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The Influence of Fluoride on Cell Cycle and Apoptosis of Cultured Caprine Osteoblasts

ZHONG Dai-bin'* ,FENG Li-fang' ,QU Wei-jie' ,SU Jing-liang' , HAN Bo'"
(1. College of Veterinary Medicine ,China Agricultural University ,Beijing 100094 ,China;
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Abstract: In order to determine whether fluoride would induce apoptotic cell death, our research
group monitored DNA fragmentation and the cellular morphology with Hoechst33342/PI double
staining, DNA ladder and transmission electron microscope (TEM). The level of apoptosis was
analyzed with a fluorescence-activated cell sorter (FACS) by the Annexin-V-FITC and the pro-
pidium iodine (PI) double staining method. Cell-cycle analysis was also examined with FACS
using PI staining. The experimental results were as follows: Ultrastructural features of osteo-
blasts in control group exhibited clear nuclear envelope, large nucleolus., even karyoplasms.,
abundant endoplasmic reticulum and mitochondria. When fluoride was more than 1.0 X 10~*
mol/L, cellular membrane disintegration, cytoplasm condensation, chromatin compaction or
fragmentation, endoplasmic reticulum (ER) expansion, nucleus shrinkage or periphery were ob-
served. Fluoride at 1.0X 10 7 —2.5X 10 *mol/L induced apoptosis with DNA fragmentation.
FACS cell-cycle analysis demonstrated that fluoride caused potent G,/G, arrest. Few cells could
be found either in the S phases or the G,/M, thus inhibiting the transformation from S phase into
G, /M phase under high levels of fluoride. The highest apoptosis rate of earlier and later stages
were induced by 1. 0X 10" mol/L fluoride(3. 33% and 2. 92% respectively). In conclusion, the
results revealed that fluoride can induce apoptosis in osteoblast.
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CO, 153546 (Reveo) .6 FLIF 37 R (Costar) 5 &
AH 2 1 38 B (Nikon) | 37 32X 48 L {X (BECScan) | %
BAEE (Olympus) 8485 B0 A A (b 8 3 A
W AR 5E B | 25 Hh A2 A (Alpha Imager 2000,
Alpha Innotech Corporation) .
1.3 FEiXHA

DMEM 3% %£ (Gibico) | -4 2 I iz (Sigma)
WRUE G 45 1 ¥ (FBS, Australia) . 3 4% & & (Hy-
clone) (U fL4H (NaF, 43 A4l db 5AL T.) ) JJRE H
it} (Sigma) | [T 71 i J5 i (Gibico) \DNA 42 B 7 &
(Omega) . B g ¥ (Spanish) il fL 75 %€ (PI, Sigma) .
HO33342(HO, Sigma) ,
1.4 paiEss

T R R AR 25 5 JBCR 5 BR UL PR A 7 Ml 2H 215 )
B BT 10, ] DMEM BE Rl 85 SR i 0 % 2 I T
PEARPVE B BT A 1 ~2 mm’ B A, A 0. 1% )8
JEL AN 0. 25 04 [ 7 1 il 37°C 4% 1 Ak 10 min, ]
PBSWEEMA L E S 1% HiEE R 1S AW
Jiz \15 %0 FBS 1) DMEM 85 37 W . 41 2L e 82 %0 1 85
FEM L 7E 37°C (520 CO, 1 A J3E K5 240 b Bl 5% 35 97
4 h BT R IR . MR A S E AR 3R %
SCHRL4 B .
1.5 Keigit

BB A X B K 5 A>3 AN [l v B 3R
RS (2.5X10°,1.0X 107 .5.0X 10" . 1.0 X 10",
1.0X10° mol/L NaF), &4l 3 A~ E\EHE L.
1.6 HEENE

