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(# ZE] BH BRI AR FE RS AR &4 (HBO) X B (4 b 2 41 il (NSCs) 43k s, 5
fEdk i HBO 697 MBI SR ER ], A3k BUH A 3 H W H4: Sprague-Dawley KB IR fz I 40 41, 76 &5
B27 .bFGF HI EGF ff§ DMEM/F12 32 5L ip 87 K5 5% NSCs. WL % 2 ~ 3 A9 NSCs B AL 70 4 A oAk BE (14 %) BE 21
(CON) F1 HBO ZbHigf , HBO AbHRZEAARTE T FHHE Sy FIAS RIS ] 4324 6 21 : NSCs 4345 T 1 4% KA K (ATA) |
2 ATA 3 ATA (] HBO ZbBE, A5 E 1 Fi4Y BI25 T 30 F160 min BiFpFaERf[a], HBO J54k8ekE3: 24 h,7 440
[ii] — B AT S e 5 e e €8, 5 W AMUEE T LS NSCs 434kl NSE FHYEZHMIM H /3%, &R NSCs 4r4k>h NSE [
P 2L 47 45 4k 2R ARG 3 B 4K YR Sl CON 41 (3. 72 + 0. 88% ), 1ATA-30 min £ (3. 85 = 0. 44% ), IATA-60 min 4}
(5.45+0.52% ) ,3ATA-30 min 41 (6. 08 + 0. 57% ) ,2ATA-30 min 41 (6. 72 +0. 76% ) , 3ATA-60 min 41 (7. 89 +
0.62% ) ,2ATA-60min(9. 17 £0. 50% ) ; [ 1ATA-30 min £ 5}, Hi4v4$ HBO 41 50 B HL 8, 2 R A H it %= X
(P <0.01) ;[f]—& 3 60 min 215 30 min 21 22 [i] 1925 5 M 2ATA-60 min 2 5 HiAt 4% 20 2 ] (4 25 S 390 4 Ge 2 7
X(P<0.01), £t 2 ATA K Jy FAERSE] ) 60 min ) HBO fiE ik NSCs [m #2703 4k AV e
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Effect of hyperbaric oxygen administered at different pressures and different expo-
sure time on differentiation of neural stem cells in vitro

CHEN Chong-Feng, YANG Yu-Jia, WANG Qing-Hong, YAO Yue, LI Meng. Department of Pediatrics, Xiangya Hospital,
Central South University, Changsha 410008, China (Yang Y-J , Email :yyjcjcp@ 163. com)

