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Effects of clearance of superoxide anion by catechin on the expression of NO and
eNOS and apoptosis in endothelial progenitor cells induced by angiotensin II

WU Li-Yuan, DANG Xi-Qiang, HE Xiao-Jie, YI Zhu-Wen. Department of Pediatrics, Second Xiangya Hospital, Central
South University ,Changsha 410011, China (He X-J, Email; hexj7150@ 163. com)

Abstract: Objective To evaluate the effect of clearance of superoxide anion ( 0,” ) by catechin on the expression of
nitrogen monoxidum (NO) and endothelial nitricoxide synthase ( eNOS) and apoptosis in endothelial progenitor cells
(EPCs) induced by angiotensin 1T ( Ang IT). Methods The marrow endothelial progenitor cells of Sprague-Dawley rats
were isolated and assigned to control (no treatment), Ang II treatment and Ang Il + catechin treatment groups. After 48
hrs of culture, the concentration of O, in the supernate was measured by the NBT method, and NO concentration in the
supernate was measured by the nitrate reductase method; the apoptosis rate of EPCs was detected by the TUNEL method;
the mRNA expression of eNOS was detected by RT-PCR; the protein expression of eNOS was detected by Western blot
analysis. Results Ang II of 10 ~® mol/L was determined as the suitable concentration for cell induction by the MTT test.
Catechin of 400 mg/I. was determined as an advisable intervention dosage. The apoptosis rate of EPCs in the control, the
Ang II and the Ang II + catechin treatment groups were 24.8 +1.2%0, 541.8 +7.7%¢ and 168.7 +3.5%o, respectively,
and there were significant differences among the three groups (P <0.01). The O, concentration in the Ang IT and the
Ang II + catechin treatment groups (81.7 £3. 6 and 62.3 +2. 2 U/L respectively) was significantly higher than that in
the control group (33.7 £2.8 U/L) (P <0.01). An increased NO concentration was also found in the Ang IT (189. 8 +
9.0 wmol/L) and the Ang II + catechin treatment groups (276.4 +10.1 wmol/L) compared with that in the control group
(105.8 £9.8 umol/L) (P <0.01). There were significant differences in the concentrations of O,” and NO between the
Ang IT and the Ang II + catechin treatment groups (P < 0.05). The mRNA (P <0.05) and protein expression
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(P <0.01) of eNOS in the Ang IT and the Ang II + catechin treatment groups increased significantly compared with those

in the control group. The Ang II + catechin treatment group showed increased eNOS protein expression compared with the

Ang IT group (P <0.05). Conclusions Ang II may induce the generation of O," ,

inactivate NO and increase gene and

protein expression of eNOS in EPCs. Catechin might decrease the apoptosis of EPCs through the effective clearance of O,

and the reduction of NO inactivation and of eNOS protein uncoupling.
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FARGT B L, 25 1 B A R
T Y BFFE R W AL LI RE S| 2 EPCs Ay £t i /b
FIIRENS o BAR EPCs fETEHT AL RS, (H 2
21200 T %) S AR R R A R A I 3% M 4 ( reac-
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FR- 2 Hii Ky abcam 723 %) 7 fit, PE FRic (9 2 47T Bl
CD34 Hi{& & Santa Cruz Biotechnology 2\ &) 7= i,
FITC Frid i St il CD31 HifAok B Serotec 24w, %
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% 1 mL(0.5 mL/100 g) BRI BT B UL, 75 % 2. B
121130 ~ 60 min, B B IR E, HIBR LA H A,
M199 A 15 77 5 vl Vb B R Vs o B A ol R LA
L THE BN % 4 Histopaque-1083 # JC & 0
PR PRI AR (B] W M7 T, =76 T 2 000 r/min 2
0 20 min JGHCH H RIS 4HHE)Z . M199 JEA B 57 0
&L ,800 r/min, PR 2 K. RIRGEEE, 704 E
R M199 £ R R R T B R AN I (2 ~3)
x10° R BRI R R, 2 ~3 d IR LALERF R
KRS . 0. 25% BREE M BRI AT 1k AL 1R
vWF .CD133 J% VEGFR-2 ¥JPH % )y EPCs, EPCs
MR Z M, RZEIS AR BT . 2% G0
e 0 T 200 66 9 4 8 A0 i S R 98 % L)
IR, HART I EPCs e 45 RS L
SCHRL6]
1.4 MAE(EFMIELL %N E R EE