AR 4 BRI BE A= K S5 48 TG I T 8% % Ak 2k 1

7% 24 h,PBS YU 2 W 40 & AR BE NaF (19 55
FRW . ALK IR A8 h, TR IR PBS Wik 5 M
0. 25 %0 R FIRE I AL . I A AL LA 1 000 r/min
B0 PBS(pH 7. 2) Pk ¥ 2 ¥k, I 48 e 1+ 505k
FE VR T 40 % B F) 10° /mL, BUA- 4140 100 w1 i
ANRE HE N 3 mL % LW (4°C) R A1, 4°Cuk4E
. 2 REOYM (1 500 r/min, 10 min) % |
HWR (WD JG . PBS PRk 2 3. 5 B, BEMA
500 pl PBS, il A% 100 U/mL RNase, 10
pg/mlL Triton X-100 I 50 pg/mL PI A9 4 50
pL . FE#YE 30 min, B0 (1 500 r/min 10 min) %
Y. EEMA 500 uL PBS,IEZ),

200 L 0 2o 20 240 LU PR X SR AT R DU

AT ORI FSvSS BT, 1 2 20 M B, S
X BEAE B A AR U B AR OO R .
PHOENIX  MultiCycle 43 #8443 B 4 i 51 39 .
1.7 SFESEMATHSH
1.7.1 Hoechst33342/P1 XU E 4L {4 41 il G BE A=
K 4 & AR B NaF [ 55 97 . 4k 22 55 97 48
h,0. 25 %0 R EE B AL IR 4L . 1 000 r/min &
O IF WO 45 2H 40 i, PBS Bk % #0200 pLL PBS &
B 40 . JT] PRI Hoechst33342 #F 47 M & 4L {4
10 min, 986 B8 T A4 .
1.7.2 DNA ladder Hyk T 4005 4 &
AR EE NaF (5 772 W%, 4k 22 15 5% 48 h, 0. 2500 JBf
B A4 i, PBS PE% 2 5 T 200 pL ¥ PBS
(ATC)RLTF o il 5 BB 200 A . e IR DNA 42 Bt
A & Ul B 4342 DNA

RS EB Y L0500 B BR M BE I #E A7 Lk . B
5 pL DNA 5 1 pL 3R 5 28 vp R A ke T 5E I
FOREAL L FE S FE SRR FLUTYE 3 min, AT HL UK, LR
5.0 V/em, HLUKES ARG G MR, T 28 4033 T 43 B
ACOULEE 3 FH 28 S0 UG A AT B8 IS AR 53 #

1.7.3 ESTHE UL (TEM) 4 iy B4k K s,
AR B NaF 19950 k2L 55 5% 48 h, PBS
VR RGBS R A B B0
220 JEE K S L 6187 FR AR AR A, LKB
8800 Il 784 & VI v AL YD Fr o ) v 48 T 2 A ) A TR
Bt 3 B AL UL

1.7.4  WENGmE 22 2 8 4 857 BT (Annexin V) KA
P15 4L 10°/mL #F0F 25 mL 3%, T &
1520 4 M3 i) DMEM K 352 b 5 5% . 40 i ) B
KGR & R F W B NaF BB 3R, dkZehs 3R
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48 h J5 T 0. 2506 JPE 2 11 G T 1h 0T 0 W05 4% 2H 4
e, FHHI Y PBS YEU A 2 YK ;1 X Binding Buffer
TR TF M E 1X10°/mL; Bt 100 pL 41 % 5 mL
A5 pL Annexin-V-FITC 1 10 pL. PLIR%]; T
FIBOCHEE 15 mins 545 A 400 L 1X Binding
Buffer, 1 h Py 3 2 40 ASOAS I 9 D' 58
1.8 HiEsaE

R 25 2R LF S H £ br v 22 38 . 38 ] SPSS
12. 0 BAF AT 23 #r

2 5 B
2.1 ZAEEBHNE

HIZ2 1 Al 5% B AR L NaF 3B 1.0 X
107" 2 5.0X 10 “mol/L i} G, /M B 40 jf 34 fin (P<<
0.05);1.0X 10 ° & 2.5X10 *mol/L B, G, /G, #
20 1 920 IS 0T A0 B B, b 2.5 X107
mol/LIAE G, /G, 1 40 g i % 98 > (P<<0. 01) . 4%
R % WY Ry v B SR SR AN G /Gy B 2D, S A

F1 FIER 48 h NAEEAH S (n=3)

