etidronate



informed consent
etidronate (

(1) Minodronate (Min)
Min
zoledronate
Min Zol
Min
N-BPs
(etidronate, clodronate)
Min NBPs

non-N-BPs

N-BPs non-N-BP
(2013

)

Fig. 2. R TOD N-BPs O &RAEEMA

LPSO#MR YRS RR—E—
. 3d PEEEOZHR
Min (2mM) 5 LPS (100 pg/ml)

(20 pl/imouse ) (20 pl/mouse ) Zoledronate (Zol) : 4 mM
PFA (BRI AT 3E): 50 mM
400  Slodronate (Clo) (FAEBARDEE) : 10 mM

in BALB/c (n = 5) In C57BL/6N

w00 Min + LPS 3 300 T/"“\ ‘/zolalone
= Zol + PFA
2 ¥ > / ] T .~ o
= ) = 200 .
S 200F injectionof  Min + saline H \ AP
‘,3, LPS or saline 100 ] \ZOI + o

0 1 1 1 1 1 1L 0

0 3 5 7 9 11 13 0123456

7 8 9 10 11 12 13 14 15

Days after Min Injection Time after Injection (day)

* LPS [ N-BPIZ &£ 3 ZIE# 1834
- U B RS YR R— 8 —DEBEIIN-BPO K £

(2) N-BPs
LPS N-BPs
(Fig. 2) LPS N-BP
N-BPs
(Fig. 2-l€ft)
N-BPs non-N-BPs BPs
N-BPs
N-BPs
N-BPs
N-BPs
(2014
)
(3) N-BPs
SLC20/34 PFA  Ikyl cyclic
N-BPs
non-N-BPs  etidronate  clodronate
F1g.2-right
zoledronate
PFA clodronate
N-BPs
SLC20/34
(2014
)
(4 N-BP etidronate

Eti

(2 3 1
) 13
Eti 3-4
2-3
Eti
:BPs
N-BPs
Eti
N-BPs ( 100 )
Eti
N-BPs
13
N-BPs
Eti N-BPs
(2014
)
N-BPs
Fig. 3
N-BP etidronate
Fig. 4

Fig. 3. N-BPIZ &k AR (FAEORBERIE D fRB)

v B b5 2R—5— (SLC 20134) []Tolltike receptor 4 (TLR4)

:¥o/AT7—

ﬂﬂllls L LT
HEIRE - B
ML ATP BRHMR |
NBP —> e
p— P AR ALRFO—LARER |
50 N-BPs “ BRATONERZ
N-BP
FRE—2Z : BRI
wmAMR
N-BP
JLRFO—LEREE| < \Bp REHS
WhBE AT SRR | [ —
mmina |y 4\ [ RRE gy RIE
RE N-BP o
N-BP I9A77—2

RERTHREDTHIK - Mo (& 2 BHIROIREIC & 5 BHIEN, BICE L1 N-BPs %
Bt N-BPs [FIEAFMBMIAN 5 Lilid S h 5. s N-BPs (X LPS [Tk 5 IL-1 EXE
WAL, EHICIL1 PO TNF ICEBRERGHIMMET S —H, N-BPsFaLRxFO—)L
AREBOMEELI-5L, MECMBELRET S BTORER, R/5Shi N-BPs
OFEMERET HE;ITBMIBLEEL, BHL I N-BPs OB EMEST 5. COERR
MEBOMIE - BHEL5T. FRTOMERZLEEERETS 5.

Flg 4. N-BP DH#IE - HMIEIFA & BRIRIFIRIRIZH T 5 Eti DRFE
A. BICER L1z N-BP (XBIRINODBIE MM T) T, WEMERAICRYAEH, HEME

ERBMSE, BRIEMFT S EALEBMEN S N-BP L sh D

B. Eti & N-BP O#tf#% 5% N-BP OFM £ 5.

C. N-BP Sk ZAMRKIC Bt #1857 5 &, Eti [ZBICERM LI N-BP £BHT(RET )

CEMTES.

Eti (&, %5 Shiz N-BP EiIEHEBH Sl S hi= N-BP OEBEE O RAARMERN

~DBY AHEMHT B.

EIEBICERL, WEMRAICRYAFH, ZTOMBEMEICEY BRIREMST 5.

> T, Eti (X BRONJ OF;& REFICERIVNFIZNR L FET S

o

m

N-B (##)




bisphosphonates (NBPs)
non-NBP  etidronate (
)

Clin Calcium 22
2012 P752 ( )

https://www.iyaku-j.com/iyakuj/system/
M2-1/summary_viewer.php?trgid=2486
5

Inflammatory and necrotic effects of
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