g Ang [T 5 LA ZE X EPCs 7736 R A5,
KAl (1 x10° cells/well) 71T 96 FLEG M H,
BALIN 100 pL 857 B R FRAA L. AR
Ja TR (6 FL ) BEFLINA 100 wL £3589 ; Ang I
I 5 A ) e B [ AR 4 A ) e 32 (107°, 1077,
107°,107°,10™* mol/L) 43 4H, & 4H 6 FL] Ang 11
100 WLEEFRIE LS R (20 6 fL ) A& A [k
B (100,200,400,600,800 mg/L) JLAS 2 55 F
100 pL B E5 3240 1 3% 48 h, & R B Fpi e fLm A
MTT 10 pL 557 4 h, 5L FR W, LA DMSO
150 WL PR3 0850, (5 45 5 78 70 Vs fife , TIOR3 A5 )
CAE 570 nm A2 A LIRS BEEL, DS B0 4 55 %) R
B E 3 ARG AR A 05 #E
Ang T 5 LA R WL G , BUG AR KRG 35 A K il 5 L ER
JZANH, 37 25 55 3R W, B R 3k 2% i (PBS) ¥k
2 ~ 3 U, MR A i B IR, i S 0 SR A b R
Ang M 5L FEH . LR EHERTEIMAILE R
TUIE 24 h, PS5 BRE G 1) Ang T 215 5% 24 h,
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O, W72 K NBT i Jir ik (I G008 1 i ot i
EYTREARAF) , AR HE(HE, Sigma) 7]
BEANBLPY O, Ak iRk Z45E Kk 4n 858 6 (EB)
TSR 40 i N EB -3 2 s B, AT AR X
FERANEAN O W, BLCURAEANAE, PBS ¥k 2 K, 8T
fif KR SRR T A, N HE 294k 58 10 mmol/ L, 37°C ik
JEIEE 30 min, YL =X 40 AR, % O 488 nm,
650 nm P& ULEET o SR BRI BB I AE NO
RS B R s A ) AR AT B m) ) 000 2 240
Bs3iirp NO?™/NO™ ™ & LAl s e NO e
1.6 Rim#FHBENSH dUTP R 0K iktRiI2 %
(TUNEL) 2 EPCs JFT-%

WS TR, U A, PR [ 7, 0. 1% TritonX-
100 R, 0. 4% 8 & H B 37°C I 46 30 min, 204
NIV 40 L, W 37°C, 1 b, finsa v i iR B pro
AR 40 pL, W& rp 37°C 30 min, PUPR A HE/ TR
G108 R (NBT/ BCIP) #9625 ~ 10 min, L) I
HABRIAILL PBS pk 2 ~3 IR, BHR 3 ~5 min, SR H
hE A, SCR A RAE I TSR TR % (AT) T
AR Y 1 000 A2 i R T A A, T
A AL(%o) = (JT-41L/1 000) x 1 000%0,
1.7 RT-PCR #ill EPCs i1 eNOS-mRNA %%

