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The effect of alendronates administration duration

on the healing of extraction socket in rats: pilot study

Jee-Hwan Kim'*!, DDS, MSD, PhD, Jong-Hwan Hong't, DDS, MSD, PhD, Hyun-Min Choi', BDS,
Young-Bum Park'?, DDS, MSD, PhD, Hong-Seok Moon'**, DDS, MSD, PhD
'Department of Prosthodontics, *Oral Science Research Center, College of Dentistry, Yonsei University, Seoul, Korea

Purpose: The purpose of this study was to investigate the effect of different administration duration of alendronate on initial wound healing and new bone formation of
extraction socket in rats. Materials and methods: Fifteen male Sprague-Dawley rats (body weight 130-140 g, 4 weeks old, male) were divided into control group (no
alendronate administration) and experimental group (alendronate administration). Experimental group was subdivided into 1 week administrated group, 2 week administrated
group, 4 week administrated group and 6 week administrated group according to duration of administration. For the experimental groups, during the designated time period
(at the time of extraction, 1 week before extraction, 3 week before extraction and 5 week before extraction) till 1 week after extraction, rats were subcutaneously injected with
Alendronate at the dose of 1.0 mg/Kg three times a week. Each specimen from 6 week experimental group and control group were used for microarray analysis, and other
specimens were used for histological analysis. The rate of new bone formation within the extraction site and bone loss activity was analyzed using TRAP staining. Statistical
analysis was performed using Kruskal Wallis test. (e=.05) Results: After one week from the time of extraction, the rate of new bone formation within extraction site for the
control group (16.77% = 1.36%) compared to the 4 week experimental group (14.99% =+ 6.26%) was lower. However, no statistically significant difference was found. Increase
in the number of inactive lacuna (empty lacuna) and decrease in the number of TRAP positive cell were identified with increased duration of administration. There was no sig-
nificant difference. Conclusion: The results of this study showed as the duration of Alendronate administration increased the rate of new bone formation decreased with loss
of bone activity and reduced number of osteoclast. (J Korean Acad Prosthodont 2013;51:175-82)

Key words: Alendronate; Bisphosphonate; Extraction socket; bisphosphonate related osteonecrosis of jaw; Wound healing

NE A7) 913 BA 02 ALGH S obAlo] 7] Bk 8
”P o] efA| o] Fzlg-0 7 ofzo] A} B E S &, 2003

H| AZAFYo|EX Zy]do] 243 2o Faa S 7he Marx'7} B] 2 E 2 F U 0| ES Fof W2 hatel| M A 22| =
581 0 = e e 7] sto] 29 Mnongmic pophophae] - SFEIAL WAH AL AG W o TR | 2FATY
SAZN EES BRI BHFE AAAN el o] kel B9 of2] 27 sl g
£95], 0, GG S 489 GO0 YR e B AR GBI F054E GAE FUD 4 E0

7% 3, ol-/\ﬂJ_,] A7 %2 o720 Ao] Hix| 9} B=

o
AL

*Corresponding Author: Hong-Seok Moon

Department of Prosthodontics, Yonsei University College of Dentistry and Oral Science
Research Center, 50 Yonsei-ro, Seodaemun-gu, Seoul, 120-752, Korea

+82 22228 3155: e-mail, hsm5@yuhs.ac

Article history: Received June 13, 2013 / Last Revision July 1, 2013 / Accepted July 10, 2013

(© 2013 The Korean Academy of Prosthodontics

© This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/licens-
es/by-nc/3.0) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

*This study was supported by a faculty research grant of Yonsei University College of Dentistry (6-2012-0064).

"These authors contributed equally to this work.