Table 1

The effects of fluoride on cell cycle at 48h in cultured goat osteoblats(n=3)

41 J5) 35 43 45 / % The distribution of cell cycle/ %

NaF/(mol/L)

Go/Gi#] G, /G, phase

SH#] S phase G,/M#] G;/M phase

0 86.23+1.79
1.0X10° 87.80£3.03
1.0X10* 82.67+2.37
5.0X10°* 78.83+£6.12
1.0X10*° 80.00£3.12"
2.5X10°° 80.20£0.85""

8.80+0. 44 5.00+£1. 30
6.63+4.25 5.57+2.94
8.50+£3.57 8.80+E1.57"
11.27+5.43 9.90+1.71"
15.73+5.49 4.27+2.82
16.40+2.95" 3.40+2.11

SRR, ©* P<C0.01, * P<C0.05
Compared with the control group,* * P<C0.01, * P<C0. 05

FfL3G 2, 400 20 s 5 B (i DNAC G 80 S i m) G, M
WAk 4t A AE S

2.2 HRBATHH

2.2.1 Hoechst33342/P1 WE I, WNEHWEL
HO F1 PT S Y 4 f5 o 5300 O 1 48 i 522 5 €0 AT B
L NER R RSB 7 S A N (R G T O
e Sy JUAS I By 1A e, T IR SR 40 it A% = Y AT
R 4E R, 2. 52X 10 mol/ LA 41t 4l e 4 &, 4
P4 T T 0 0 A 2 R AR SR AR . 1.0 X 107 mol/L
FAAT 5 2 At B A A T AT AR A A M R AR B T (A
1, 1.0X10° ~5X 10" mol/L 4 ¥ A /A [] & B 5|
A BT 20 PO T IR BE . %o R 2 K 22 B4 i R Y
W E 2,

2.2.2 DNA #IEAHIK I T-H L DNA Py
PR R U)K A /MR DD EI L 180~200 bp ¥ i
BT IR B i ik DNA Byt g 0l 86 fise v 3K, 0 2
MR DNA 2 HUR A Mg . g g R R0,
A Y 48 h J5.2.5X 10 ° & 1.0 X 10°°
mol/ Lk FE T Al i L] B iy BRJE 417 55. 0 X 10 ' [
1.0X10 " mol/L J80Hk B T AT UL Wy 284 1) B 02 2% 47
1. 0X10 "mol/L M IE AW & (& 3).,

Bl RE|LOXI107 mol/L i EMM, SHAMER
EREE (48 h, X20)
Fig. 1 The majority of cells showing bright blue stai-
ning under 1. 0 X 10™* mol/L fluoride( X 20)

2.2.3 WA AR DY A O T R AR e 2
e VLT I A R A R e T T 22 2 TR
(Phosphatidylserine, PS) M\ & Py 1 4 5% 3] J& 41 i)
Bl PS M. RELRIRZOER R ICH EHER V(An-
nexin V)Jg—ff Ca® IKMIERENRES G EH . 2l 5 PS
S5 G MT RS 0 32 722 Ak 5 J8C R 200 i O T ) L S0 A
Febr o (H A T 500 4 AR 0% 40 MR o8 % L BT LAY PT 4R
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Fig. 2 The majority of osteoblasts showing even blue
staining (control,48 h, X20)

A.Marker; B.2.5x10 mol/L; C.1.0x10? mol/L;
D.5.0x10* mol/L; E.1.0x10"* mol/L; F.1.0x10° mol/L;
G. Control

B3 SESHEHARETH DNARKBIXERT
Fig. 3 Electrophoretic analysis of DNA extracted from
fluoride-induced osteoblasts

YL o TR FE 20 i B T 0 S 14 4k S M YR E 4 it ) [R]
B 8% Annexin V Hl PI AR ic . i a] ) 5109 94 T 28
JfL F0 IR BE A1