WCAR 4, Trizol YA FEIUAL RNA, S 403t BE
THAERf LR BE AN 4B, T RNA 1) A260/A280
BIAE 118 ~210 Z [u], B AR PR f UK 21T RNA 5848
PEME , WSS 8 cDNA, 5147 5. 0 F1 Oligo 6. 0
AT PCR MG 1. S519F5 T : ON
% B8 B-actin: [ JiF 51 ¥ 5'-GTTGGGCGCCCCAG-
GCACCA-3", F 5| ¥ 5'-CTTCCTTAATGTCACG-
CACGAT-3, 5| H P HI K 2l 545 bp; eNOS: I-ijf
2147 5'-CGACATTGAGATCAAAGGACTG-3', R if#5|
¥ 5'-AATGTGAGTCCGAAAATGTCCT-3', 5| H ¥ 51
KR 400 bp (B4 TAY) TREARA G ) .
37°C [ 5% 50 min J5 95°C 754 5 min, PCR §735 K
25 pL iR R, Hd & 2.5 pb RS ),2 ~ 3
TU Taq /i ,0. 6 pmol/L AA FRiF5 45 1 pl, &
1E 95C7ZME S min, SR )5 #E47 30 MERH:94°C A,
45 55 55°CiB & ,45 s; 72 CHEK 45 s f% )5 72°C 4
i1 10 min BT 4CIAE, 1. 5% BYTEREHEE IS HL Ik
FEUE A 254 nm ZRAMTN WAL HE TR S5 SR I 4605 5 X &
F T, DL eNOS 5 N2 8 B-actin Z54H7 IKEE L
{HAE eNOS mRNA AR S A
1.8 FEHREBHH

£ A A 22 4 S A VR AL A I 0 R R BEE

FARAIL 30 g 8 A AL FE SDS-PAGE %I I
VK, ES R E Ry 12% , MR AR e N 5% o H VK 45
Ja U S TV P L AR I 2 NC IR, HL RIS
J5 ,NC & T 5% BSA/PBS-Tween 0. 1% 4°C 3%
FeJa i B eNOS g7 (1: 200 #i ) St A4k
figbric i F Bt s 0 (1:2 000 i &) , Bk 34 7
PBS-Tween 0. 1% 3853 Uik A BRI A 7Y 5544
BULZE RO A R B K (ECL) , 76 1% % kAT
RICHIR . S5 IZ AT F B A9 ( Stripping buffer )
S, LIARLR 7 R0 N 2 1] B-actin 5571 .
1.9 SFitEHHAE

K SPSS 11. 0 S it 3R - i 47 et 24 Ab B
A ORI Y R IR £ bRl 25 (& £5) FROR, B
[i] -390 S 250 R P AT IR 25 40 I iff AT g i Ab B, 241
GRHE) R4 A~ B fUFORMA] LU, 7 2557, R
JHl One-Way ANOVA 43 #7 ; 2 [ W5 P L 358 R F LSD
22, T AT, R Tamhane 5387, XA A G # #
()75 552K FH Pearson A OG0, P <0.05 2 2254
R
2 F#R
2.1 Angll 5)L# &% EPCs AR SIER

MTT 3465 AT UL, 10 ~° mol/L Ang Il %55 EPCs
48 h J5 , AL A7i% 500 (86. 90 £0.04) % , 55 %) fRZH
ML, 227 A AR H B F (P <0.01), 10~ mol/L Al
10 ~* moL/L ¢ Ji 41 41 M 7735 2R 5 4 RE 2 A HE 22 57
TG M BN Ang T ¥k % 10~ mol/L A1 10~
mol/L, JUI| 41 it £7 1% % F¢ % (60. 90 £ 0. 11)% A
(43.90 £0.06) % , SXt HEAHAAM L, 22 3 H B # B &
PE(P<0.01), 100,200,400 mg/L JLAZ 1
EPCs 48 h J&5 , 4l ML A7 175 843 51 4 (99. 23 £0.05) ,
(98.41 +0.11),(95.90 +0.04) % , 5% UL L,
KT EVE(P >0.05) ;600 mg/L JLZE £ I 41 g
PRGN (81.57 £0.25) % , SXf LML, 2574
R B EME (P <0.01), A28 3 10 ™° mol/L
Ang 1 5256 40 i 5 S MR EE, 400 mg/L LR 2 N 5
BT . ASFREE A Ang I1 FUAS [A]50) 52 (4 JLAS
F X EPCs 4L s /E A ILIEN 1 ~2,
2.2 LIWKREHEPCs ATERILE

