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W ZE:. B& HIMMEFIREX H0, 5% PC-12 4SRRI 1E A, HERIERNE. A% PC-12 45 %
TRAL, BEEIAL . Tempol HFIFNE 24l X RRAL PR IMAFNE 2T HyOp: ARBLAIH A 400 pmol/L H,O,; Tempol 41+
B 100 pmol/L Tempol K 400 pmol/L H,0,; #ME G241 i 400 pmol/L H,O, & 1. 5. 10, 20 umol/L #ME IE 2. CCK-8
YEISE PC-12 MRMIAEIEE, 50 PC-12 MBI, PI/Annexin-V. Hoechst Je (R4 RIAT- 2, & [H RENIEE
RAT-EARIE, R 5. 100 20 pmol/L #MF EFR 1T LU 425 PC-12 41 A MWOL B (P<0.01), AMMIf7iE Rz
FRA R, SRAARRZERAEES SRR (P<0.05), #EARZE 1. 5. 10, 20 pmol/L AL TR I B AL T BRI 4]
(P<<0.05), FFHEBHEAME REFRIREMHE N, PC-12 4IMMTAT-RIEH TR, BEEAME IR R ET 3N, %41 PC-12 41
JRLYE T2 R iR FE AR, (R BAC T4 (P<<0.05). BEEFME AR ZIMREEMIG N, X2k Bad. Bel-XL /KP4
MBS, 18 FMEIREN H,0,15'% PC-12 A0 RA R VER, HAERPLHZ M F iRt Bad 1 Bel-XL £i&
P il R R
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Protection of psoralen on PC-12 cell damage induced by H,0,

GUAN Yu-hang, HAI Jian
Tongji Hospital, Tongji University, 200065, Shanghai, China

Abstract: Objective To discuss the protective effect of psoralen on PC-12 cell damage induced by H,0,, and investigate its
mechanism. Methods PC-12 cells were divided into control model, Tempol, and psoralen groups. Cells in the control group did not
receive damage or treatments, the model group was established by 400 pmol/L H,0,-damage, Tempol group was cultured by 100
umol/L Tempol and 400 umol/L H,0,, and psoralen groups were cultured by 400 pmol/L H,O, and 1, 5, 10, and 20 umol/L psoralen.
Cell survival rates in four groups were detected by CCK-8 method, apoptosis rates were detected by PI/Annexin and Hoechst methods,
and protein expression were detected by Western blotting. Results Compared with the model group, psoralen (1, 5, 10, and 20
umol/L) could significantly improve absorbance values (P < 0.01) and cell survival rates (P < 0.05) of PC-12 cells. Apoptosis rates of
psoralen (1, 5, 10, and 20 pmol/L) groups were significantly lower than those of model group (P < 0.05). And with increase of
psoralen concentration, apoptosis rates of PC-12 cells were gradually decreased. With longer action time, the increase amplitudes of
PC-12 cells apoptosis rates among groups were similar, and obviously lower than those of model group (P < 0.05). Psoralen could
significantly up-regulate levels of p-Bad and Bcl-XL with increase of concentrations. Conclusion Psoralen has protective effect on
PC-12 cell damage induced by H,0,, which is related to up-regulation of p-Bad and Bcl-XL to inhibit the apoptosis of PC-12 cell.
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R SR REY), BAAT Tz A A
ZUHVER, WOR. RYOIE . BLdLiE. B
SEHERLAN A K oA B RS SR T 2 e
&, AVEIRREM AR P rER —EARZ 3 E
Mo ARFIHELE THMTNREAT H0, #5211 PC-12
MBI AR I, O IR e i 28 B A 2
PSR

1w

1.1 4Rp8

PC-12 40 50 A b [E R B A B2
FEBE A2 5 4 M AR ) 2E U
1.2 iRF

p-Bad'?. Bad. Bcl-XL JlJ [§ Santa Cruz 2 ) ;
B-actin M H L FH 1y KAEMRHEA PR 2 7 s DMSO 1
H Sigma A w); Hy0, M A FP) I A4 TATFR 2 w5
DMEM 157230 [ 26 [5 Gibeo /A 75 4 i 1A
F 7MD EEEARATR, A E RN A
Sigma AH], JFUE%0>99.0%; Tempol M H i
AR DRI AT IRA R, TR 50>99.0%.

