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MERZEN ARGEKLERNK BB IFNIER

B #ERAME ook
CGRMARFBEF RO E S S P8 M 215123)

WE CEXTECE KR N ER K0 P B2 408 (Human umbilical vein endothelial cell, HUVEC)Zr A%t R4, B
STEARNSEIG A, HRST AN SEI6 A 3357 y- S 2R R R, SEIR 4L T RS AT 0.5 h INANEREREE . SR CCK-8 vA:A& 4
MOAAE R, R Nn SR 4 i B o AR AR T2, AR L BRVEAS TN (MDA)KF . 53R EIR, 6.25

mgmL ™" AR BB R HUVEC 40 M 4E3% 2 6 B

B, 6.25 mg-mL ™' RREREE AT = 18 5§ HUVEC

AN IATIE R, 08 v-5F 2615 5 19 HUVEC 411 Go/M HABH I, PR HUVEC 40 123K 2RI FRE: % HUVEC

A AE S R B — e B R -

XA RSP, BUEREE, NBTERAKIILE PR AR, y-TER

hESES TL7I

AT TR 7 I 6] J] [ ) 1 A 2 ok —
PRS0, LR H AT AR B, (EI 4
USRI 2 2 BN IR, ER T A RS I A B A
PN B A B EL AT AR I B S ) e A T R E S
BL)Re,  HMAE A B A A FR B A S AR R R R 48
M, EAERSHRIT RS S g R . HE
FR SRR IS PN B A LI 22 EE RGN, E R RS RR SR
RES RIEKEEEEPREEEEM. 08N
21 L Ty R A 5 A (1) 50 R IR J PR ZE 2R 4504 S5 )
KEDER. L, X A B 40 R U 2K B 4
AR 15 it xS YU AR T 1 4 2R R S A X
HR. CAVIUES, BEE1X 525 2 Bl i
BN A RA R ER . BAA TR B 4l e ThRE AT
B R MR BIEER . BB T IE DR UE S 2 Fh
RYEREA R, B, FAmBRERH TIRREIT
Sk E e, R BT 4ERR U P R 40 e
BN ThEE, QA AR 0] DLORY LA F if i
BRBEARSZ BRI AT IR R, BT
o A S A0 T B 28 e B — e AR, B
TRE: A J%%%E Sprague-Dawley (SD)K 5 i 2H 23 ot
PR 0 LA 9 M S R, T AR R BR A 4 T 4 R Y
SR B B — s MR R T A SCRAR R
P A 6k N T # K ML PN B2 4 B (Human umbilical
vein endothelial cell, HUVEC)H4& 4 B3 EH .

S A

1 MR5EZ%
1.1 RIS SE

HUVEC J& T 1E 5 i A J5F ik i /g ) R 48
P R AR EE 8 DA A OCHL R P (R R R 24 K%
MRS G TR, XIS .. A5 10%
G2 I35 ') DMEM #5753, 37 °C. 5% CO, KA1 AI
WRPER IR RS . 2.5 ngmL T ERVE AL AL AR, 3d
PR T IR BON A A I 20 Bt AT 5%

1.2 ilFIRLE

1.2.1 X7

DMEM 4f it 5% 3% % (HyClone) .  fifi 2F I i
(HyClone) « 1 f® £k 2% 1 ¥ (PBS; HyClone), PI
(Propidium iodide, [E SIGMA A #]); Annexin
V-FITC Apoptosis Detection kit (Biouniquer, F§ &% %1
A ARA PR F]); 240 B3G5 S 40 A 2 PR A
# % (Cell counting kit-8, CCK-8, B syl RAEME
BRAF]D; REREBEE SR (E LA ER A RA
a5, PSS 12073142), MDA 7 &l 5E 44

(R R TR TA R AT,
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Coulter); GWXI80 A “Co ¥447HL: BEFRIX(Power
wave XS, BIO-TEK); f8 & 2 4{%5:(Olympus 2 ]
CK41); A (3% VCX 130BP, [
SONICS A7),

1.3 SESERAE

HUVEC 4}l 53 9%t 20 (Normal control, NC).
HEU 2H (Irradiation control, IC) LA S it BREESE IR 4H , 5K
KT I AT 0.5 h INABRIREE . 1C HANTRIRBE K
I IR y- I 2R R, OGR4 Gy, FIEFRR
0.45 Gy'min™ ', 51K/ 20 cm x 20 cm.
RS 37 FR R M R SR B o R

