Research Papers [ iEaE iE

N Lok semmmin
. . Progress in Biochemistry and Biophysics
14 2008, 35(7): 791~800

www.pibb.ac.cn

25 B R MBS 1 B B B EBE RN 53 1L B 0 -

;'1_( ,iﬁ 1, 2 %%}ﬂﬂ. 3) ,‘éﬁ‘%iﬁ 1 F«iﬁ ST D
(OMREEER R D ESBE, #& M 350002; 2 #@ T 55 VBB D RE, 480 3500135 Yfma b BE#BIRES# R, faM 350108)

FEE  HERI AU B 40 AR TR S A A, SRR T R I B A0 MR A 24 LB SR, RRAL 2 500 A4
M, 4 VAT 5 M R A & E I A8 9T . & 2.4ATA 90 min, 2.4ATA 30 min, 1.5ATA 90 min I 1.5ATA
30 min, R—IK, L 10 K. XERAGATH A RESE. o 0lam R8T TR REVA TR 1. 24 3.4 4. 6. 8.
10 K, SR WST-1 2 ik 7 HEAT e 40 M S84 58 40 A A8 P L 0 S (LD L) 753 1 43 B Yo 0 v s 40l 400 e 1) 753 2 5%
. Sy AR 96 FLIGFRILAY, 4341 10 000 AN, 1EHIEFE 3 KRG, SUHMEIEFRE, 24 h )5, W/NRIT 455
%% 2.4ATA 90 min F1 1.5ATA 90 min [F 5 IR YT, BER—IE 19 k. RS MTIE . TRERE BRER (ALP)E P 2041 A
Von Kossa J (AT B /0BT, [RIREIR 520004 o 1R 23 SO 4N ML B S AN A s . 25 R 8o, 4E 10%/ MR Mg R 7R3k 4 1
N, AT R A R B A, TR 2% N BRI, TR IS 38 v e AU AN R S T R HEVE . R R AR
JT RGN A FLRR M A & R R AR, PR T R AR B A I i e M. 5T, RN T B T
JERL, [REFESHORE N, G PE B RREG f3 b  a, 2R Tvm RA U T R A ) K.

REER R, KA, SR, L

ZFRPES R734

AR R NCE TR AR N T ARAEAE A ROR K il 22, e H i & id i

B, ARSI 1 AR, RN K
NSRRI BE R, LA 2 0 s R4
LLIE BVE 7 0 10 H . e i 280 T S 38
T HANE TR HE R SO VG TS T2
FRCREO AT I, e R
R T DL A BERR R A1 Sl 5t LARAE . WF9EER
WY, e AT R R A, SR IR R A A R AR
g M, BEMTSEIN TS5 25 OMUFT 2B U PR B
IR E R IR 78,

FAT IR R KRR W, B AR R AT
PRI REE = E O N TP /N NS SUR o e
OB Wim AEE . Y. ALk R
T 18 PR A 25 s DR 52 1) 5% e 101, 3K L85 i 3 5
HAERRA. W TR AN AL, R
VT TR A W R L RS Ty
. R ARRIT AR T, e A e,
PSR, A R VR R PR PR PR U6 T X
7 ERYT R RN, TS AR AR T
EFE SR EIE_E3R (3R T 250, Rl 4 A 7y 1
AR FUATIR AL T 2B BE, e s S A i R N2

R RE A T R T A Dk AE A R B A
AT B RO e 22 3 B B 0 — AN
SRR TG R, B A 5% i SO0 B T 40
ARSCE AR N HGE 1Sty 7 A (KR 5 22 4 oK AR
. AHITUN H AR TS s R AN IR ok
YT N B 1) RS A ST AN AR R . E
S5 RORAT By T ik s S e 2t R TR L R
(RIHLEE, Al AR TT Ji i s SR T SR LB IS SR A

1 MEFTTE

1.1 AFESAE MRS BENES
B AN 53 BN R o R A A
KA = 24 K2 2 24 e A A IE 2 LS Bl 2 (1)

* e N LRI E 20 3 5K B 2 55 4 5 P28 1 42(2003935010), ¥
FFIWY [ 5% B 22 R0 4 e 5T P o0 35 4 (NHMRC  199925) A1 KR W
B 22 AR 1 S B 3L 4 (FRC0206-22) P B 0 H .

