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[ Abstract ] Objective  To investigate the effects of different exposure periods of intake of high- or low-dose
fluoride combined with aluminum exposure on longitudinal bone growth and bone metabolism in rats. Methods Forty-eight
2-month-old Sprague-Dawley rats were randomly divided into a vehicle control group and two groups exposed to fluoride
combined with aluminum (0. 1 mg/kg) as follows: low-dose fluoride (5 mg/kg) + aluminum, and high-dose fluoride (30
mg/kg) + aluminum. In these two groups, the durations of intervention were 45 and 90 days, respectively. At the end of
the experiment, all proximal tibias were harvested and processed for bone histomorphometric analysis of both the epiphyseal
growth plate and epiphyseal trabeculae. Results Compared with the findings in the control group, increased growth plate
thickness accompanied by a neat arrangement and normal morphology of chondrocytes was observed at 45 days in both
treatment groups. In addition, hypertrophy and retention of chondrocytes was observed at 90 days in the high-fluoride +

aluminum group. Percent mineralized surface, bone formation rate, and osteoblast circumference were increased in the low-
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dosage fluoride + aluminum group at both 45 and 90 days, while bone resorption perimeter was increased in secondary

trabeculae at day 90 compared with the age-matched controls. Bone formation and bone resorption parameters mentioned

above were all elevated in the high-fluoride + aluminum group at day 45, but were reduced with bone volume loss in the

same group at day 90. Conclusions

Short-term exposure to high-fluoride + aluminum stimulates the growth of plate

cartilage, while long-term exposure leads to cartilage osteogenesis. Short-term exposure to low-fluoride + aluminum only

increased secondary bone formation, whereas both long-term exposure to low-fluoride/aluminum and short-term exposure to

high-fluoride/aluminum can stimulate bone formation along with bone resorption in secondary trabeculae; in contrast, long-

term high-fluoride + aluminum exposure has an inhibitory effect on the longitudinal bone formation.

[ Keywords)

Conflicts of Interest: The authors declare no conflict of interest.

i (fluorine , F) 2 NAE ZE WM E TR Z —, 7
TEH AR FRAR S AR rh 3 R 1 A R TS A Y
AR B Y BE R, 2 S0 o A B
W SECRESE R bR 8RR L
TR BRI, Db DX R R A TR PR SRR E
HATFEAA R R AT B EE R —, 1

SN TAT RS R E R, TR RR A b
FE SRR & 2T 158, [A) s 3 1 Bl 4 88 (aluminum, Al)
TG Y Ik BE W R #5 RR, IR R Y SRR X G
B, BT R Y B B0k 09 B AR ET L
A, IR 255 19 P 558 ity B AR L XA A
1 TG b 98 AR & R TR, WARTE R
FRICA T R Y AR P DRI SR IR TR R Y
AR T LEAFTE i fa R 3R BR8N
5SR BA BB I X,

TUERE Y B A E AL A AL B A
[ /NNER L E RN CAD WS & SR El N PIEY R ) 2
HR IR B A RO L, AR ACE
JRR RS RE LB BRI S B, 7E
[ T8 2 o T IR AG BR S5 W), 52 e T 8 I
LN IF AR Al RS N, A XA ] [
191 P9 R ER IR 5 $8 A\ S 38 1) I YR TP B T R 0
SERRY] bR R8RS IR E R PEE A B
AR AR, R B 55, B T E X
TE R MSCHRS AL B BE PR A T TS T A0 5% 90 ) B2 LTS -3
I, TR AR AR R e HAE A 4Uh B BUF Y o
HEpPE, TEm BB b RV Y stk HIK 45
AR, B RE B A S0 B BB KRB W
HWEAE . BUERTE B T REN R E T3
DL s i oy 09, 300 B RE TR 09
HEPLE o RIS rhEE X G R A S, 14
ARSI AL, FONT SRR A e I A AR B AR
F I RS AR AR 40 i o Ak M T E T, OF B

fluoride ; aluminum; exposure time; bone metabolism; bone formation; tibia; rat

MR P A0 2 L 2 R T RUR RS BB S X A
A R = NI N E) S etk DO
MEMBIT, ZHE PR S EE R RN LR I
HARZ I TIPSR AR, X A [R] 50 i Jg i 2
85 IR TR) AN [ o i i IR A T B AR KR B RS2 T
9 LB D WLARTE NG, AHIFTE 0 T B A
0 A ) A 5 PR o U U R i O A
AR ) A 200 AR AR B B A e 4 B U B
s JEASTHE AT R LSS b e R B i o A 1
B2t Hg B R Nge i 1) AU S BOF BEAT HL A,
M7 PR JUIE A R B ) TR AT 5T R B 1 i AL P I
T .

1 #MR57A=E

1.1 #
1.1.1 LRz

TGS SD KEL 48 H MERESS 1 KT 170~190 ¢,
8 JRIIE , B F ) AR = 2 B S5 50 sh ) a0 [ SCXK
(58)2008-0008 ] , S5 Ml 5 . | AR BE 2 g 5L 56 Sh )
HUL [ SYXK (#)2008-0007 ], S2560 2 FRES IR B 22
~26°C ,{BJE (60 + 10) % , 1EH WIS 2 8 | 5286 v %)
SYIRAL B A A AR N R R 2 B R SR AR
I TG RESL 30 S e SR B L) A JEZER
112 EERF S5

ARSI R T 75 12 3B ( Buehler, 38 [ ) | A 4]
AU A HL( RM2265, Leica, T8 [E ) ; B S & 987
B 98 6 A4S (DMLB, Leica , f5 [ ) & G0 B AHHL
(Olympus DP72, H &), F B &1t & 22 W & R 48
( OsteoMetrics, Inc, £ .