1.4 CCK-8 EZHNMpmEER

B 804 K W1 HUVEC 40, "WREQRST,
LM B, AN IR, BRAL 100 uL A&
RN T 96 FLAR . S8R AN A 4 ME AL, HF
DLz HFLIRE . 37 'C. 5% CO, B - FE 1% 24 h,
SIS AH M S IR IR B I TR, R R e A T
BRI . ARG 0.5h J5, MU AISRRG 4 2t
OCo y-HIHERIES, MHE 4Gy. 37 C. 5% CO, )2
WORE RS IR TP s 9% . S AAIPRES 3R 120, 24h,
48h J&, F iSRG MARFLINA 10 uL CCK-8 W& -
BIG TR R A S 2h, WEHIG AL, 24
BT AR AR VRIS ARG 52 450 nm (S HEK N
630nm) AL, ERESEK 3 K, BCFE.

YU AT 2R (%)= LI 41 OD fH 4% H 41 OD 1)
/ G IEZH OD fH—=% 14 OD fEH) x100%

1.5 SRV HUVEC BY4RRa E HA

O HORANMAEAR . 5555 y-SH RIS AT 0.5 h
IMABREREE, WSS T 12 h. 24 h 23 SV,
1000 rmin ' 5.0 5 min, PBS Peik4HMEF IR, FEX
1000 r'min~" 0> 5 min, JCEE(1x10°-5x10°) N2,
H 70% T4 R RS 21, —20 Cib [ 2. dag
BOOy, WRFEKS, TR 1000 rmin”' B0 5 min, H
PBS ¥l , WAEAIAE 1x10°—=5x10° 4>, A 500 pL
PLVRAT, SIRTBCE /N i P s ARG )

1.6  SRIVZABE{AEN HUVEC AR R T %R

O AR KA HUVECS 2 i) 55 204 il
W, LA 1x10°mL™" %5 B 40 iR T 6 fLMR P, 4R
JGET 37 C. 5% CO, S MIAIG FE B F= A TR 15 9%

4 Gy y-SHERRSTAT 0.5 h IIABREREE, HRYTIE 12h,

24'h F 48 h Y £E4HH, 1000 r-min~' B0 5 min, PBS
Vel i ps v, T4k 1000 rmin” ' 250> 5 min, Y4E
1x10°=5%10° AN, i 500 uL Annexin V Binding
Buffer =774, A 5 uL Anexin V-FITC J&%]
Ja, NN S uL MULPREPT), JRA); #h. K
2 10 min J5,  FH A M A D0 40 A 8 A5 0L, 3K
RGP 488 nm;  FHTFE ML AT R T 2,

SRR T

1.7 MDA B9

FRYTHT 0.5 h IMABRIREE, 4HMZ 4 Gy y-HF4k
FESHE 120, 24h F1 48 h 5 L4 7% ik, A4
PEEAHRE] T, FH RS VA F 20 i e B 28 ) 0
g, IS ARBUK 0.5 mL, Y82) 2 min. &
1 L A S 4 s A o o, BORE 0.1 mL T
SmL BOLET. FAREARMERLFE, FRH BCA
FENEE AW, HTIHE. R MDA & &l
S8 Wi B O B A VR e B 4 3R AN i A 751 1
B BE RS L, BERIESIEES), 95 CULE
K 40 min, HUHS KA EL, 4000 rmin', O
10 min, W HY 0.25 mL %% R NI E] 96 LA H
FABEFRACIE 530 nm AbFIWEREE(E, HEESLL 3
W BUTFAME .

