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The Suppressive Effect of Alendronate Sodium on Nifric Oxide Release
by Macrophage

Ick-Hwan Yang, M.D. Soo-Hyun Lee, M.D., and Chang-Dong Han, M.D
Department of Orthopaedic Surgery, Yonsei University, College of Medicine, Seoul, Korea

Purpose: This study was designed to present the effect of alendronate sodium on prevention of osteol-
ysis after arthroplasty by suppression of macrophage.

Materials and Methods: Submicron-sized titanium particles were made from TiAlV cylinder and plate
after milling, and by repeated washing, centrifugation and floating method. 12 dogs were given alendronate
by oral administration for 3 months and blood was sampled at 3 weeks, 6 weeks and 3 months. Monocytes
were separated from canine blood by isopycnic centrifugation with Percoll solution and cultured in media
with LPS, L-NMA, TiAlV particle (X1 SAR and x5 SAR) for 24 hours. Nitric Oxide (NO) assay by Mendelow’s
method and MTT assay as a cell viability test were performed.

Results: Average diameter of TiAlV particles was 1.1+£0.8 um (from 0.17 to 4.0 um). Particles less than
1.0 zm were 55% and 3.0 um, 96%. Compared with control group, there was slight decrease of NO produc-
tion in 3 weeks group with no statistic difference, but there was significant decrease in 6 weeks and 3
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months group statistically.
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Conclusion: Administration of alendronate for more than 6 weeks may be effective in suppression of
macrophage, prevention of osteolysis after arthroplasty.

Key Words: Osteolysis, Nitric oxide, Macrophage, Alendronate Sodium
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Drill Press

Titanium Plate

Fig. 1. TIAIV rod was connected to drill press and milled against
a TIAIV plate. They were surroundrd by a plexiglass chamber
containing antibiotics supplemented distilled water.

3 T S5 oY 4 okl 7PEE = QU oo
alendronate sodium< ©]83F AXAZ] JAE F
A F WE Agke T op|H = FEAE A T2

A A 4= = R|9} 243t alendronate sodium @]
Fof 717HS Yotr 12} st
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1. Sulemicren 32719 titanium Xt &=

A2 AMEE]o]X]= table top drill press©ll
TIAlV &4-5-(titanium—6% aluminum-4% vanadi—
um, 4°] 8.0 cm, 27 3.0 cm, Crucible Research,
Pittsburgh, PA)S 912311, TIAIV F42H10.0%9.0
x1.3 c¢m, Crucible Research, Pittsburgh, PA)°]
tiate] 70 N2 o slof| oF 300 rpm o2 st &
&ubof| tiste] AnfstchFig. 1), Wiet 2582 5
mg/mLe] HYA=3} 50 U/mLe] AEFEnto]Al(St—
reptomycin, GIBCO BRL, Grand Island, NY)<& &
12t 554 2F 250 mLo] E°1%)+= Plexiglass cham—
beroll EiRtolFltt, AnkbgE 40A17F 57t Al3gste]
AAES AFol S0l 95% oEFEE chamberE Al
At & JAAE et THTE A AR the, B
AvLE Akt 103]9] Arkg(F 400A17h< &
3 AR5 YA 607 52 1,000 G (gravity)

Fig. 2. Scanning electromicrograph of TiAIV particles after sedi-
mentation ( x 2,000).
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2 AHETE T F, 95% k& AR-F AA F
/\ﬂx%ﬂr J= Aldekict oF 18.0 g9 TiAlV particles
Q9o o] Qx50 Fel wEsAG B mo &
T"Fi—."?l 2 59| vhekRt meFe] dAbEol wEE
(Fig. 2). UWl U= TEIX—.L%* il O‘Z}E—J F7)= Fa