= HIHEE R A

Tel: 0591-83754882, E-mail: dentistjiang@sina.com

Wk H#: 2007-12-09, #2521 H#: 2008-03-02


mailto:dentistjiang@sina.com
http://www.pibb.ac.cn

«792 EYMUF EEYIIR R

Prog. Biochem. Biophys. 2008; 35 (7)

13~ 19 % [ 1E B3 N L0 (24 R, SR Y
PR R B 22 K 22 3 ) 5 4 46 BE 25 G 43 1) 4tk
VN IUR R R T v N G SV MBS G LI BLE S
()RR 0 M. BRI 40 LR 37 T3 A1 10% /0 4 1fi
1% F 5 % / VY 38 % ) DMEM (dulbecco’s
modified eagle’s medium) 5 723 41, JE T 37C .
PRI . 786 5% CO, Fl 95% 25 S I & s .
J5 0 YL DR P 3 e I R A AR R TR S R D g
PRE N LA e . AW R 40 4~ 6 U557
(%) F 4 .

1.2 SESAT

SIS R IR S A i A CE T AR A TL
(1) 52 56 FH v Hs M (KR, Fink Engineering 24
AT R AEGRYT, RER 1 IR, ARPEIGSE R 4y
A S 56 (AN [R) B SR 3L HEAT 10~ 19 K & K A
7. YRITITLATT,  SEUGARES PRSP e R AR b
2 min, FEBRM RIS, DVRIELE @ 4R
Jr it FE AR ) AR IR SRER R, fEE
T HIINE S 1.5ATA 1 24ATA KL, 1697
IS} 6 43 51 4 30 min A1 90 min PiRh. VAIT 45K,
SIS min J5 AR, REEIRILERSCE TR S
A HRFIN. [ IS T R R 4 N LA R AT, B
WS R S0 A s . IR 2SS A ik S
AR IT AR
1.3 FEHREIEE ST

T RIS R AT A 1 1L 24 3.
4. 6. 8y 10 K73l %F i 40 k47 48 i 5 56 25
M. % BIRITIERES B A0, R A RS IR T
FEALE | ml KRR 24 FLEEFRILT, REFLPIAA AN
12 2 500 A, 5 FRHEE N A MLE W EE 23 501 A 2%
FT10%PAFr. BCR 40 F 24 h 5, 455 100%1H)
g, BEATRER IR RAR YT, JREYT 10
K. mEAEBRTAILS R 4 A, 53008 2.4ATA
90 min ZH. 2.4ATA 30 min ZH. 1.5ATA 90 min ZH
F11.5 ATA 30 min 41. XJHE41E T 37C. & 5%
CO, F1 95% 7S 4 15 746 .

1 0 5 5 23 B R F WST-1 23 B3k 5 (4
Roche Applied Science A F]). 74T 7E i 4RI G
16 h 347, K 100 wl () WST-1 i F A 25
1 ml B g m R AUR YT R R SR, %
AN 37C&H 5% CO, A, 4h JGH, ff
P08 [ N 3 M AXAE 440 nm I R, AT
WS 2% 3K 660 nm. A AR AE 2R 5 H SERR 1
SN E. S ASO0) A R B S A i A

AR,
1.4 KBS LS

BCE AR IR T 96 SLKG TR 3 K, AEALY)
LHANIEA 10 000 4>, 3 KK i 4 37 HE e A 1
B ALK IR (10% /8 4= 13 1) DMEM 8597 5, &
1%H 8% / PUFRE, 50 mg/L M4, 10 mmol/L
B, 10 wmol/L HFEKHR). 24 h J5 T @
FURIT, BER LR, 319K, TR RNATT I A 2>
5k 2.4ATA 90 min 1 1.5ATA 90 min.

YT BT SRS R VIR FI (£ 1H, Sigma
ANFENATES DU AT, TS5 FI8E PBS iUt
B IR AN LS, AEREAL TP I 200 pl &
0.6 mol/L [*) HC1, 5 min J&, HUZiL HCl % i )5 1
10 pl BEARIIAE 54 300 wl (45 N AR 7 1) 96
FLREFFRILA, B s N5 #4f FH ELISA 5 5% L1k
FALAE 575 nm KR ERE 23 B E AN R Hs ) A
S T 14 s B R i s 25 ST S S OB AR

TP W PR B (ALP) W& PE 0 #r: 78 IR SR T e
PIEE 5. 9 13 RHAT, & MRIE Ui (L E,
Sigma 7 &)X PE IR F (ALP) 5 Pk BT 00 5. B
7596 ALEEFEILA, B 20 wl MIFEA I £ 200 ol
1) ALP k5, WMEFBMAWEH T 30s, 7F
405 nm [N T — % ROV, 2 min
Jo AT B8 R B S N . ALP S R 4
I PR D (T AR Ak, RITTR] —AEAR PR IR
%=,

Von Kossa 4t : 4k 45 5% Von Kossa 4t
AT BT FALEE. 96 FLAN Mk 7 L 2818 /K Uk
JE AN 5% IR, TRUE 526 T 60 min. Bl 5 7
FZEBKERTE 3K, N S%IBRACER IR AN, =il
NSCE S min J5 FRX LSRR RS SR, AR T
. B AHHL(Nikon Coolpix 4500, JEIAH )14k
AT BI% (Leitz Laborlux S A &), WACH]IF).
1.5 B RaYERERS TR M 4T