CHehx| 2 eS| 20134 513 3%

175



URg - £33 H30l - w254 Y= 2ujo|E9] Foi7[7io] wlstel x|Rof olxlE Y% oy

TFUY EE 79 7 5 s ® gt H| AL AT Yo A% B3k a} ik g A] vl E o] 83| Hikita 5°2] A7)

E A ot2y)ale] 714 1} B slo] A =do] glon] 24 Me U=y ol ES ¥ 24 A HE F 23] 1.0 mgkg]

E 7159 A, BPAQ AA, 4E 5ol Frgelow A FTLERE 0§39 1 Kim 549 Ao E dUl =Ryl ES

Zhg] a1 9l 3 YA o} 2 7kR] W 8l A| 1 7] A o] Bl R A = A& 4574 5E 50mgkee] v =2 5 33] Fol519] o™ Aguire

ooy 579 A= GUMEZY | EE 150 ugkge] FEE 3F
H| AZEAFTY O E A A ZIALS A7) & 0o ARE F23] Bttt o] ¥ 5l Ztzte] FEA YA A}

 HAY X F5E, 2ol 9 X 2F % 59 XA 27}t S8 A A 2] FEo} Folr| 7kl & 2fo] 7 AN T

2 dukA ol 98 e A7 delA 9ok E3) ©x)7) o] 2L wEha] B o oA = | AXATY| 0| E A A2 Fol7|7F

do7 7bsAo] 7MY =L N FE Ha H A 6] 3ok S 28l S wf whx| 9o 2] froll nA|E g gkl il Lo}

obo] A froll Bl AEAF U0 EV} ojW o 8FS 1] x| = 7} B 17} 31 ok

of thet 5o 1% 11 QI t}s Hikita 5L WA Z 0] 831 4]

ol A 2] 15 T 2| Al ol A Q] 2]f & 9do] ek Ao} A = L dhH

A o] 9L 4 9lrha B 5} th Kobayashi S0e] ZHl =2

u] o] E (zolendronate) & ©]-8-3F A 7-ol| o] S} H| AX A F |0 E
7F R & 7] x| ehol| A A E PR A, FF Aol vt
Al B o A AR S A E B3t AP
Al 28] 5 TS A 2 o] 5= A& Bl ARAFEAA
AlZ1tk B3 33t} Yamamoto 52 Osteoprotegerin (OPG)
A7 A2 ol 8B Aol ZBAL 3T ALE 0]
A8 v N 87 2 Al g-gtthal Boaske] o1, Tabuchi 525 A1 A
2 949l 273 geIA 3T AL $03 48E at

e
\11
_0|L
b4
2
j|:_l,
il
2
[Nz
1o
ik
o,
ot
N
Ui
ot
oX,
Ky
2
ot
o |
i)

[e]
Y o] 512 Axe] 7% A7t AR §AL S fay
A7V 5 . o4 AP5e) AR W AE~
SRESP EE PRSP EEERPES FEEER
1 &

=2

ol F e g n A Aoz A
2 B AZ AT o] E Fol 7t Al
-9 Z=9ttn Bt 921 Miettinen S

(Zoledronic acid)o] 0.7 Q1§ & &4 & A 517 v Zel| o
THE T 2o Bl =gl drpa Baghwkgln
ol g 7|E A AT=2 ol et A= Fefizl A

s

Rpol3kE ol BFE FAE 4 ATk A U] 2
Hlo| E A4 2] oFEo] AMRE ] oH oFE0] Fol gLt 7]
o] TISIERE U L HHS Holtk WAE ol &
A Viera-Negron 552 Ao A& Als 47415 ddl=
Yo EE F33] 5 mgkg TEE T35 o Aol A=
H| 2~ AN 0] E FoRA] QI ZHES Zg3o] =Tt

