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ZRAGHFE X (P<0.05), ZEYLALER TR, OVX 4w 4% Sham 4w 41 A BB 40 i ki oF &2, i
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[Abstract] Objective To investigate the expression and distribution of sclerostin in the alveolar bone of rat in the
absence of estrogen, and to provide evidence for the analysis of the histological correlation between sclerostin and alveo-
lar bone remodeling in rats. Methods The experimental subjects of this study were 32 8-week-old female Wistar rats.
Among them, 16 rats were ovariectomized (OVX), and 16 rats were subjected to a sham operation (Sham). These rats
were sacrificed 1, 2, 3, and 4 weeks after the operation, and the mandibles were removed and embedded. The mesial

and distal sections of the rat’s mandibular first molars were selected and stained with anti-tartrate phosphatase (TRAP),
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sclerostin immunostaining, multiple immunostainings, RANKL and TRAP double staining, and silver-plated multiple
staining. Results As the postoperative time in rats increased, the TRAP-positive osteoclasts counts in the OVX group
in the interalveolar septum of mandibular first molar increased significantly, and statistical difference was noted be-
tween the groups (P < 0.05). The OVX 2w, 3w, and 4w groups exhibited more TRAP-positive osteoclasts compared with
the Sham group at the corresponding time point, and the results were statistically different (P < 0.05). Sclerostin immu-
nostaining revealed that the proportion of positive bone cells in the mesial side of the periodontal ligament area of man-
dibular first molar in the OVX group gradually decreased. Statistical differences were noted between the OVX 3w group
and the OVX 4w group as well as the OVX 1w group and, the OVX 2w group (P < 0.05). In the comparison between the
area near the periodontal ligament and the central area of the alveolar bone septum of the mandibular first molar in the
same group, the positive expression ratio of sclerostin in the OVX 3w and OVX 4w groups in the area near the periodon-
tal ligament was reduced compared with that in the central area of the alveolar bone septum. The results were statistical -
ly significant (P < 0.05). A larger number of osteoblasts was noted around the osteoclasts in the OVX 4w group com-
pared with the Sham 4w group based on ALP/ TRAP /sclerostin multiple staining, whereas less sclerostin-positive osteo-
blasts were noted in the OVX 4w group. Sclerostin/TRAP/silver plating staining showed that the bone tubules around
the sclerostin positive bone cells mostly exhibited a parallel and neat arrangement, and the bone tubules around scleros-
tin negative bone cells were more irregular and disorderly arranged in the OVX 4w group. Conclusion Sclerostin pro-

tein is involved in alveolar bone remodeling in estrogen-deficient rats.
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teoblasts; periodontal cells
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sclerostin PLAA (A, £ E) , PR 1gG-
HRP (Z2li A= %, 2 [H ) , ALP UK (Jackson Immuno
Research Laboratories, & [E ) , §l #T % IgG - HRP
(Jackson Immuno Research Laboratories , 32 [F ) , J2 41T
U R 7 kB 32 136 A6 BB 7 B4 (receptor activator
for nuclear factor- kB ligand, RANKL) $T &% (Oriental
Yeast Co, HA) , KRPT/NFH [gG-HRP (Zymed labo-
ratories Inc, 3£ [H ), DAB &5 & (Abcam, 92 [H ) , 28
15 AS-BI % R £ (Naphthol AS-BI phosphate ) ( 78 #%
¥, £ ), A R 4N (Sodium Tararic) (Sigma, 38
), [# ¥ RR £ (fast blue RR salt) (Sigma, 32 [# ) ,
PBS (1 8 2A w] L sG0) , Tris-HCL O 24 A L, b
), HAVE FHAR B (Protargol-S ) (Sigma, £ [H ) .
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PLik, 4 CHEEIFE 2 h, FEIIA 1:100 [gG-HRP £
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gfa,,
1.3 B4t

FE BRI 7 5 — B o8 R i T B X 3R (o v
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TRAP FHPER 5 A0 M A 22 S e g it E X (P =
0.10) , 1fii OVX 2w 4 (147.8 + 18.2) Fil Sham 2w 41
(110.3 + 15.4) . OVX 3w £ (200.3 + 13.8) Fll Sham
3w 21 (130.4 + 20.4) . OVX 4w 2H (297.3 + 12.9) fl
Sham 4w 2 (120.5 + 14.5) [8] TRAP FH P4 1% & 41 A
i EFHARITFE X (P <0.05), [FH Sham
£ 21 6] TRAP FHME % B 40 i B i 22 R G S22 &
X(P=03), OVX 4w 4 W% H M EE R 2, I
s A R AR BT, H OVX 4% 4H 18] TRAP BH 7%
B 20 M B 22 R A St E L (P =0.006)
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a: Sham 1w group (X 40) ; b-e: As the postoperative time in-
creased , the number of osteoclasts in the alveolar bone septum ar-
ea of the OVX group increased (X 40) ; f: Sham 4w group (X
40) ; g-j: the high-power (x 400) images of the black box region
in the figure b-e (x400). Red color: TRAP-positive osteoclasts
(white arrow in figure b-e and in figure g-j) ; k: the distribution

of TRAP-positive osteoclasts in the alveolar bone septum of the

rats in the Sham groups and in the OVX groups. *: OVX groups

vs. Sham groups, P < 0.05; #: comparison between OVX groups, P < 0.05; OVX: ovariectomized