W%ﬁ%%ﬁ—%ﬁ%%%ﬁx
PRUEE IR RE — 2 RO
FRUE SRS | FEAR T KRB

R

A-BEL
MDAIIIE;—

1.8  SitFAIE

AR X+ Row, ARSI s ORI 4LE 73
PR FER R T7 2000, BT SAS8.0 St
BA, p<0.05 NERAGI R

2 #R
2.1  EREA$EXT HUVEC ZRBa7E 5 XA

FREREEVE 40D 12, 24 F1 48 h J5 407
B ILE 1. 625 mgmL™" WK DL i B B85 %)
HUVEC 4ifE KIS R, (HAGREREEIREIA
#) 12.5 mg:mL ™' I, HUVEC 40 fI7ETE R & F
B o i 488 SR 3 HX T 7 A/ D e A PR A IR D
6.25 mg-mL ™" {F T T it R L 22 H 6 HUVEC 41
F e 75 HAT 4R S B4 R
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2.2 TERiEXT HUVEC 4B S iR 7 E RHSM

RIREEIMEF A 4 Gy v-S 2R IE S48 12 h, 24 h
A48 h MAFIER WL 2 Fion, 6.25 mgmL ™ Bifes

fEF 24 h f1 48 h J5, BEFE & RO G AR A7 0G5
(p<0.05),

£ 1 HRESEN HUVEC FRFIERIFMHE

Table 1 Effects of magnesium sulfate on HUVEC cell survival rate (X£Ss,n=4)

MREE /mgmL ™! fAE# Survival rate / %
Magnesium sulfate 12h 24h 48h

NC 100 100 100

1.25 101.454+0.31 104.12+0.05 102.06+0.18

25 100.23+0.22 105.214£0.14 107.01+£0.26

5.0 102.51+0.25 103.18+0.53 109.07+0.47

6.25 97.71£0.15 106.99+0.06 113.07+0.09

12.5 95.81+0.12 94.46+0.18 58.38+0.20a

i a, SIEEARALLLE, p<0.05.
Note: a, compared with NC group, p<0.05.

2 BRREEXZ “Co y-H RIS K HUVEC 40 F 72 3% 3 (KR w1 _
Table 2 Effects of magnesium sulfate on the cell survival rate of HUVEC cells irradiated by “Co y-ray (X £S, n=4)

BREREE / mgrmL ! %% Survival rate / %

Magnesium sulfate 12h 24 h 48 h
NC 100 100 100
IC 75.8140.32° 68.810.53" 62.45£0.72°
IC+6.25 76.23+0.42° 79.8120.12% 84.8120.65%

VE: a, 5N IRALEEE, p<0.05; b, 5HEST IR LS, p

<0.05,

Note: a, compared with NC, p<0.05; b, compared with IC group, p<0.05.

23 EEgHER y-514515 S HUVEC 40A B HARE 5
Al

HIEH XA, HUVEC 0I7E y-5 221
WiE, 2 GyM HIBHR, Wk 3 fon. BEREEIEM
24 h I, 408 GyM BAFE S A BT (p<0.05), 24 h
I RRSS 15 10 Goy/M B LA R (31.15+4.35) % F% 22
(20.22+1.42)%.

24  WRER$ENTERSYE HUVEC AR T-RYSZN

4 Gy y-STER IS5, H Annexin_ v/PI XUGi2AS
MERR B HUVEC M0 TS, 4Rk 4
FIE 1 fR. BSHE 12h, 24 h f148h, G4

R T 2R o R S A A RIRR EE A B o
24 h A1 48 h I 40 I T 23R 2028 2 3 (p<0.05); &
6.25 mg-mL ™" TRERBEVEH] 24 h Jim 20 Mo 3 T 2 450 1
Ay, H/EH 48 h 545 R BRI IR AL H#E 4
HUVEC 240 i 2342 24 h A A%

2.5 Xt HUVEC KBRS /a4ap$ MDA B
E}un

HUVEC 4Hjii4: 4 Gy y-$H £k B 5} 5, MDA &
FEN A R A] 2558 T R(p<0.05), 1 5 . @m@az
BEEH G, FRIKT 418 MDA KIS &

R3 REENE “Coy-SHRRH K HUVEC 401 A #H5m

Table 3 Effects of magnesium sulfate on the cell cycle status of HUVEC cells irradiated by Co y-rays (X£s,n=3)
Pa:h 12h 24h

Groups (Gy/Gy) /% S/ % (GM) /% (Gy/Gy) /% S/ % (GM) /%

NC 45.32+1.40 35.69+0.30 18.99+1.06 57.89+0.59 30.30+3.94 11.81£3.85

IC 24.70+1.65% 48.14+0.60" 27.16+1.06° 40.86+5.00° 27.99+2.34 31.1544.35%
IC+6.25mg'mL ™" 27.20+2.24° 47.32+2.16° 25.48+3.65% 51.90+1.77% 27.88+0.79 20.22+1.42 %