Abstract: Objective To study the effect of hyperbaric oxygen ( HBO) administered at different pressures and
different exposure time on the differentiation of neural stem cells (NSCs) in vitro. Methods The cerebral cortices from
newborn rats (0-3 days old) were sterilely collected, digested, and centrifuged. After removal of the supernatant, the cells
were re-suspended with DMEM/F12 medium containing B27, bFGF and EGF. The NSCs of 2-3 passages were randomly
divided into seven groups: a control (untreated) and 6 HBO treatment groups that NSCs were subjected to HBO treatment
of different pressures (1, 2 or 3 ATA) and different exposure time (30 or 60 minutes). The differentiated NSCs were
examined by neuron-specific enolase ( NSE) immunocytochemistry 24 hrs later. Percentage of NSE positive cells
differentiated from NSCs was assessed by fluorescent microscopy. Results  The percentage of NSE positive cells
differentiated from NSCs was the highest in the HBO 2ATA-60 min group (9.17 £0.50% ) (P <0.01), followed by the
HBO 3ATA-60min (7.89 +0.62% ), HBO 2ATA-30min (6.72 +0.76% ) , HBO 3ATA-30min (6.08 +0.57% ), HBO
1ATA-60 min (5.45 +£0.52% ), HBO 1ATA-30min (3.85 +0.44% ) and control groups (3.72 £0.88% ). In addition
to the HBO 1ATA-30 min group, the other HBO treatment groups had increased significantly percentage of NSE positive
cells compared with the control group (P <0.01). Under the same pressure, the 60 min treatment groups had increased
significantly percentage of NSE positive cells compared with the 30 min treatment groups (P <0.01). Conclusions HBO
treatment (2 ATA, 60 minutes) produces a best effect in the differentiation of NSCs into neurons.
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B AR L e S8 B i 4 il 458 493 (hypoxic-ischemic
brain damage , HIBD ) 5 il 7 18 /& FJ JL 458 095 114 foe
WIEREN RS AR BT . 85 R4 (hyperbar-
ic oxygen, HBO) JGJ7 & LA A BAIRIT ik Z
— . HBO fg W] i i LA R 4 g R BORITRI T 7 =X
o i 4R 5 1 22, I AR O S Y R I SRS BCRE ) 1
981, FA ARSI B A ESE L 7E 2 R
JE (atmosphaera absolutus, ATA) f & 1T, 2 R B+ ]
o430 ~60 min (1) HBO 4b B %7 4= K Bl HIBD fiby7
SURAE ™ S HBO A7 AT HIBD 2 I Py
2T 40 ( neural stem cells, NSCs ) f 3% 58 3431k
R 2o o (& HBO el Ff i ) FI B R
1 011 WS S B R R 2o i 00 S A Y K i 2o o = R ]
WA AE o ARSI AE A MK SRR [ e ) FAS
[F)A2 HE ]~ HBO Xf NSCs Z3E 520, 5 7E4R T
HBO 397 1Y e A e J7 St [a], S i R - HBO 7853
Az Lt S e i 1 i b B I AR A Y S
S/

1 7

1.1 #MR5FHE

.11 %%z A 3 H AR BT A Sprague-
Dawley (SD) KL, i1 R Ko7 sh Wy S g R f it
1.1.2 ## /R Nestin HiA 4 NSE Hifk f
GFAP ik, Cy3 pRicF4if 1eG, Cy3 bRl FHi/h il
IgG, FITC FRicF-Hite 1eG 0 B iU L84 7]
DMEM/F12(1: 1) 553734 Hyclone 2\ &) 77 i ; B27
A Gibco BRL 7\ & 7= i ;s bBFGF \ EGF &y Pepro Tech
EC AR b o B4 MU A b md 2= 95 AR ) TR
il

1.1.3 & WO R AEE, A A LB AR
30 cm x40 em x50 cm, M H — 1 ecm x 1 c¢cm /)
AL, —MiE B AR A L 5 — S I R SOR S , IR )2
BA A K LA CO, B 5 e B 4808 D o [ i
ARl S22 w5 701 RS Al ( YLCO. S/1A #4)
AR CY-12C T A 485 80 ) S A8, I 48,9 FE
0 ~100% , HUH AEI L AL 73 B A & T 5 I ek 5 =X
ELOHL(SEIE ICE 24w ) 5 8 B AH 22 83U 9t W
i ( HA Olympus 22 7]) o

1.2 RWHE

1.2.1 sieam B NSCs M E 6 fLAR, A
& 10% JiG 4= MIF i) DMEM/F12 85575605, 73 2
X HRZH (CON) F1 HBO b BREH , 52 3430 3 AN ]
BUHE 1 (1 ATA,2 ATA FiI 3 ATA) , &:Fh E 1 %