Figure 1  The distribution of TRAP-positive osteoclasts in the alveolar bone septum of the mandibular first molar of rats

in each group after sham operation and ovariectomy

B BT AR B SRR R AR A5 2R BT A0SR — S A ] B X 35k TRAP R 5 246 2 A1

2.2 Sclerostin PR 48 FELLE T A% 18] 11 R 3% oA H oL

Bt % A J5 I 6] ZE K, Sham 26 3T 5 J&] JE X s
sclerostin PH PE 3% 35 & 0L B 2 78 4k : Sham 1w 2
(76.3% + 8.6%) ,Sham 2w 41 (77.1% + 7.3% ) , Sham
3w 2H (76.9% + 4.9%) , Sham 4w 41 (77.6% + 4.7%) .

B & A S5 B ] AE 4, OVX 4T 5 8] B X 5
sclerostin PH P4 38 ik & W B K , B 48 OVX 1w 41
(751% + 6.4% ) Fl OVX 2w 41 (65.1% + 5.8% ) .
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JHEE (P <0.05) (E2),

TE 25 # 8] B b0 IX 3k OVX 45 4 OVX 1w 4
(77.6% + 9.3%) ,0VX 2w 4 (73.8% + 7.9% ) ,OVX
3w 4 (76.6% + 9.8% ) , OVX 4w 4 (77.9% + 8.9% )
55 Sham £ #H Sham 1w (75.5% + 7.6% ) , Sham 2w
(74.5% + 6.9%) , Sham 3w (78.3% + 5.8%) , Sham 4w
(79.1% + 5.4% ) ¥ 0] WL K & sclerostin FH 1 3 ik ;
Sham £ 21 [0) . OVX 4% 241 [8] J2 A J5 [7] ] Sham 2H F71

OVX 4 [H| ZF RG24 (P >0.05)

TE R 430 2 i R DX 55 24 A i) oy e o0 DX 38 A
W8 22 1, Sham 5 41 22 R L F T2 L (P >
0.05) ; i OVX 3w 4 1 OVX 4w 2H , i 7 J& B [X Jk
sclerostin FH e 3k L A5 Y40 T 25 48 8] B s X dak
HESHGH5%E X (P<0.05);0VX 1w . 0VX
2w 23 2 J RS DX R 5 A A ) oo KB 22 S 04
L (P>0.05),
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TE Sham 4w 2H T 25 ] B X 4 7] W22 51 TRAP BH
PE (LTt ) i1 4 i & AT AP BHAPE (R €20) 1l 4
M %3k, IF H A KiE sclerostin BH P (# €71) & 410 g
ik, OVX 4w ZH %5 Sham 4w 2H H RN AR B 15 40 it
BT 2, R 20 A R34 T L RS A L A
sclerostin BHTEH HIEAE OVX 4w HHE /D (E3),

2.4 i F A JE R 3, RANKL/TRAP %% 4 &,
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a-d: area near the periodontal ligament of the alve-
olar bone septum of mandibular first molar in the
OVX 1w group (a), OVX 2w group (b), OVX
3w group (c¢), OVX 4w group (d) (X 40), the
proportion of sclerostin positive bone cells in the
area near the periodontal ligament of the alveolar
bone septum of mandibular first molar in the OVX

group gradually decreased from OVX 1w group to

OVX 4w group; e: area near the periodontal ligament of the alveolar bone septum of the mandibular first molar

in the Sham 4w group (X 40) ; f-j: high-power (X 200) images of the sclerostin-positive osteocytes in figure a-e

(x40). Brown color: sclerostin-positive osteocytes; k: comparison between the distribution of sclerostin-positive

osteocytes in the area near the periodontal ligament of the alveolar bone septum and that in the central region of

the alveolar bone septum of the mandibular first molar in the OVX groups. * area near the periodontal ligament of

the alveolar bone septum wvs. the central region of the alveolar bone septum, P < 0.05; #: compared with the Iw

group or 2w group in the area near the periodontal ligament of the alveolar bone septum

Figure 2 The distribution of sclerostin-positive osteocytes in the alveolar bone septum of the

mandibular first molar in the OVX groups
B2 OVX &L FAanEs— B o 2l 5] B X 45 sclerostin BH M- 4t ffd 5347