1.3 48§

B BE R KBS C R RS s R A A
A BT KRS (AR AR B 2 P A IRA 7D
70T F (Mettler Toledo AH]); PCR Y. 5K
52 5 PCR XA SR A 2= (Rl ARA
)]s NanoDrop 2000 57 G TE (FEER G i
IREH A 7]); BIO-RAD bR (CCEEMIBEA
BRAFD: A AbirIER T4 (H A ASTEC); {5
BAEW R MEBL (OPTEC /A +]); MoFlo XDP it 4
U4 (Beckman Coulter R 2 7))

2 ik
2.1 H,0,i%5 PC-12 RS LN IR (AR B2 L

96 FLAR PN 4 fu A= R, AL 90% e 4
I, FERFIEIL, BN 200 pL HyO, W EES 514 100
200. 300. 400. 500 umol/L ] DMEM K575, 1%
7% 4 ho BFALIMA CCK-8 kil 8 pL, 37 CEEiF
B 2 h JE KBRS 2 453K 450 nm b O FE
(A 8, AR, A0 A R0
0 100%. AEAFIE R L0 50% 5471 (1) HyO, R
HAETE IR

MIMAFTE R =A s4/4
22 KWHeA

PC-12 4 L BUEE7, fdn fdcmik 2] 5%
10%em?, 43 g5t AL . A4, Tempol 41A14NE G

F4l. AR PRI IR A HyO,5 BRI
A 400 pmol/L H,O5; Tempol 211 I\ 100 pmol/L
Tempol 2 400 umol/L HyOy; & IEZ 4+ A 400
umol/L H,O, A 1. 5+ 10+ 20 umol/L #MEEEE. K
FRIEAE 3 R 1 7%, DMSO MK N 0.1%, A%
Wi 240 JL 5 1 o B 48 h JE 15 E WA N S 4 i P
DA, MR E AT I IR, SR 3 K.
2.3 CCK-8 EMEMMBTFEF R

Bt R . B2 . Tempol ZHAN#ME IR 22 4140
Ha sy 5) R ) 96 FLARH, I 100 pL FrifiE 7=
i, BUSEE 3 ANEAL, 3 ML ER; 4T AN
PIZiAbEE 24 h )5, RALINA CCK-8 i 8 uL,
37 CHEGHFE 2 h: K0 H 5 IR B M AR AR
H1, 450 nm AR FHBEAR G E 4 {8 & 24 /NI
SArm S, i MS Office Excel At #7145
2.4 PI/Annexin-V. Hoechst €& 604058 E T 1F R

PR | Tempol ZH AN HR 22 4111 PC-12 &
T4 (1X10%mL) 1000 r/min 2.0 5 min, Y4
4ifi, F PBS %2 K, A Binding Buffer 100 pL
F1 FITC #5721 Annexin-V (20 ug/mL) 10 pL, =%
MG 30 min, PRI PI (50 pg/mL) 5 uL, &G
W 5 min J&, JI Binding Buffer 400 pL, S7.E[!
F FACScan HEAT i A 4 oA sz A, [5]F EAAS
AnnexinV-FITC. PI [})—#&E1E X0, 15 PC-12
ML T 2

PRI . Tempol Z1FIHNE AR 25 4R RS F7 W
J&, MU 0.5 mL [ EW, [ 10 min 52 [ 2,
F PBS ¥t 2 1K, WL PBS, JE I Hoechst 33258
Pett i 0.5 mL, 444 5min, JH PBS¥E2 WK, W—
PO K E T8, 55 BG40 ) o
P, RHZOCREIEE, THE PC-12 4T3,
2.5 ZEBRENE (Western blotting) S5 NIATE
SESe