B R AT UL, U8 T 20 A A B G R € A AR
o, IEF A0 MO MAZ B e i (. SR, X R4 Ang
1121 )% Angll + JLASZ AL JH T8 5 51 Ry (24. 8 =
1.2) (541.8 +7.7) ((168.7 +3.5) %0, =4l 0] 225
AR BEPE(P <0.01, n=6) , WAl 3,
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100 0.7972 £0.0213,Ang IT 2 1. 1862 +0. 0207, Ang Il
~ 80f + JLASE Y1 1. 2458 £0. 0321, 5XF HAAH EL , Ang 1T
% oof A Ang T + JLZE E 41 eNOS mRNA 40 g 3% =5
% Wl (P <0.05, n=6) ;i Ang Il + JLEHILER T Ang
= 4L H 5 22 ] 22506 W 4 (P 4) o
0 1 1 1 1 ) 1 2 3 M
10 105 105 107  10° molL
Ang IT % (mol/L) 200 bp
. 300 bp
3 -actin 400 bp
E1 Angll 3 EPCs fIZAR S 1A NOS 500 bp
100 ‘—0\\‘
~ 80}
§6O B4 Sk %Z 4 EPCs eNOS mRNA (n=6) 1%
th— [ Ang T4 2 MXTHRAL; 3 4 Angll + LR RA
& 40t
£l 2.5 LIGHRELH EPCs eNOS EHFRIELLE
! g R Ang 11 41(0.7768 +0.0956) , Ang 11 +
% 00 200 400 600 me/L
e # JLAEZE41(0.9689 +0. 1211) eNOS %5 [ 3 15 5 % I
JLZE Z 5  (mg/1) s \
» LRt EPCs KA 21(0.3902 +0. 1097 ) KTt B £ 0, 2% A AW B
B2 LRI EPCs RIBIER SPE(P <0.01, n=6); Ang Il + JLEEZ 4] eNOS
0 P16 5 Ang I LA L, 2 5747 8 %45 (P <0.05,
O %R n=6), K5,
500
s 400 W Angll 41
X
B 300 o Angll+
é 200 IUARA
100
0
B 5 358K &K42H EPCs eNOS Weatern blot 3% %
B3 KIKREEEPCs AT RIEE a5, (n=6) 1 MXIMR4; 2 H Angll4l; 3 W Angll + LS R4,
P<0.01; b: 5 Ang Il 4%, P <0.01
3 iFig

2.3 KR EPCs #2535 £ O, 5 NO ki

SEHR Ang T 5 Ang I + JLAS R A 40 By 5%
S 0 NO xR AL vk B B B3, 25 oA AR
WREM(P<0.01), Angll + JLAESR4A] 0, WK
55 Ang T2 B, AT B B R AIK (P < 0. 05) , 1fif NO
W FEA W] 3w (P <0.05) , L& 1,

F1 EWHKEAEPCs #£35 FEh 07 Fl NO [k

Ett@ (x+s,n=6)
20 5] 0,7 (U/L) NO( wmol/L)
X HRAL 33.7+2.8 105.8 9.8
Ang 1 41 81.7 +3.6° 189.8 +9.0°
Angll + JLEZEAH 62.3 £2.2%" 276.4 +10.1%"

a: SRR, P <0.015 b: 5 Ang T #AHLL, P <0.05

2.4 FTIHFK&EH EPCs eNOS mRNA RikHItL %
RT-PCR 455 7R, eNOS/B-actin HLAE X BEZH Ky

P25 G LTS /N LR R GEH WL 5 2 A
B /INVE TR B AT R R S R RN R Z —, FF
S 110 B /NI [8] ST 5 ] 0 T o A A, HR AR
PRBR AL H AT AR o B R 2 B A A
MBS S E , i B IERUILAE D RE -5 %0 H I R
B S RS R A G PR 3 DR R B,
B LB 20 LA PN B 20 3 475, B0 At A 8 Dk
A S B /INE TR UK AR S B A B R,
AR /N T L 20 ML 2 B LR B /N [ o
A NG BRI 1) G AR e . EPCs 1) 400 A ) RE A2 1M
OB R E EAE o SR R A EPCs B
WD R D HL ] b AN R, S LI T 1) EPCs
P T i RS S D RE T AEAIL I o I PR A
RENINEE AR ECY AN - e e e ¢ 5 e
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B I MAEBAG AFESCHEIE A, O = A RT Ang 1D 41, B LK 2K AT RE 208 1 A 0K BR