A PR T 4R L T GO A
FIEH BTS00 (&2 F X3k, Annexin 'V /PT) (R
WIPHT- 40 (4 F X 3K, Annexin V' /PI ) . 36T
i (45 F X3, Annexin V' /PIT), 1.0X10° ~
2.5X10° mol/L 1 34 Al 5 3 & 40 ML = H
Hig o 1.0 X 107 mol /L B, 5 4 1 i 9 9 12 %
Bl 3.33% 2. 92% (),
2.2.4 BHHEHRBEMWE XFRAMBEIESLE R,
AT 1N B X N 111 B 9 e < R I N g o
G ML B B SR A R A3 W /0N U T R . N

10“l 00

10! 1IO2 100 10
FL1-H

76 F X3 Ch i 40 Y ( Annexin V- /PT )45 F X KK
HWIHT-40 M (Annexin V' /P17 ) f7 E X 5 B %E
-4 Mg (Annexin V' /PIT)

E4 SFESHBHEBATH _HRSE

Fig. 4 Flow cytometric diagrams of fluoride-induced
osteoblast apoptosis by Annexin V/PI double

staining
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The percentage of osteoblast apoptosis induced
by different dosage of fluoride with FACS anal-

ysis

Fig. 5

JEM 2, 1.0 X 10° mol/L 41 # 3 45 #4 75 16 AN 1
. 1.0X 10" mol/L 21 44 {5 Jiu i 45 . M A% Wi 4, 46
A B i ik (J&1 6) . 5. 02X 10 mol /L 41 ] UL e ¢4
Jo ¥ 5 G P e, 2O A i i L ORI 22, 9 I K
1.0X10 *mol/L 21 M 4% A5 T o B B AN 58 %, W] DL
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Fig. 6 Ultrastructural features of osteoblasts, showing
nucleus shrinkage or periphery, and chromatin
condensation and marginization induced by 1. 0
X 10*mol/L fluoride( X5 000)

7 F® 1.0X10° mol/L BB MK BMEN, B
Bk FERERLE(X6000)

Fig. 7 Ultrastructural features of osteoblasts, showing
cytoplasm condensation, chromatin aggregation
and marginization under 1.0 X 107 mol/L flu-
oride (X6 000)

3 3 i
3.1 @t 4m A A B AR

0 J5 9] (Cell cycle) J& 45 40 g N — WK A7 22 4%
HEE BT — U 2 REE R fE . 400 JE 3 %
W7 A0 L P 3 SR R . PRSP SE s T A R
PT B Y 5 W0 A (7] v 8 80 %eF e o5 B 4 e 48 i &) A
KT, & B 20 pmol/L /Y 5 v] & 3 42 iF
OB 378 . A A Mg 1=, S BIF G, /M 1 41 its B4
AL vk BE R (160,240,400 pmol /L) JUJ 41 46
OB 458 . - 51& OB J 1=, fff G, /M H 41 fitd 9] 2 9
Ao AR R B 1 B A A 1.0 X100 K

2.5X10 *mol/L B}, G, /G, 4l iy />, Horpr 2.5 X
10 mol/L i G,/G, I 4 ffg & 2 9 > (P <
0.01),S W4 fin (P<<0.05) . X5 bk iRiE Y
S A BT 22 L W] BE 5 AN (W] Bl 0 ke U Y SR 4 i
X F T 32 VEAS T 56
3.2 RiESHMAT

2 O A A AR 22 T B I T 1R
5 00 BE K L BE UL A LR A DNA By i B 8 i R
VK BN WE 22 % 1R AF B 43 A (Annexin V) It & PI
% . TUNEL ¥ ,Caspase-3 i P61 , £ k7 14 5 #4 fE
RN A5 R IR T B A VA AR 22 (B R B
Tk 3% G HL 5 (R TR A8 W AT AR Al R T (H A B A
st 1A 3k R B LA A B A B B BRI JE i K A
T A s DNA 350 JE A B8 M P DK ™02 PV A 4 400 i 07
T2 B o BT 5 3 AT 28 A7 5 Wi i Tk 22 %01 A1 B0 40 i
(Annexin V)EEA P k%5 5 19 7 = 40 9 A0 46 10 Lo
TUNEL 3 R 8, HA$E e, 2 B A5 5 240 5 04
TR I AR 7 s o AR R H] B3R 2 R0 5 v AH 545
G A EEIE s AT 98 Rb B — 07 1 B AN 2 R R