VE: a, SLIOxTRRALLLEL, p<0.05; b, 5 G 6 R 4 L%, p<0.05.,
Note: a, compared with NC, p<0.05; b, compared with IC group, p<0.05.
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F4 HBENE “Co y-HR RS K HUVEC 40 T3 (K50
Table 4 Effect of Magnesium sulfate on the apoptosis of HUVEC cells irradiated by *°Co y-rays

(X£5S,n=3,%)

4341 Groups 12h 24h 48 h
NC 2.78+0.19 3.59+0.71 5.24+0.21
IC 4.20+1.35 7.64+0.73% 10.27+1.02%
IC+6.25 / mgmL™ 4.74+0.46° 20.95+ 1.95% 17.44+ 2.63%
VE: a, 5N IBA L, p<0.05; b, SHREIX R LLEL, p<0.05.
Note: a, compared with NC group, p<0.05; b, compared with IC group, p<0.05.
3 - = 3 &
0 FLl NC,12h | L2 Y NC,24h| M3 YPe Neasn| g
10% 102 100
&~ 00 EIOI; 5101‘,
103 e 1 10°F 73 M4 T B4
,,,71.0;)‘ : l/b‘ .,..1.02 e 1“03 .100 ek .1“()41 “‘1(‘)2 i -103 " ;,1.60,L:LML1101 'lbz L ‘,,LVI‘OJ
Annexin V Annexin V Annexin V

Quad gated / %: L1 0.06, L2 0.06,
L397.18,L4 2.70

Quad gated / %: M1 0.02, M2 0.04,
M3 96.51, M4 3.43

10% FB1 1C, 241
CNLoIC2h | 2 -
102 10
& 10 10
0'? 100'.
0% Ns N4 B3 B4
10 e e 00100 10t 108
Annexin V Annexin V

Quad gated / % : N1 0.02, N2 0.03,
N3 95.95, N4 4.36

10% a
(IC+6.25 mg'mL")
[ 12h

P1 P2

102

& 10

10°7p3 P4

- “v.rrr‘ 11
10! 10? 10°

Annexin V

Hv]'()ﬂ :

Quad gated / %: P1 0.05, P2 0.01,
P3 95.30, P4 4.64

&1

—
A

Quad gated / % : B1 0.02, B2 0.02,
B3 93.14, B4 6.82

10°¢ " -1

F(1C+6.25 mg-mL")

F 24h
ok L2
10':
10713 L4

P Krtvet P e PRI
10° 10! 10? 10
Annexin V

Quad gated / %: L1 0.05, L2 0.07,
L3 80.53, L4 19.35

—
=%}

Quad gated / %: B1 0.01, B2 0.00,
B3 94.83, B4 5.61

10°F
FLL  IC,48h
L2

10

10"

100}

FL3 ;L4

il STV i

10° 10! 10? 10
Annexin V

Quad gated / % : L1 0.00, L2 0.05,

L3 89.20, L4 10.75

10°F mL-!
(IC+6.25 mg-mL
£ 48h
102 N1 N2
0
10°F N3
3 B T
e 100 110
Annexin V

Quad gated / % : N1 0.02, N2 0.06,

N3 81.98,N4 17.94

i B BE T -60 y-S 28 HEST 5121 HUVEC 20 T i s i

Fig.1 Effects of magnesium sulfate on the apoptosis of HUVEC cells irradiated by ®’Co y-rays

5 WRENE “Cov-STERA K HUVEC N MDA IREERIZW

Table 5 Effects of magnesium sulfate on the MDA concentration of HUVEC cells irradiated by “Co y-rays
(X +£5,n=3, nmol'mg™)

434 Groups 12h 24h 48 h
NC 15.86% 0.56 17.27£1.50 16.51+0.82
IC 35.28+3.14° 39.32+1.84° 49.15+1.31°

IC+6.25mg-mL ™" 30.35+1.03%

27.73+ 1.79%®

39.15+ 1.49%

E: a, 5IXIRA R, p<0.05;b, SREGHREA L, p<0.05.
Note: a, compared with NC group, p<0.05; b, compared with IC group, p<0.05.
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3 e