R 00 S8 5 e ML AR PR S50 L JU LS 55 5% 1)
Fi2EM . NADPH 48 (kA P4 2 40 0,7 A 3 2ok
PR MG AT y AngIl 34095 ) Manishit 250 BF 5%
KIN, Ang 11 403 EPCs J5 H A AN 3K F- T &, 40
MusEE . AWt &M, Ang 11 £b 3 EPCs )5, 7]
TE O, B 5 EPCs P T3 in, HH EPCs 7
Ang TR , ] 2= A i 3 PR AL A el 26T 1
HE EPCs S T340,

eNOS JZ4H I L K PASO i J5 B AE il , AT 41k 2
Z SR TP A NADPH %130 2% M. 41 22 Gl 3L 114
HLF56H . eNOS fY 4 2 U S0 AE 1) WEE P8 3 30 1 426 1l
SLESE, DK B T B LR 2R 1 I 2 AT
77 NO, S/ LoKG 2 R 5 BH4 B, eNOS 2577 A=
0, #l H,0,, Ik E PR A eNOS fifik "> . eNOS
£ EPCs 3 i 5 U)RE IR h R #5452 CEHEZEME
Flo Thum 255 fF5% & B, eNOS fi# (B 123 A% EPCs
FIECE SOERSRE T, AN AT RES NO A=W ) BE R
B eNOS ByHi 2 BH, K TFREA L. LM A
B, Ang 11 2] eNOS FEH 53K (1 K NO %5 0) I 2 (B
WA S IR A RAFAE T G . H R R Af
feEl T Ang 1L AT 5745 KiE 0,7, 1 O, 7] 5
NO %55 4 B, ONOO ™ i NO 9, 33 NO ¥k B [
1, NO ¥ B2 ARG T 300 38 40 it ™= NO (1) eNOS ik
1 AR R NO i — 2535 BR 0,7 o I, Ang 11
4 eNOS JE[H 58 11 .NO Hy#xd B 20 5 35 00w, 3¢
B b AT e —Fh 67 Sy A LR N, X 5 Sarr
O Y A R — B, [ UL, Ang 1T AT LA
FE eNOS JEH 5 HE AR AN .

ISR L ETCRE , e — P B B RIRPUAALHA],
SEEGRBLAS R X 0,7 -OH [ H JE 193 bR R 1k 3
98% LA I, 5 B R R BAE 107 ~ 107 B g, X
i = A R 4R A SRR B IE BRI I T4 A R
E fi4itE £ C, HAT BRIFPT AL o ABF5E
RIL400 mg/L LS EA LM IER, 55T
BEAE S mF ST AT e T 400 mg/L JLZE R A
R TN AR TLIREE R AT LUAE W, LR R
2H 0,7 WeFE I AR T Ang 1T 25, NO ¥ B2 0| B 5 &5 F
Ang IT 2, i B LA 2 Al o A ROE BR 0,7, FEAIK
0, 5 NO 56 LR 580, /> NO 123k, #Ei
RIL, JLZE 24 eNOS JEH Fk B T Ang 11 41,8
2R ICBEE, R ILE LI A AE LR eNOS £ [H
555 Ang WAL, LA RAE A A E E &,
AI BB T NO ZS 36 B AIG M A eNOS 857 11 114 A 3 1K
WD EG SEER R, JLAS R 4L EPCs (18 TR B i

0, gL NO YR (AR eNOS 3 F A (15K, T
SEHL > EPCs IRTS

(& % x #]

[1] Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, Li
T, et al. Isolation of putative progenibr endothelial cells for angio-
genesis[ J]. Science, 1997, 275(5302) :964-967.