FALEN(NaF CAS: 7681-49-4 L5 .20130528
RETOEE RS A4k THFFE T ) , #AL4R (AICL, CAS.
7446-70-0 L5 . 20121102 KA 48 /= 1k 2738 57
J7), He a0 R i BE (CAS: 92-31-9 #it 5.



v [ SZEG B MR 2019 4E 6 45 27 B4 3 ] Acta Lab Anim Sci Sin, June 2019, Vol. 27, No. 3 361

71041284, Sigma Chemical Co.3& [H ) ; fu # PA{A R H
FSE N M B2 Y BR (CAS: 1330 -20 -7 it %5
20161017, JLatfb T ),
1.2 EWH*E
12,1 S0 Rmsn rh #E Ay

B — J8] 3 R P R 57, T R R S R A
FEH/NEIRHET, 405,48 H 8 R IH 9 SD K
B, M 25 BEAL ST 6 21, 520 8 HL. I 4
45 d F190 d 4 ; RN ER[ 5 mg/ (kg-d) NaF +
0.1 mg/(kg-d) AICl,,Low F + Al, LF + Al], %35l
45 d F190 d 4wl i SUM AR [ 15 mg/ (kg-d) NaF
+ 0.1 mg/(kg-d) AICl,,High F + Al,HF + Al],%y
1845 d 22 90 d 4, FFIER Y] H ETSh P S
ol FH B SR/ R

it B A B AR 7K 4% 10 mL/kg FHRTE S | 25441
AN S AR L AR HE S B H 1R )
WIZRZ 45 d F190 d 2 50 10 ) AR 4 ) A o o
G, SR, A ORI R4,
SEHRAS P AR O ER AR FE K BRI ST B
1.2.2  HIEFAS R SOE ST 2 280

I3 BORMAE B MR LY FN A ZH ZLE5 T I
G54 , S AR TR i L R 4, R R R, MRS
WUIR B ITNGZT 1 em (B FEAS [ E W TP A7, Z R &
IEBEIBK G, LR TR T R e AT S
LA LY A LI 10 pm 15 wm B8] J,
R HEE R TEDOE WA T AT B A SN R
LALEHINS o VTN Va3 S N oy UK 25
e (CHEARAR) B A2, WD R /N GE DL R W 9N gt
AT EEA 3 mm N IR PN AH DG 2 20 BT
LI R e S S ARG SR

FE A S HOR B /N BT FUE 43 % (bone
volume/tissue volume, BV/TV ), & /N @ & F
(trabecular thickness, Th.Th) , ‘& /NG2% i (trabecular
number, Th.N) , H/N3243 55 & (trabecular separation ,
Tb.Sp) , A= KW JE J& ( growth plate width, G.P.Wi) ,
S e A 2800 B8 A i S 5 B A K
(bone surface, BS) , ‘& /32 2¢ 3¢ J& < ( mineralized
surface, MS) , #" fL L L % ( mineral apposition rate,
MAR) , ‘HTE 1% ( bone formation rate, BFR) |, il ‘& 4l
B JE K (osteoblast surface, Ob.S) , K Z&H i & K
(osteoid surface , 0S) %5,
1.3 SZitZEHHm

JIT A UG LAT B R e R v 22 (x5 ) RoR, ]

SPSS 16. 0 BAF AT H 2243 M, I1 3647 25 (8] W5 Y b
. LhP<0.05 WESHBENE,

2 &R

2.1 AREFBEFEMNFEFEIKREENF T
FIHIN (45 d) AN R R RS K, K BUIRE R
BN, SIEF AR ER TR EE, 45d 25
IREER (90 d) R (BIEIER A0 #E AZ B IE K
B GRS 2 0 R AR A 5 OE R A — 3K, e R
2H 90 d W AR T B, 55 0E R 2H AR A b A 2
SAEBEME(P=0.032), (WK 1)
400 ¢

350 F

300 b
[
250 b cL

200 F
¥ - IEF X4 Normal control group
150 f =GR M4 Low F+Al group

FRINEE4 High F+Al group

BE (2)
Body weight (g)

100 |

so b

I 18] (d) Time (d)

HHIEW 4B, CP < 0.05;, 5% 41 1,
LP <0.05,
B 1 AT SR ) e ) X R B A ) 21
Note. Compared with the normal control,“P < 0.05.
Compared with the low F+Al group,“P < 0.05.

Figure 1 Effects of different doses and exposure time of

aluminum and fluoride on the body weight of rats
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Figure 2  Effects of different doses and exposure time of fluoride combined with aluminum on the

thickness of rat tibia growth plate( Toluidine blue staining)
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Table 1 Effects of different doses and exposure times of rat fluoride combined with aluminum on trabecular

microstructure parameters of the proximal tibia (x+s)
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High F + Al group 90 23.36 + 3.96"% 57.26 + 8.22 3.00 + 0. 88 282.80 + 48.24
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Note. Compared with the normal control , “P<0. 05. Compared with the high F+Al group at day 45," P < 0. 05.
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Note. Fluorescence images, the yellow-green color is calcein fluorescence, and the more and brighter parts indicate a more active

osteogenesis.

Figure 3 Effects of fluoride and aluminum on bone microstructure and bone metabolism of the rat proximal tibia
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Figure 4 Effects of different doses and exposure time of fluoride combined with

aluminum on the bone metabolic parameters of the rat proximal tibia
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