30 minFl 60 min P4 FjFS 0[], 2 6 41, B 1ATA-
30 min, 1ATA-60 min, 2ATA-30 min, 2ATA-60 min,
3ATA-30 minfll 3ATA-60 min 6 4, HBO J5 4k%: ks
7% 24 h,7 LYHMAE R — BRI T S e oot e, SEI
HE 8K,
1.2.2  # 4 &k NSCs 4 8 B fe 3 5
AR 3 HINIHTAE SD KB, 10% 7K & S I8 1
JIRIERALBE S, 75% LR HITH B S5 min, 43 825 1l K2 5T
A A4 0 I A PR T LA, B A%, A 0. 25% Jif i
F 37 °C R AL 15 min, 28 R34 R Tl ARL
FAYH R, 200 H G R 8,200 g #5005 min, 7 E
TEWUE , Fl DMEM/F12 ¥ 33 (4 20 pl/mL B27,
10 ng/mL bFGF, 20 ng/mL EGF) & , #:Fh 2 15 55
L, 7E37°C 5% CO, ¥EFMh i F, 3 ~4 d f i
el 1,7 d AT IR
1.2.3 HBO 432 6 L4 i1 45 T HBO b3
LW, kT O vk M 2l 4 vk e A i &=
10 L/min, 15 min; QFF £ : &5 2 ~3 L/min, Il JE
Bf 1] 24720 ~25 min; B f2 He: A2 B (] Sy 30 g%
60 min, 4345 F 1 ATA 2 ATA 3 ATA JE 1i697, 54
JEM A A 8 3 ~ 5 L/min, P B 40k B2 AR T
90% ; DPFE : &) 33 i E 20 ~25 min,
1.2.4 giwmietes A LBRIE IR, PBS
VRV 2 IR ,4% 22 B2 H g [E 52 40 min, J 0. 5% Tri-
tion X-100 £bFH 10 min,2% BSA 4b¥HE 60 min, fIIA
—PL, ACIURFEI R . ZBR—P0, IMATOEARIC I —
Pr B & E 60 min, LFR _PHi)5, il Hoechst
33258, ZEIFE 20 min,50% ZZ i iliE R, BIMEXT
HEH PBS WA —Hi. 2O BMEE Fits (ki
FHEMUER 6 NMEESME) . HE LRTE 8 Ik,
Ev NP/ W i N R 2N R U A SR L k2w i oA )
B 43% = NSE Yy 4 4 40 Y/ Hoechst 33258 4L {44
il x 100% .,
1.2.5 sSfetmpaitse SOLBMEE FIHEL Bk
F TR 6 A~E S IR, # bR 22U 53 b
ST ML A 2T A 535, 15 O ME (6 4>
A SPFAIBRLL 6) , F A 500 8 I, A 8 4
SEEME, AT U7 2555 R R, P > 0. 1, IA R U 25 5%,
A #E4T SNK-g £ 5%
1.3 SFitZEDH

K SPSS 13.0 B #EAT G 112 73 Bt , B4 LA
BB £ ARl (x =) FR, AL LB FHBENL 4341
BT BE R B &R 7 25 40 A (SNK-¢ K 5 ),
P <0.05 KW hy 22 A Geit 3 L
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T3 B AT AAiAL BT 15 72 19 NSCs,

2 Z#R 2.2 NSCs WFESTURERE

2.1 SD kR NSCs HyiEs

JECAR 5 5 14 200 J A G L 3 1) 15 37 ik b B R AR
1,48 h J5 AT LA UL 2 K 4 4 M A6 T, (H BE L 2]
2 ~3 AL R /N AT, B R e ke, B
R TR] R 38 T, A0 AT R 2,7 d A
KA 28 E A ARr ek, RERE IR AK,
TEASASHUIN , 7 1 5, JE) BRI O T 2% 1) L Ath 40 i
(B TA) o JFARTCRE R IE R TE 20% ~30% Z [,
ARG LS R TR A IR ) R kAR e b, 38
WA, T d JE TR AR ELALAR 3 W, AT L
A TR AR TEAS RN, ol s, To Rk
A, JEI I TG A S iR 2 4t (18] 1B) . NSCs 7E {45k
BARKEFR G , B LA A 25 2 i M BE SR T, i
NSCs MIFER;FR 3 p B AR K R A& 108 3R 1Y