A8 P R A0 e B AR A A R e R ST
AR AR EEEH, RS S B A N E
ARG, R ETFS A0 I P B 4 A A JE A B
PE T2 BRI 2 2 B [ R B D R

EUTRE IR S YT DNA 405, i ) L
WAEE, i B A R B, HEN
41 B A 3IRE T, N DNA #5518 S 5L 78 2 i [a],
DAYk 2 5 S 407 4 i S50 %) 24 90 R 3 B SRR A 452 4%
BEANTFAA AR, XTI P R Rk, MAT
Gy H 20 i EL AT e o A S BB M, I P 2 4
SRS, AT DA S 0 B X e 2 e A AR B
RIBE GyM HIBE#S . BB Re A SR
Gy/M HATH S, BT RERE S I 4155 R A M 445 . e
T P R 24 ) TR T e I A S A R D e 2
oy B, AN R R N R g R e B
PMESTRE ST, A0 HOKS 5 B8 T FE T Ris bR Sz
. 4 6.25mgmL ™ BiFEE(E IS, HUVEC 44
O PR T SR Ll R B A BN, AR R R B A
TAEH

LA PR 52 200 PR P e S 40347 5 ] R AL 2R P 6 1
NEEERYIM O, RN i K DhRebtg AL &l
DA R38R A8 1 oy 0, AR A LR LA B4
WAL IR A S R S EOE AR A
B A P9 B A SRS R gp A
MDA & EEFT SOD ¥ 77 AJ [8) 42 s e P 57 24t o A 5 45
PEIFERE . 42 2RSS 5 2=k Z R H 2L
Re Yo AN AN G D7 IR = AR g o E A P2, X
PR VAR 2274 MDA. 45T 6.25mg'mL ™ Wil
BEAL TR 5 AT 52 PR HUVEC 40 2 MDA FI& &,
iX 5 I A2 5 25 SR A

Maier SV FeBEHE = 5 4 B2 40 i ) g P i s
RIVEE T BA RN RFIRBIER S, R R
B B F B = AT LBE Y R 4 B s Ak, B 3SR B 4 7
A4 po R F- R G . [FJFE, Suzuki-Kakisaka
AU e R SR R REIESE TR T8 = SRR
A ORHR, Y ST B 0T AR 1k sege e e,
AR A AT AR ST G0 PR 405 1 T 1 B,

BRE T2 2 RO R I Bh R, 2 5 PR
ATP KM TaWiAQW . ALY () & ) &5 2 B Ak
TGS, FIRES TR, 414
HUVEC #8312 5 R B 2STERR, Xn]

e Ry HUVEC 4Rl JR A, (ERTIR BB 11
R a DB A ik — 2B 0T
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Protective effects of MgSO4 on the

human umbilical vein endothelial cell injury induced by radiation

FENG Shicheng CUI Fengmei

TU Yu

(School of Radiation Medicine and Protection, Medical College of Soochow University, Suzhou 215123, China)

ABSTRACT

The human umbilical vein endothelial cells (HUVEC) under exponential growth phase were divided

into three categories: normal group, irradiation group, and experimental group, where the irradiation group was only

treated with y-ray, and the experimental group was incubated with MgSO, 0.5 h before being treated with y-ray. Then

the HUVEC was collected at the corresponding time to be researched. The CCK-8 method was adopted to detect the

cells’ survival rate, the flow cytometry was used to measure the cells’ distribution cycle and apoptosis rate, and the

thiobarbituric acid (TBA) method was employed to test the level of malondialdehyde (MDA) included in HUVEC.

The experimental results show that the MgSO, with concentration below 6.25 mg'mL 'was non-toxic to HUVEC.

However, the MgSO, with concentration of 6.25 mg'mL 'can not only improve the survival rate of the HUVEC

treated with y-ray, but also alleviate the cells’ Go/M arrest cycle and reduce the cells’ apoptosis rate. Therefore, the

MgSO, has certain protective effect on the HUVEC with radiation injury.

KEYWORDS Radiation protection, Magnesium sulfate, Human umbilical vein endothelial cell(HUVEC), y-rays

CLC TL71

020204-6