WF ST R B FRAS A 455 3 1 200 e 1 34 5 L o Ak A
ARSI NIl 8 R R AR RN o )
DNA #1455 . i S 4 g =01 . i as 25 450 s ke
B A B LS T RO /0N BRUVR IS B AR Al T
DRGSR FZ R A BRI A SO K B s A AR A
BRARKKE RESSEWAV B AZmE, XI5
ISR T ROHAR S 3R 1 /N R i O T R
Wil o B SRR JE R 3 20 g/l WL S 40 290 i 0
s Gy /M 40 B0 T G /Gy 31 41 1 T B i 2
A5, AN T35 3] 21,20 %, HABFsE 1
A AT BNy e A DNA G B, DT {40
fitl DNA £ 5 0 B AL, 2R & WS T &6 KR
JH A &R ROB-1 ) DNA $i45 15 5. KW 2.0~
3.0 mmol/L #ALEN Y43 24 h n] A [a] F5 52 1 375 5 40
Mi DNA BERr 22, A 50 0 58 2], ik B & F 10 °
mol/L fff DNA A= Wr 2, 5 5 BB 4 i 08 1, Horpr
1.0X 10" mol/L U Jr 3 B W Fnme 91 W - i .
S EE = T 10° mol /L sUH 40 G, /Gy s>
S 4 B 22, 30 0 B 4 A S 4 A B DNAC S
Wim Gy /M AL A M 7E S . x5 Bk
1 3 1 AT SO B AR A5 A0 T A5 e — B0 s
JSC 2 O T R i A SRR B D S A L T 2 SR A
KOXATRE S Y Fh 2 4l i 25 A0 15 5% 56 pH S 4l
i 817 B[] S5 A O
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SR T S A AR T Hirano 200 g8 (71 WEE . XITF4 . W90, 5. G0 Ah B 96 K
TR R AN B 3R 9 UMRI06 40 i 1 5% i, 58 5 B2 B 0 1 e R (D). T R R K R
DNA 47 B s 7k B TUNEL % B35 3% 35 vie i 2004-27(D s Lo 17.
%:l 5 mmol/L H#ﬂﬁ%%éﬂiﬂ@ﬁtc Song ggf[lsjﬁfm, [ 81 FhrtE B, RErm . &5, FRBUAR SN B 3% 1L 2F
. 20 A0 A 0 A A LGS LT ] v [ M 5 o A AR
100~250 ppm W . 40 1% I3 BEAK DNA FIEE H AR
ST T e e K KA B % 5 6 A
L9 KRG 400600 T 5 90 b 5E LT 1, b B oy
20 9 T A O ST | B 3 A8 A /AR ] DNA B4 2 2 2003, 18(1) + 31 ~ 34,
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Jgd o RN, B R E SN Z B 40 pg/mL (110 XUBERk 2 A G Ak W X A A1 35 5% 3L B 22 1 20 88
NaF ] % A JF 40 i DNA 7 4= B & 19 5345 76 7 240 Y0¥ 240 ) 303 0 200 O o g o D 1. v T O
U1K 44, 00 %6 . HLBE e U]k 0 71 85 AT AR 2002, 2120 < 106106,
A0 DNA B R A [ T i #a 3 [12]  Hfhs, B, T MY, 5. 000 8R40 5 8 f 4
g e o JLJA T K H, O, \SODNO (19 5% 0 L1, Hh [l s 5 5 2%
Lau ST A 560 B0 40 M 0 T i AL EE 2 40 i Sk 2004,23(2) 108 ~112.
JE A R VR S e PR B B S R AL (131 B eI Fese. KA A5 K BSR4 & ROB 1
Nal SR VR 2h 35 7 5 0 20 O DA 2 B fos s F Al 57 B A3 DNA B 6955 BF 50 ). o By
Jun BIEE A FRIk , PO e BB 40 MG A% 14 5E A a4k, 2%k, 2002,3(3) ;191 ~194.
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