H4 NSCs F:7h 22 & HI W] e 55 2 2R 2 B2 (0. 94 11
6 LA A, —EB R FH 2 20 pL/mL B27, 10 ng/mL
bFGF, 20 ng/mL EGF () DMEM/F12 % 3% 3 £ 5
2 h J5,47 Nestin B9 G YL A 75— A&
10% JiG 4 196 1Y) DMEM/F12 155 565 5 004k, 46 K
ZACANMIAE 24 h (N2 IWRE 5 D20 14T %) 3 G A oy
FE(EI1C) o Bl TR E] A B, Bk B 22 1Y 40
JH 20 B AT H e 7 s ok A R B 288, A I 2 A8
SR

o AL & B : NSCs FRic & [ Nestin 7545
ik ER A 2RIk (I 1D) s 76 10% JIG 2R 1L i 1Y
DMEM/F12 $55: 5955 7 d J5, A] DL R 2 0 40 i 1
Fric ¥ NSE (& 1E) Fl# 28 e 5T 20 Jf 0 4% 12 4
GFAP(E IF) £ 7 d i rh 3k, i Lk R
Ja AR IER 732 GFAP FEHH: 1) I Jo 40 e .

1 SD KR NSCs B IMETF S LR ( x100) A {5 FAH % TGS T IR 37 037 K B NSCss B - {81 4 22 5 i 5
A 4 U NSCs; C. {8 B A2 BB T K RO T 40 MU 505 W BE A4l s D2 P06 BB T R B2 T 40 Y Nestin Be (8 (Z165,
CY3) s E:JOLRAMEE T AR B2 TAMIA S5 L)5 , 7T WL NSE FAYEANMI (2060, CY3) 5 Fo 900 B AEET K B2 T S 401k

Ji , AT UL GFAP PR 4N (4¢3, FITC) |

2.3 HBO Mg NSCs ML I E XK B 3L

R A PR 9 7 AN A [F] — I IR T S B 2Ot B
0, 2517 NSE Je 4, s 4 NSCs /34E o NSE
FIPEZR MY F 2R o 45 R & B NSCs 34kl NSE [

P2 L) o3 A 2 G B R K I CON 4 (3,72 +
0.88% ) ,1ATA-30 min£f (3. 85 = 0. 44% ) , 1 ATA-
60 minZf] (5. 45 +0. 52% ), 3ATA-30 min 4] (6.08 +
0.57% ) ,2ATA-30 min ZH (6. 72 = 0. 76% ) , 3ATA-
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60 minZ (7. 89 + 0. 62% ) ,2ATA-60 min (9. 17 + 530 min
0.50% ) . 1ATA-30 min414}h, Hi4 % HBO 41 5% 12 " S
TRALILHE , 25 FATSEV 22 2 X (P <0.01) 3 il —JE ) s N
T 60 minZH 5 30 minf] Z [A] (1) 25 5 & 2ATA-60 min % 6 ab T
AEHHMSHZHEPYERIAESEITTF*E X 25; "L‘ ""l
(P <0.01) . L[ 2 FIE 3, o
CON 1ATA 2ATA 3ATA
B2 &A%k NSEAREMMAMRLE ol CON4I

He#, P <0.01;b 5[ —E 5 F 30 min 41 b 55, P <0.01;¢: 5 Hith
KA AL, P <0.01,

3 HBO Mg NSCs 53 L FIE R BF %L ( x 100)
i NSE, % 8 ( Hoechst 33258 ) 2R 41 A% , I FH %% Y6 55 i 5 W 82 HBO A [5] & 77 & JE B[] F NSCs (194316, CON 41 . 1ATA-30 min
2[{ . 1ATA-60 min 41 3ATA-30 min 4] 2ATA-30 min 41 3ATA-60 min 4] 2ATA-60 min 2] NSCs 44k %y NSE FHP: 40 I 19 43 £k 24K vk
B,