/Jm‘?\"i‘:}(Flg 3). *ﬁ‘ﬂ](‘:}x 7aof thgt 217 9] vl&)
= A4 10, Fd 7.002 HeF FF vl= 549k ©]
2 ¢ vAlRE YRS ERs 7] $isiA 107H2] 50 mL
St Al JAES WAL, 45 mLe] 95% ollghE
o AAEE A |t 5EEe] 230k HE| 2 A
gt Sof| 2A17F FeF AHA-HE AT AS SalA
T YA 7Heeks| AL nlAlR YA B AElE o
OFA gt & Z47Fo) AP HO B HE vlA| YRS T
34T AE 20 mLA F3 S A BobA 480G
Al 3027 MR E SISl v YAk=ol tisiA
&= AEA et A7 = B 33 HHESEe] 1 um ©]
SFS] TIAIV YRS H3dTh QA= Aol gt =<l
A= glste] dARe] o] 2RSS A AR E
1]7(Philips XL—30 FEG, Mahwah, NJ)2.Z sec—
ondary modedtel] Feetd AARE Al¥5kitt ofeF
3 mope] 17| HAGA, Ak A} o) A2 A4 A
Wal= - 2749 A7 —fé?l LA L = apdy
o] JAte] A7 o2 Bt oF 1507H—4 Y= 54
A0 = o} 7t HEES ZASISICHFig. 3).
oF 506 mg?] v|AIgE submicron TIAIV YA=E A
o JAFe] AL 2|4 0.17 um, HH 4.0 ym= Bt
1.1+0.8 pymo|%itt 1.0 pym=Ec}t 2 H2= 56%9|
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Fig. 3. Frequency distribution of TIAIV particles.
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AAAEA) 12012]oA4] 1 mg/kg® alendronate
sodium=e 37}€7t - FolshHA, o= Fof A4, &+
o] ¥ 3%, 65, 37dnitt 22F 500 mLo] EHS A
Hst Percoll 841,077 g/mL)2] UEA} Y&
(isopycnic centrifugation)& ©]-83F WE- Eef vt
Hol whe} T (monocyte) &2 H2I3AHY, Dubel—-
cco's Modified Eagle Medium (DMEM) B Feljof] 2
8 Enlo]A(100 gg/mL), FYAL100 U/ml) 2
10% newborn calf serum (NCS)= 313t vjeFl&
228 NZE53 $7 24 chamber plated] Yo
Zt chamberoll= AZ57F Pt 2.4+0.7 (1.8-4.3) X
10%] === sl5ith, AY vl 2t 7|17mkoh A
2, 54t AT TIAIV JAF SEa(x1
SAR; Surface Area Ratio: Al2(monocyte)7} 73
ofgfal 7HYe wf 10°7§¢} A7} 713l A (1,52 X 10°
mm?) I} Z2 FHEE 2= YA, o] TIAIV
YA FHEUH(X5 SAR) o= AAsgich WAl NO H=
< A2 UL 5 e F dE2Fe2 LPS (lipo—
polysaccharide from E, Coli, serototype 0111: B4)
= chamber3d 20 pg/mL 2 #H7I5FA3, NO W&ES
AAsk= A 2702 L-NMA (N-monomethyl—
L-arginine) 1 pg/mLE YUt A% ol 2447
TiAlV—particle (X1 SAR), TiAlV-particle (X5 SAR)
= 27} 3A7Vslod, =SS 24417 vieFSISIT, Mende—

16

14 0 x1ASR
W x5ASR
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oo

Control 3 weeks 6 weeks 3 months

Fig. 4. Ghaphs showing the effect of adminstration period of Alen-
dronate sodium on the release of nitric-oxide. The Values are sh-
own as the mean and standard deviation of four measurements.
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Table 1. Comparative results of Released NO during the ad-
ministration of Alendronate sodium

nmol/10° cells/24 h  control 3weeks 6weeks 3 months
LPS 13.6+0.7 114+11 68+£16 6.7+23
x1SAR 125+3.0 105+43 57+£30 6.7+18
x5 SAR 108+1.7 88+26 43+17 428+04
L-NMA 32122 27+18 42+20 33%14

LPS, lipopolysaccharide; L-NMA, N-monomethly-L-arginine; SAR,
surface area ratio.

low's method& ©]&3F AR 424 (Nitric Oxide
assay)= ol BiXY] 5 HS Fsto] sUek 4
Griess 17} I reagentd 412 100 uLe] S3HgHS
FoJatal 15-20% ¥ colorimetric change analysis
£ S}, 2 Alefolut YAE9] Fof F ufA|of H- Al
9| N EZI|ALE] Aot ARSHA A HIETFO| Ao & 4]
A3kslr] QlafjA, Aokgl= AliEe] nEZE ol aas
3l Zhg-of ©3t 3—-(4,5-dimethylthiazol-2-y)-2,5-
diphenyltetrazolium (MTT)E ©|-83F Al AJ&E& 4
ARE SHAEE, BAIAEl= paired t—testE o833t
2 1

MTT A4$ dA Mz ARt a2 2
o4 12.5+3.0 nmol/10° cells/24 h (X1 SAR), 10,
+1.7 nmol/10° cells/24 h (x5 SAR)S2H, 35+ &
ool 4 10.5+4.3 nmol/10° cells/24 h (X1 SAR),
8.8+2.6 nmol/10° cells/24 h (X5 SAR), 65+ &
T2 5.7£3.0 nmol/10° cells/24 h (X1 SAR), 4.3+
1.7 nmoL/10° cells/24 h (X5 SAR), 37§¥ Foa-2
6.7+1.8 nmol/10° cells/24 h (X1 SAR), 4.28+0.4
nmol/10° cells/24 h (x5 SAR)tHTable 1, Fig. 4).

izt H]5ke] alendronate 35+ Foiwt& Akt 4
270l ki Fassiloyt, AL 9fnl= gl 6
T} 3711 FoltollA= SASHH 07 folabA Aletd
2 Ao 745k om(p<0.005), 652 371Y = +
7ke] Zfol= A
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