T I H AR A MRS ) e B M SR DA AL
BEPEAE FOT B A B IR R Al B R T
24 FLEEFRI, 4E4L 2 500 NI, SIS
10% F1 2% /N 2F Ifil ¥ [f) DMEM, #: % 2.4ATA
90 min. 2.4ATA 30 min. 1.5ATA 90 min I
1.5ATA 30 min [ IR YT . IR T BRI =
FE VAT i S B 15 R b LR M AR 7
I3 FH L% 1 S0 (LDH) A4 4/ 2 % 20 M1 iR 771 £ (Sigma
A, SRR RAT I R BT SR B IE BB SR
(¥ LDH. B AREFR LA IR 200 wl IFEA B3,



2008; 35 (7)

REE: SESIARIMEFHIBEAGEM LRI

*793-

5100 pl 1) LDH 73 alfi & . IR LAg i i
PE 4B HE 30 min. 30 min J5 A 30 wl 1 mol/L
(1 HCL bR, 7RI 490 nm R 43 5l Il 5 &
SRR AR ST AT IR
1.6 FitFAE

FT AT BRI BB UL xas RoR . 7 220 BTVE
(ANOVA)H T-iHAT Z B LU, ¢ K53 T4
At v FE AL AR R 2 TR AN ). 8 35 Pk 2 e K
Wl P<0.05.

2 4 R
21 10%/MFmMEFEFEEZHET, SESARTR
T BT IETE

E 10%/MNEMERFILREFE 240 )5, 44
AT R A B T ¢ 2.4ATA 90 min, 2.4ATA

30 min, 1.5ATA 90 min, 1.5ATA 30 min. X H
(a)
35000}
30 000}
25000}
3
< 20000}
=
e
= 15000}
10 000}
5000}
E— 1 2
® 25000k
20000}
5
'S 15000}
E
= 10 000F
@)
5000}
0

t/d

WST-1 7 AriZdb AT 40 B s 5E i 2 e (B 1a). i 4
WITIREE 3 R, A7 AL 40 M B0 3% T 0 B Al
(P<0.05. [, ZEmEERITESE 4R, B
1.5ATA 30 min 214, L4 3 2100 40 Mo 2o &t 5
TRAL(P < 0.05). WRITJEH 6 K, U 24ATA
30 min A1 1.5ATA 90 min P32 (1) 40 0 30 5 2 v 1)
MA(P<0.05). fla, {EIRITIEE 8 RAMH 10 K,
SEEG AR AL A SR B 2 22 . R RS
IBIT 419 (2.4ATA 90 min A1 1.5ATA 90 min), 6
I AR R ) 40 B PR B 0 V8 A 38 3 22 S (P> 0.05)
(B 1b). R 7 PEAG iy Hs S0 77 0 40 iy A= 23 M A
FH, ) 3L I S0 (LDH) 2 R 20 B3R 40 58 v s 4
TEIT RS A e . 45 IRBOR, 1E 10%FCS
R FRIELAET, BT 6T 4l AR 9T e 4 A )
LDH %A B 8, X8 776 & R VR 97 i
Ji 20 MR 1 S A R (B 1)

* %

t/d

(©)

o
o0

(=]
=)

LDH activity
[=) [=)
S

i

0 2.4A90M 1.5A90M 2.4A30M 1.5A30M Control

Fig. 1 Effect of oxygen levels and pressure on proliferation of osteoblasts cultured in 10% FCS
(a)Human osteoblasts derived from alveolar bone were cultured in 10% FCS for 24 h and subsequently treated with HBO (2.4ATA 90 min, 2.4ATA

30 min, 1.5ATA 90 min, 1.5ATA 30 min). Compared with the untreated control group, cell number was significantly increased under HBO treatment
(‘P <0.05). @: 2.4ATA 90 min; l: 2.4ATA 30 min; 0: 1.5ATA 90 min;: 1.5ATA 30 min;l: Control. (b) There was no significant effect on cell

proliferation when cultures were treated with pressure only. #—®: 2. 4ATA 90 min;m—m: [.5ATA 90 min; —

: Control. (c) Extracellular LDH

activity before and after HBO treatment was not significantly affected (P> 0.05).d: Before HBO; l: After HBO.
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Fig. 2 Effect of elevated oxygen levels and pressure on proliferation of osteoblasts cultured in 2% FCS
(a) Human osteoblasts derived from alveolar bone were cultured in 2% FCS for 24 h and subsequently treated with HBO (2.4ATA 90 min, 2.4ATA