3 g

TEVRSP AT NSCs FFRUE T3 125 50 s 126 O 4F il
LA YIAEAE T 20 ) PR Qi 2 2 A T X A
G X R VR A R A X, 6 3k 2 20 2 R BTG 70 B
T AR A3 B PPN B R, TE S A 2250
J5i 3% Bz 4 K T (epidermal growth factor, EGF) "™
SR T 4 41 g A K T (basic fibroblast growth
factor, bFGF2) "*' flylf g2 b % . DR Ay I 375 1 o
S ATREAFAES T NSCs ey A K H 5, H il &
FURHIC ML 135 5 3 1557 NSCs™ o AR 2

7 LR A0 N A TR — I TSR BE SRR, 2L (CY3) FoR diff 3R 3

A 22 IR 2 A K, AT [R] IS AEAE b B R 240 i A &1
HEFEAI, EGF A FGF G2 577 NSCs fit) 53 24184
AR B ARBLH AR . B EGF fil FGF Xf 2 i
NSCs {358 A AH Y B W B R VR, 5 Bk iy A
EGF 5 FGF MiLLA W B M 27" . A1
T H EGF Ml FGF ()R yE R ik b i b A 3 H
PIRGB AR SD R U B2 J5 2H 2 1) A A9 B 240 A AR
KRR IR T, 43 B i 97 NSCs, A i iE 45
L FESTH EGF FIl FGF BTG5 85 FR B B R N
K T4, REAEIG IS 1 AR L IR IR L o3
TRVkaE" . ASSZE R S T AE SD Rk BB I Bz 5
A4 B REFE T NSCs, 3 3o 55 35 fLE /8, 784>
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VL% 35 19 NSCs HL AT AS UK 18 58 1 22 111 204 1 0
Bk, NSCs 78 41 /K - AT 5% B4 58 T L, PR 41
TR NSCs 7E £ ¥ 51 J5 2 B A 2253 24 it , NSCs
WELME s B AE S SR TP A I A N, vl LA
5 NSCs [a) HAth 40l 434k . 434k fo 4 i o] DL &
KRR ZE TG 2T I Jo 440 A 70 2 e I 4 i P 4 S
PR L E

A PRBRT I S2 5 © 4 % B HBO 497 Al 2 1k B
{AAY) NSCs [) 1 28 TG AH M 434k, {ELJZAS [R] A4 HE 7
AN [R) P RS s ) % 200 L 9 52 T 2 AN (] 7, 3K A FRAT]
TERERS Y B 283 TIESC. XIFR A4 % BH
2.0 ATA & 5°F Fa&pta 8 30 ~ 60 min [ HBO ¥4
SR R B HIBD B 97 3% e £, 24 HBO & Jj i &
B, ANMERREAZ 2E T I 45 1 H 10, B i 23 i 2 ik
Bili. AT FHES PR NSCs, EEA [F] FE 1 FA )
FEBTTE] ) HBO Ab3XT NSCs 434k Jhy #ft 45 50 41 i
(Y5, 4% H B3l A 1Y Hs ) R AR s s ], A il R
HBO 78 A )Lk 48 e i P i w14 o A 4
ARSI o FE [A]— R J1 T AN [A) A2 5[] () HBO
FF5Y 38,60 min 2% 30 min 2 NSCs 434k M #i £
JUAALY bR B s, 2 R A SR L, R
HEMAS R B 8] W] {2 2 NSCs [] #2550 240 434k 7F
AR RS R B 8] T, Bl & HBO 3697 F 7 B3 &,
NSCs 434k Sk 1t 28 0 20 B 119 Eb 6 0 Bl 2 184 i, (HL 2
ATA JE ST AL Lh 3 i, 3 ATA K JI0F, 53046y
FER R4 2 ATA R 1A B PR, N Bk g5 R 25
BAr s, 2 ATA £ 1 F G EETE 2 60 min (1)
HBO {2 it NSCs [m#f oo b /R e . X 5%
TRZhH) 52 56 14 45 SR 2 A0 — 3y, £ W HBO 377
HIBD B ffy SEAFAE— A FE 1Y [R) A, 20038 53 B, AN 2
A RER S84 1A T /R A o B, AN ERfE
PR EFRITE R ST RO A T R B, (HIR AR
Ry, 7] — FE J7 B 38 o AR Bk 1) 9 A B 38 i
HBO WJTAL, % 18 SRR S W A, Z 45 A &R
T4 M S0 S5 1Y) 22 5 % A A LK, 4541
SIS AR SRR — B, A2 AN LR R B N, %
HBO fy b P 5 hARCRR 78 2 A 7K S U] ik — 4 3
T HBO [ 57 85 W, fiff PR3 — [m) A0 19 T it 2 185
HBO 7R, FPRLr 45" R Bl i HBO J7 72 ] {2
#F HIBD 5@ KB SVZ X M NSCs f7 J2 #1400