5

A

(

ol

Table 1. Study design

4 27 W X (Sprague-Dawley Rat, Body weight 130-140 g) 157}2]
£ o] -§-3lo] &l = 2| o] E(Merial Inc., Parramatta, Australia) 5
ATR(AE D) FolshA] e 2T o2 v AdwS
THA] ol 7] 3bol| mheh 152 Fod 7, 25 Fol i, 45 ol 2, 6
Fodw7bA 25 vkl T 7o) AT o2 W 65
Tl Z2nte] = ) A vl A 2 22 EhA A of] 22t o
nhe] A AREE AT E kel = 67 o el g o
o 8 AHEE ItK(Table 1). Aol AHEH WA S AHT5E 7
B3 A ES AAE F A S AAt . x| 2 gt
SE AN AbFEHA o BE AL Aot 2|2
et A AABhE S8 A A3 kA Al At B
2EAFU | E AT 2 APEEY Fo4713E Aol BHA|
Eolgy] Alaete] WA 15 84 5)7] A7kA] o) 384
SHll= 2U|o| EE | mgkge] FER T|SFARR Fol g QL.
W] 5] 9 HA QN AL HF(xylazine, 20 mg/ml, 0.5 mlkg
body mass; Bayer, Leverkusen, Germany)¥} Z-#| €l (tiletamine and
zolazepam, 100 mg/ml, 0.5 ml/kg body mass; Virbac Lab. Carros,
France) S 3¢ niH Al & =5 Wl FAFste] A4 mp A7 £
&t &5 A 172 & 2] 5k thFig. 1)

WA 157 & 27k AAw 3 o 2wt A =24 o BHA 4%
X 590 3] =(paraformaldehyde) S 4 g oll FAVSHE B 1 &
&3l B ske] 2tz PeetA, 22 oA EA S Al kit

EEAHS AYE 4T AP A4 10% EDTAS T
A2 B3] o] AR ES o] &oto] Tum T2 A
wated H&E (Hematoxylin-Eosin) 215 A] 88 5}93 11 Acid phos-

Group Initial injection time Alendronate Injection period Number of rats
Control None None 3

1 w group At the time of extraction 1 week 3

2 w group 1 week before extraction 2 week 3

4 w group 3 week before extraction 4 week 3

6 w group 5 week before extraction 6 week 3
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Fig. 1. Extraction socket of the first molar of the rat. A: Right maxillary first molar of the rat, B: Extraction socket C: Extracted maxillary first molar.

Fig. 2. A: Interested area of extraction socket (H&E stain X 12.5), B: Border of mesial root (H&E stain
% 50) - Image Pro plus program version 4.5 software (Media cybernetics Inc, USA).

phatase leukocyte kit (Sigma, St. Louis. MO, USA)Z 0] &-5}0] TRAP
(tartrate-resistant acid phosphatase)d A -2 A] 8 5} T} 1hx] 2}<]
BAA T & HEE G4 Al 9ol 4] 33 n)| 7 SH(Leica
DM 2500, Leica Microsystems, Germany)oi| 4] #+25] it} WX
she] 2429 Wk AARSIAA B $918 S5e9n
Image Pro plus program version 4.5 software (Media cybemetics Inc, USA)
= o|-&ato] LA 2 A & WS (trabecular bone) S A A=
A v A A 29 WA HES ()R A Flet
Ch(Fig 2.3). WX she] A7 AL Zo] FAHA e A
Q1 27} reversal linesol] ©] 3} ¥ 5] 78 ¥ AT, x| ¢fe] A
| F2]of| A1 300 um X 300 ime] P T F-9 & LA
slo] FAa7to] Bloj9lE FA| 2] 2 AL TRAP G4 A]
7 o]] 4] &= TRAP (tartrate-resistant acid phosphatase)o| 3}-24] £2] %
A Apo] B ] oke] AR F-fofA] 300 um X 300 ume] G
TH 3912 QA 87 2 8 F TRAP-posidive cells & A 551 e}
(Fig. 3).

H|AF 2~ F Yo EL] Fof of 71 3] 15 F.9] hx] 9} %]
Fg FollA LA 9 oF FHZ2] DNA T Fdel nx|=
GekS B 98] nlA e g A (Microanay analysis)2 A]3) 3}
At} Wz A B AZ AT Yo EE Fokskz] 535wl oA
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Fig. 3. The selected area for measurement in the extracted sock-
et of mesial root. A: Extracted socket area of the mesial root of
the maxillary first molar, B-D: 3 lateral areas beside the mesial
root, E: Septum area. Each blue square (300 um X 300 um).