Ingram DA, Mead LE, Moore DB, Woodard W, Fenoglio A, Yo-

der MC. Vessel wall-derived endothelial cells rapidly proliferate

[2]

because they contain a complete hierarchy of endothelial progenitor
cells[ J]. Blood, 2005, 105(7) :2783-2786.
Urbich C, Dmmeler S. Endothelial progenitor cells Characteriza-
tion and role in vascular biology [ J]. Circ Res, 2004, 95(4):
343-353.
Papaharalambus CA, Griendling KK. Basic mechanisms of oxida-
tive stress and reactive oxygen species in cardiovascular injury[ J].
Trends Cardiovasc Med, 2007, 17(2) :48-54.
Thum T, Fraccarollo D, Schultheiss M, Froese S, Galuppo P,
Widder JD, et al. Endothelial nitric oxide synthase uncoupling im-
pairs endothelial progenitor cell mobilization and function in diabe-
tes[ J]. Diabetes, 2007, 56(3) :666-674.
Ap/INR VF BN, SE PG, B 3 S0, R I R
AN B SO S IR S A DF T L) ] SRR B 5T 45 4 e,
2008,30(2) :198-201.
/N 230, SPGB, /NI, TR, 1 P A LR
XSS IR R BRI 48 B H i S HT LR RS [T ] B I
S-S BT R AR A, 2002, 11( 4) :342-346.
ARELYe, 7, k2R TF e, AR, 2 Rl NO 5]
(S,8)-ZX-5 K H Wit i 8 N B2 4 i NO BTk S eNOS il
PRI FEL T ] o R 2R R 2240, 2006, 37(6) :531-534.
UIERE, RS, B, ERE, Bln. RE WSS 8
MR T ERFFEL ] HEAIETIAE, 2003, 19(4) :434-436.
R W L. ARG ASTE 1005 ] TgA g v i 28 SR 2
RZE[J]. piepE~-Z4, 2003, 83(4) :289-293.
Zhang C, Yang J, Jennings LK. Leukocyte-derived myeloperoxi-
dase amplifies  high-glucose-induced endothelial ~ dysfunction
through interaction with high-glucose-stimulated, vascular non-leu-
kocyte-derived reactive oxygen species[ J ]. Diabetes, 2004, 53
(11) :2950-2959.
Griendling KK, Sorescu D, Ushio-Fukai M. NAD(P) H oxidase
role in cardiovascular biology and diseaee[ J ]. Circ Res, 2000, 86
(5) :494-501.
[13] Brosnan MJ, Hamilton CA, Graham D, Lygate CA, Jardine E, Do-
miniczak AF. Irbesartan lowers superoxide levels and increases ni-
tric oxide bioavailability in blood vessels from spontaneously hyper-
tensive stroke-prone rat[ J]. ] Hypertens, 2002, 20(2) :281-286.
Manishit, Hano T, Nishio I. Estrogen reduces angiotensin- ] in-
duced acceleration of senescelnce in endothelial progenitor cells
[J]. Hypertens Rev, 2005, 28(3) :263-271.
Dernbach E, Urbich C, Brandes RP, Hofmann WK, Zeiher AM,
Dimmeler S. Antioxidative stress-associated genes in circulating
progenitor cells; Evidence for enhanced resistance againstoxidative
stress[ J . Blood, 2004, 104(12) :3591-3597.
Sarr M, Chataigneau M, Martins S, Schott C, El Bedoui J, Oak
MH, et al. Red Wine polyphenols prevent angiotensin Il -induced
hypertension and endothelial in rats;role of NADPH oxidase[ J].
Cardivasc Res, 2006, 71(4) :794-802.
Maeda K, Kuzuya M, Cheng XW, Asai T, Kanda S, Tamaya-
Mori N, et al. Green tea polyphenol inhibit the cultured smooth
Athero-

[16]

[17]

Muscles cell Invasion through the basement barrier[ J .
solerosis, 2003, 166(1) :23-30.
(18] fal/INde, F il B, XK AR, 5535 3C, 5. LS R X B R B — 4
CEAE FURA R SEmA [ 1] & RAEE,2003,24(1) 1 121-124.
(AR SCHkE ARt =)

- 480 -