AR SE T AN 1AL o

HBO 521 NSCs 7L i) BARPL ] H AT A+
ORI AE , BA R 5 R L A i R 5 A A A5G 15
el ] HBO Y77 I, WRLe 4 Jf DY - K A= 1284k, i

B R A AR E R B RS R AR R A
LI @TF B,

(& % X ]

Triulzi F, Parazzini C, Righini A. Patterns of damage in the ma-
ture neonatal brain[ J]. Pediatr Radiol, 2006, 36(7) :608-620.
PR R EIZE SIEREEIM]. B ERREROR TR
41,1998 .3.

XUWTE % T 5% . 15 R AR 7 A I Bl gk 4o gk o P i 452 075 2%
Peb e Z [J]. s E LR ,2001,3(4) :355-358.
Yang YJ, Wang XL, Yu XH, Wang X, Xie M, Liu CT. Hyper-
baric oxygen induces endogenous neural stem cells to proliferate
and differentiate in hypoxic-ischemic brain damage in neonatal rats
[J]. Undersea Hyperb Med,2008, 35(2): 113-129.

Reynolds BA, Weiss S. Clonal and population analyses demon-
strate that an EGF-responsive mammalian embryonic CNS precursor
is a stem cell[ J]. Dev Biol, 1996,175(1) :1-13.

Reynolds BA, Tetzlaff W, Weiss S. A multipotent EGF-responsive
striatal embryonic progenitor cell produces neurons and astrocytes
[J]. J Neurosci, 1992 ,12(11) :4565-4574.

Gensburger C, Labourdette G, Sensenbrenner M. Brain basic fi-
broblast growth factor stimulates the proliferation of rat neuronal
FEBS Lett, 1987,217(1) :1-5.

Davis AA, Temple S. A self-renewing multipotential stem cell in
embryonic rat cerebral cortex [ J]. Nature, 1994372 (6503 ) ;
263-266.

Brannen CL, Sugaya K. In vitro differentiation of multipotent hu-

precursor cells in vitro[ J].

man neural progenitors in serum-free medium [ J]. Neuroreport,
2000,11(5) :1123-1128.
Svendsen CN, Caldwel MA, Shen J, ter Borg MG, Rosser AE,

Tyers P, et al. Long-term survival of human central nervous system

[10]

progenitor cells transplanted into a rat model of Parkinsont disease
[J]. Exp Neurol, 1997,148(1) :135-146.
Vescovi AL, Reynolds BA, Fraser DD, Weiss S. bFGF regulates

the proliferative fate of unipotent (neuronal) and bipotent ( neuro-

[11]

nal/astroglial) EGF-generated CNS progenitor cells[ J]. Neuron,
1993,11(5) :951-966.

FPRLL b T, E 2 0, W BR , 2R 7. 19 iy s T RE X IR T
P[] i S2E 2R 1) 3 A A B R 4ttt i A5 i A B E LT D o
2448 LR ,2000,11(6) :464-470.

[12]

(AL A5 1))

- 372 -