X 40 % 200 x 400

Sham 4w group

OVX 4w group

TE TRAP 21 €8, R 4L 04 8% 15 40 i &) Bl 5 Sham 4w 2H %8¢
OVX 4w 2 /b W RANKL FH P Fr 10 40 it A4V W /0 &
WE (K 4),

a-c: area near the periodontal ligament of the alveolar bone sep-
tum in the Sham 4w group; ALP-positive osteoblasts (yellow ar-
rows) , TRAP-positive osteoclasts (red) , sclerostin-positive os-
teocytes (white arrows ). d-f: area near the periodontal ligament
of the alveolar bone septum in the OVX 4w group, sclerostin-neg-
ative osteocytes (black arrows )

Figure 3  Triple staining of ALP, TRAP and sclerostin
in the area near the periodontal ligament of the alveolar
bone septum of the mandibular first molar in the Sham 4w
group and OVX 4w group

3 Sham 4w 41 F1 OVX 4w 41 T #5155 — 5 °F 3 F JH
IS [X 3k ALP/TRAPY sclerostin — T G2 e

2.5 BHFRABRBRTETENES>HFIERL
TE Sclerostin/TRAP/4E 4 = & Y& (o rpm] L) W5
FI| 30 F 8 X 8 Sham 4w 2H 1 OVX 4w 2 sclerostin
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a: in the OVX 4w group, numerous RANKL positive markers (brown) and TRAP-positive osteoclasts (red) were observed in the area near
the periodontal ligament of the alveolar bone septum , and the strongly stained RANKL positive markers surrounded TRAP-positive osteoclasts
(red) (x200); b: RANKL-positive markers and only a few osteoclasts were observed in Sham 4w group compared with OVX 4w group, (X
200) ; PL: periodontal ligament

Figure 4 The distribution of osteoblasts, preosteoblasts and osteoclasts in the area near the periodontal ligament of the alveo-
lar bone septum of the mandibular first molar in the Sham 4w group and in the OVX 4w group by RANKL/TRAP staining

B4 RANKL/TRAP YA 5275 Sham dw 2RI OVX 4w 21 A0S — B 2430 28 Jo RECIX Jol ke 15 20 T 1B A0 Al A0 A

FH P 2 i &) Bl DL R 0 - /N4 [RDBS), Sham 4w 2H
1 OVX 4w 2H FEl 28 76 1% 5 4 B9 J5] Bl B9 sclerostin B

P 20 DL AN RO /N (TR 5 )

a: the Sham 4w group (x 100) ; b: the OVX 4w group (X 100); c: the Sham 4w group (x400) ; d: the OVX 4w group (x400) ; regular
bone tubules (white arrow) were observed around sclerostin positive osteocytes in the Sham 4w group (¢) and the OVX 4w group (d). Sclerostin
-negative osteocytes surrounding osteoclasts in the OVX 4w group (d) revealed irregular bone tubules (black arrows). TRAP-positive osteo-
clasts (red) ; sclerostin-positive osteocytes (brown) ; sliver staining of the osteocytic lacunar-canalicular system ( black )
Figure 5 Distribution of the bone tubules in the area near the periodontal ligament of the alveolar bone septum of the
mandibular first molar in the Sham 4w and the OVX 4w group by sclerostin/ TRAP/sliver staining
B5 Sclerostin/TRAP/HEHI Y 5 57 Sham 4w LI OVX dw 2T A5 5F5 — F5 2 30T 5F o) 68 DX 5F Ao -/ 0 A

3 4t i SRRSO Sclerostin & B 20 BARE 54 43 W

R IR A R A LS P R AE , 2T
I B4R R 2 i R 7 Hevh oF R R 5 Ak
Y 2R R AR Z B E TR SRE . Hh5E
UERH, eV 2 2 PR AR D RE AR | SRR P 28
I, 251 A 2 M R R AT 2 147 M3 9 19 B U 2
— o SRR REANN B A 20 LI RE , FE AL
PR K AR SRR TR AT LA 2346 R B R 40 L L A
IF A BN AT R iR 2 A AU AL A1, 2

(95 A IDE 2 R 45 A B 2 1, AT LA a0 5
DR RN AL (R I R L CNTOE K R 92
I, A VI JSE A A L A A TR O SR
SURA R Al bl e MR B = R
A E S DL AR L TN A B R D R A
BT , BN B S TR S 2 B
SN

HAT, “ 23S & FDA F1 WHO HE#2 BT
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Je W 2R e = R UL AR, IR R A 2B ST
S INEHATON . SR WOR TR A A R X
OVX 2 sclerostin FH 4 3 15 Fifi B 1] fE K 5 350 />
(RTINS (11 87 o L S g D5 A
sclerostin, AT 4F & B, MR HA fEUE lE 4 g 4
FAA AR AR, L4 400l B 2 M T, 55 AR Ak
I R I, AR sclerostin T M AE . Li %17 A BF
¥ 50 7 7E OF S BR KB S 1l B 1 sclerostin 43
WASZ BN A S 5 A R — B, AR, AL
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