B2 . Tempol ZHFIHMT Jlg 2 AIUER R EE R A1
MIA L, ZSFUACERE S FLIN RIPA Z4## 100 uL,
VK _EFR¥ 30 min J5 250 15 min, 12000Xg, 4 C.
e RyE RIS E . 4 SXEE BRI S &
FIARAARILL 1 0 4 JRAIE T 5 min, 3 HEO
AR, HUKIFEE PVDF 5. 5% 5 0k &) 1)
1 hJa, 43548 Bel-2. Bax. Caspase-3. P53 $i14,
4 C BRI, PBSYE3 K, =i FIFE 1h,
PBS ¥t 3 Ik, ECL f2%ROGIE#T % . WS RH
B-actin.
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2.6 HitH*E
KH SPSS 18.0 B A A B w2t AT AT, vIEE
KT R R, THE R R ¢ A
3 #R
3.1 FEBRE H,0, % PC-12 HARTFE RSN
100, 200. 300, 400. 500 pumol/L H,O, 1 H T
PC-12 4lffif5, AMAEEFRARREER TR, WAk
1o 24 HyO, ¥R EH N4 400 umol/L B, 41 B A7 v %
SRR R, A Z TR AT Y
H,0, ik EiXF] 500 pmol/L i, i A7 $ KD,
ANEGRIAT L8 . S XL 45 v Y8 H e
H,0, #5'3 PC-12 A AR Y G v i B AR B2l
400 pmol/L.

£1 TRIKE H0,% PC-12 AMEEFERRFMW( x x5,
n=3)
Table 1 Effect of various concentration of H,0, on cell
survival rates of PC-12 cells ( X£s,n= 3)

33 AFRIKEAMBIEEX H,0, 53 ATH PC-12
)ik e g =g A |

5. 10, 20 umol/L #My g Z¥n LLE 4
PC-12 4N 4 {8 (P<0.01), Z0MA7EHEFRIEE
R, SERMEANKRERBASGIFFEEN (P<
0.05). FME TG I L 2] 20 pmol/L 1, Ik
S22 BN LS ) SO IR Tempol 2, WK 3.

* 3 HBEEX H,0,FS PC-12 AIFERTM
( xxs, n=3)
Table 3 Effect of psoralen on cell survival rates of PC-12
cells induced by H,0, ( X£5,n=3)

21 W /(umol-L ™) AMH TG 1%

pugist — 0.8740.04 100.0

H,0, 100 0.67+0.03 77.0
200 0.58+0.05 66.7
300 0.57+0.04 65.5
400 0.48+0.02 55.2
500 0.210.01 24.1

415 W RE/(umol-L ™" AfH TETE R %
xif e — 0.8940.04 100.0
ki) — 0.51£0.034 57.34
Tempol 100 0.900.03" 101.1°
EIN OIS 1 0.63£0.05 70.7"
5 0.71£0.05" 79.8"
10 0.81+0.04" 91.0"
20 0.850.04" 95.5"

32 AREIKE#MEREEREXT PC-12 MR EEAIR N
PC-12 Z0MI7E 1. 5. 10, 20 pumol/L #MF %
BRI T 48 h S REMS RFFRLLF I AR, R R I
BRSBTS, RN E IR 2R T
AR PC-12 MIFAEF LR, WAk 2.