Aok AT T2 S A3 A
A G h 2z o A A 15 F «l AAA TR oF 9] =2 A
# oto] mlAlE £ & Aokl Al E £4 2 Rat
genome 230 2.0 array (Affymetrix, Santa Clara, USA)-S- ©]-8-3}o]
=] 2 Th A S8 222 RNAlter*Soln (Ambion)e]] H.Z3}o] &-
g Ssick $ANH B4 02 AP T 2T Aol A
377 )8 2ol 7} 7] ¥l 3l7] $181A] Kruskal Walls
test = A] 3 315 THSPSS 18.0 software, Chicago, IL, USA).

= !

T FEdn A
X 12501 &2 FA R o] w29k gl ) x50u) &2 A A
AR @R ool A A FA FAAE A Fo WA S
F3l3l thFig. 4). A1 ZF P4 F e EAK 2
1 0] %] ¢kt (P=910) (Table 2).
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Control

1w EXP

2w EXP

4w EXP

6w EXP

Fig. 4. Extraction socket areas of the each group. Left: H&E, X 12.5, Right: H&E, X 50)

Table 2. Newly formed bone area (%) in mesial root area of extraction socket
Con 1 wEXP 2w EXP 4w EXP
Bone area (%) 16.77 + 1.36 17.66 + 2.76 1694 +2.84 14.99 + 6.26
Values are presented as mean =+ standard deviation
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Y2 BE A e FA7Ite] 7ML= Uk o HIAE A O] E AAS] RSOt o2 #Ate]
(Table 3, Fig. 5), §71 4 0. 2 2| g 2fo] & HolA| = ity 990& WA} sk 05_?7} A P 2 kel FBA
(P=077) EAA =AM AHDD 67T MEF P& Falo] HjzEaFu|o|E9] S lstunt P9 4
TR R 45 Foiwe] Foin w7 ST TRAP gEo] o Bus ek o] 2| g A5 Azt= N2 4
positive cell-& 250} 45 o o A th ol Wl el Hha AEAsl wbe] e S ABSHl e 229 Hikita 59 ATolA =
TAYE Hol SAA = 25k = e ATHP=459) (Table 23| ske] 2] f7} A| A o] AFF 3L whHel Kurth 5] A
3, Fig. 6). T E Fthaso] FriE WA oA Bl AEAFY 0] Ed

1] Al 241 2 ZH(Microamay analysis)ol] 4 = ThFek 2o ofal JEHES] Fggol 258 FEATtr BHuEgle
Axtol 7F AAAIRE T A frof B vl = FrAAESolA o ¥ 1, Graziani 5] &1 o] A = A}BHA k7] 9ho] 2] -frof A W] A
SRS ¢ 2 HH angiopoietin-12} c-for induced growth factor ZAFZY0|E BolFoA T Be ZAA o] HSLS Bk
(Fig. 091 #7747} 8- 21 | AL Table ), ul Slck. olel @ BRA gl el Al Aok AL v

Table 3. Empty lacunae (non-viable osteocyte) cell numbers counting in septum area & TRAP positive cell numbers counting in septum area

Con 1w EXP 2w EXP 4w EXP
Empty lacunae cell number 67 +6.25 132 +52.26 164.33 + 18.58 17233 £ 57.24
TRAP positive cell number 51+ 1571 50.33 + 11.37 40.33 + 10.69 39 + 6.00

*Values are presented as mean =+ standard deviation.
*No statistically significant difference was found in number of empty lacunae (P=.077) and number of TRAP positive cell (P=.459) between control group and experi-
mental group.

Table 4. Genes that showed prominent disparity compared to control group

Up regulation Down regulation
Atp7a Angptl
Extraction Spink5 Figf
Ceacaml

Atp7a: ATPase, Cu+ transporting, alpha polypeptide

Angpt]: angiopoietin 1

Fig.f: c-fos induced growth factor

Spink5_prediected: serine protease inhibitor, Kazal type 5 (predicted)
Ceacam1: CEA-related cell adhesion moleculel

*

.
A
s

- e

Fig. 5. Empty lacunae counting (Leﬂ H&E, x 100): White arrows Fig. 6. TRAP positive cell counting (Right: TRAP, X 200): White
indicate empty lacunae. arrows indicate TRAP positive cells.
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