30 min, 1.5ATA 90 min, 1.5ATA 30 min). Compared with the untreated control group, cell number was significantly decreased under HBO treatment
(*P<0.05).0: 2.4ATA 90 min; ll: 2.4ATA 30 min;[J: 1.5ATA 90 min;[: 1.5ATA 30 min; ll: Control. (b) An inhibition of cellular proliferation was

observed when cultures were treatedwith pressure alone. #—@: 2.4ATA 90 min; m—m: 1.5ATA 90 min;

—: Control. (¢) Extracellular LDH activity

before and after HBO treatment was not significantly affected (P > 0.05). @: Before HBO; l: After HBO.
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Fig. 3 Effect of HBO on osteoblast calcium deposition in osteogenetic inducing culture

(a) Osteoblasts in osteogenetic inducing medium were treated under HBO. Significant increase in calcium deposition was detected under HBO treatment
compared with the untreated control group (P < 0.05). @: 2.4ATA 90 min; l: 1.5ATA 90 min; [I: Control. (b) Significant colour different between
HBO group and control group (/: Zero control, 2:2.4ATA 90 min, 3: 1.5ATA 90 min, 4: Control). (c) Without oxygen, air pressure itself did not have
any effect on calcium deposition. No changes were noted between the treated and untreated groups (P> 0.05).[H: 2.4ATA 90 min;l: 1.5ATA 90 min;
[O: Control. * P<0.05.
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Fig. 4 Effect of the exposure to HBO on the expression of ALP in osteoblasts
Osteoblasts cultured under osteogenic conditions were treated with HBO and the extracellular ALP activity was measured at day 5, 9 and 13. Significant
increase in ALP activity was detected as a result of HBO treatment compared with the untreated control group("P < 0.01). [: 2.4ATA 90 min; M :
1.5ATA 90 min; [J: Control.
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Fig. 5 Effect of the exposure to HBO on bone nodule formation

Osteoblasts cultured under osteogenic conditions were treated with HBO and bone nodule formation was assessed by von Kossa staining at day 7 and

12. At day 7 bone nodules were only detectable in HBO-treated cultures. At day 12 bone nodules were obvious in all cultures. However, they appeared

larger in the HBO-treated cultures.
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Effect of Hyperbaric Oxygen on Proliferation
and Differentiation of Osteoblasts In vitro

WU Dong'?, WU Jian-Shan?, YAN Fu-Hua", CHEN Jiang"™
("School of Stomatology of Fujian Medical University, Fuzhou 350002, China; *Department of Stomatology, Fuzhou
No.8 Hospital, Fuzhou 350013, China; ® Department of Modern Medical, Fujian College of Traditional Chinese Medicine, Fuzhou 350108, China)

Abstract In order to investigate the effects of hyperbaric oxygen (HBO) on the proliferation and differentiation
of human osteoblasts isolated from alveolar bone under various pressure and exposure time, osteoblasts from
human alveolar bone were seeded in 24 well plates at a cell density of 2 500 cells per well. There are four
treatment groups which were 2.4ATA for 90 min, 2.4ATA for 30 min, 1.5ATA for 90 min and 1.5ATA for
30 min. Osteoblasts culture were treated one time everyday for up to 10 days in a temperature and humidity
controlled custom-made seven-litre hyperbaric unit. Control samples were incubated in a standard humidified
incubator at 37°C containing 5% CO, and 95% atmospheric air. Proliferation of osteoblasts were evaluated by
WST-1 assay before and 16 h after HBO on day 1,2,3,4,6,8,10. The cytotoxic effect of HBO on osteoblasts was
assessed by a toxicology assay kit. For differentiation study, osteoblasts were seeded in 96 well plates at a cell
density of 10 000 cells per well. After 3 days normal culture, medium was changed to osteogenic medium.
Subsequently, cultures were exposed daily to HBO of 2.4ATA for 90 min and 1.5ATA for 90 min up to 13 days.
Mineralization was evaluated by calcium deposition assay, alkaline phosphatase (ALP) activity and von Kossa
staining. To assess the effect of pressure on cell proliferation and differentiation, hyperbaric air treatment was
observed in this study. It showed that HBO treatment promotes proliferation of osteoblast in the presence of 10%
foetal calf serum (FCS). No significant change in extracellular LDH activity before and after HBO treatment. The
study of differentiation demonstrated that HBO enhanced differentiation associated with increased bone nodule
formation, calcium deposition and alkaline phosphatase activity. These result suggests that HBO treatment
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significantly stimulated osteogentic differentiation, which implies a potential application of HBO in bone tissue
engineering.

Key words hyperbaric oxygen, osteoblast, proliferation, differentiation
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