£2 AEKEMBERY PC-12MREEEFIC X £5,
n=3)
Table 2 Effect of various concentration of psoralen on cell

survival rates of PC-12 cells ( X#£s,n= 3)

450 WJE/(umol- L AfE TR I%
of He — 0.91+0.04 100.0
WEHRER 1 0.89+0.05 97.8
5 0.88+0.04 96.7
10 0.92+0.05 101.1
20 0.87+0.05 95.6

AL A P<0.05; SHAAIELE: 'P<0.05 TP<0.01
AP <0.05 vs control group; ‘P <0.05 P <0.01 vs model group

3.4 FBEBEEEN PC-12 HHRaRLZSHI SN0

XA PC-12 4l M5 9% 2 h Ja R A I B A A
Bi% 48 h A, PR ToHuR RIUME s =AM TE, Ml
WRE R S, s ok R AR 2 0, il
ZICHMA T MERRZ; Tempol 4B 141 LS
55 RALARLL; A gl HL0, AbER)S, 4R
(R NP RN N5 e R N e epTvec ) IR =
MRSy 4 SR AR R A L, #ig e &
1 pmol /L A2 41 Mgl b, S&fubids b,
B R IEA SR (RS0 A BB LA,
AN HEZ 5. 104 20 pmol/L 4 55 % IRZH B4 i T A&
FHABL, PR TCAN M BRI R A 2, A K ik
Iy SCRLERE . FORAME IR ER 5~20 pmol/L X ff &4
Mo R4 VE s T4 IEER 1 pmol/L, WL 1.
3.5 #MBBEEEX PC-12 HHRE T HI SN0

KH PI/Annexin V XU 4 | Tempol 20 FI%R
NE W[50 2 Wea We 1 0V L e 7 T =
2 1. 5. 10, 20 pmol/L ZH (¥ T Z Bl AR TA
4 (P<0.05), 3F HEEA AN T 22 W BE (134, PC-12
ML TR BT R, AVEIEER 100 20 pmol/L
205 Tempol T HAHLT, 45RINE 4.
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A HEZE 5 umol-L™!

A IEZE 10 pmol-L™!

Tempol 100 pmol-L™"! A EZE 1 pmol-L™!

A IEZE 20 pmol-L ™!

1 PC-12 AR T HASEN
Fig.1 Morphological changes of PC-12 cell under microscope

K Hoechst L G MIAIALA] . Tempol 41HR1%k
TR RHMRE T AR, SRS, A 1L 5.
10 20 pmol/L #MF JIE 2, PC-12 4 14 g 1
FHE TR (P<0.05), JEBEFH M IR R EE I3
s PC-12 AMMEHIP T AR AT . AN IRER 10,
20 pmol/L 4155 Tempol 4TS AHUT B AR, 45H
H# 4.

R4 TREIREHMBIEEN PC-12 FREATFEM ( x+s, n=3)
Table 4 Effect of various concentration of psoralen on cell

apoptosis rates of PC-12 cells ( X£s,n=3)

*5 AWBIREERREERR BN PC-12 HAE TR0
( ; +S, nNn= 3)
Table 5 Effect of various actuation durations of psoralen

on cell apoptosis rates of PC-12 cells ( X£s,n=3)

sl Wﬁ/ﬁ T2 /%
(umol-L ™) 24h 48 h 72h
i) — 30.7+56 403+7.8 66.9+9.7
Tempol 100 11.84+3.7° 19.1£4.0" 21.9+4.0
= 1 21.9+2.6° 33.8%3.1" 415456
5 19.9+2.6" 258+2.1" 31.5+3.6"
10 13.9+2.8" 19.84+3.7" 21.5+5.6
20 128+1.6° 192429" 22.6+2.7

1 W/ T/ %
(umol'L™")  PI/Annexin V ¥(%¢ Hoechst Jtff
A — 42.6+2.4 459+5.1
Tempol 100 18.9+4.17 18.0+2.5"
TR 1 329429 36.4+2.7"
5 25.943.0" 262437
10 19.8+1.5" 184+1.5
20 192425 13.1+1.8

SRS L TP<0.05
*P < 0.05 vs model group
SR AR T AME IR FEE M 24.48.72 h X PC-12
MNP TR e, 2 AR B BEAE R I TR R 5
41 PC-12 48 I T2 1R 5 I B AR, R RAIK
TR (P<0.05). HAYZ]. Tempol Z1F1#ME i
2 1. 5. 10, 20 pmol/L £ 72 h JT R4 48 h 4
1.67. 1.15. 1.23. 1.22. 1.09. 1.17 f%. Tempol 2
PC-12 4 72 h T2 5 48 h (R34 In s £ 55 40w i
7 10, 20 pmol/L AL [3G s B, 45K WR 5.

R L "P<0.05
*P < 0.05 vs model group
3.6 #MBAEEREX PC-12 MR R FRIEHIF N
IMNAN R B2 b i 25 m] LR 1k Bad.
Bel-XL 7K, 1%} Bad %A 50, (HAMEIEZR 1
pmol/L XJ Bad. Bel-XL 7KV (1) 5% Wi 2 2/ T4
MEa AR EEZH, A B B IR IR )
¥hn, XHERRAL Bad. Bel-XL KT ) _F R4 s ]
2, 5 Tempol W i 1E AL WK 2. ZiRiER,
EEEa e EIRBER L Bad A1 Bel-XL ik K4
il P T
4 g
AME G SRHEANE IR Psoralea corylifolia
LTl R s, EEN) 2, WdsdimE. ot
A LR AR PUAR. BURR R MM
JEH 7y BRI E L) 50 28, FENFEHR
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T A IR AL, I ELAEAE A RHIHE
i R p——— 10 20 wmol/L Hvi B3 PC-12 4 (474

Bud S —

Bol-XL e Jﬁﬂé

T o o — ———

i) 1 5 10 20 Tempol
R 2/ (umol L)

2 HMEBEEEX PC-12 HRREE R RIZAIFNG
Fig. 2 Effect of psoralen on protein expression of PC-12 cell

. TS BBy, kR IR 3 D
HRER PRI — P EEE B AY . ITEXK,
NP 2R RS S AR R AR PR T T, TSR W]
AT IR ZO AN TLI . B AR, EE. R
BB RE I R 11 10995 55 A0 B ARS8 A A A A KA S
Mo SO AR R B, AR R 2 2 RN
PR IR St A A KR A o b
BT, 53 AN T b 23 B R — R B Ry #8
HATPrAER, Wb iRe . AhE e . S
M2, AR 224 mT LIOE L AR 3 R W I e e vk
KB HEAE P AR, EE AN IR
20 Hy0, 175 10 PC-12 41 AR 1 .

S ISR IR AR B R ) AR LA, AR
AN BR AL T PR A, AR AR Bl af R B, X
PP Er T, KR4 B I 2 0 40 i i
B, DNA I RNA 4%, & —RyIMH0,
i 0 R I R S 2 R FEAEE ST, R
H,0, AL BRAH AR AR HUX — 4%« PC-12 4l il K
BRI R 2 A PR e B Y Al e Ak, K T NGF
Ak, ZRVERKY NGF iS5, aTLK s
SHL, A AT AN ORI AR, B
28 TEHIREST o R PkIE PC-12 4 URRAE M RIFSTN 4
W, SR H0, Ab3EH) PC-12 406 A1 L
B, AR, AR B RGN, g el
MOACE R B, MR SCE . IMAFNE IR 50
umol/L Ab¥H, &It SEE SXIRAAHE, H
H,0, ) PC-12 44l A7 FRE, JHT 4%

WIZ T 1 pmol/L AN JiE 3R, I HLBEHEAEHIIN TAI)
WK, AMEIRFRAIN HO, 43 PC-12 41 i FR) fRA
PEHDB] B . SRS ANE IR R R ] HL0,
T PC-12 ARty . E— DRI 5 T bl
FA TSR 2> TG B0, IR 1 pmol/L 4k
HIREASh, 5. 104 20 pmol/L #ME I H I BE 3
B2 Bad 1 Bel-XL 7K-Fs

A IR LA R I A TP AR MR IR T

AW FEAE SRR LR IAN B IR =X H0, W51

PC-12 4t BA R AT, XA a4 T 2l

if AR IL Bad A1 Bel-XL BAEH, P A

BRI TN f TS5 2%

Sk
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