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i, R AN (5%) Ang ITZAFEANAG 24 h, SR FHWEME I (methylthiazolyldiphenyl-tetrazolium bromide , MTT ) A 40 MU 7715 3R, 25
B30 F7 AAG I 1fiL 3 5K 1 -1 T Z 4K (angiotensin 1T type 1 receptor, AT1R) L% & 5K ZE 11 -2 BI3Z 1K (angiotensin 1T type 2
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gp9 1P A Fik, R Ang I ATIR S8 HEETA S 19 CATH.a ZNEATEREER(P < 0.05), Ang 1L f#f NADPH % fLEE T
FE gp91™ Fl p67M FIRIEIN(P < 0.05) , I BN M PEIE AP ROS 7742, ATIR PHA 7 E VD HFINADPH S ALREI I
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[REIA]  MmEEWREK I ; HBEER; NADPH S A0 ; 16 14 %05 0 4 AR

[HMESHES] R7425 [X#EfREmB] A [XEHS] 1007-4368(2015)06-766-06
doi: 10.7655/NYDXBNS20150602

Effects of angiotensin || on oxidative stress in rotenone-induced dopaminergic cells
Zhao Hongrui, Wu Liang, Tian Youyong,Gao Qing,Cao Jie,Ou Zhou,Sha Zhitao, Geng Cong,Zhang Yingdong*
(Department of Neurology, Nanjing Hospital Affiliated to NJMU, Nanjing 210006, China)

[Abstract] Objective:To investigate the effects of angiotensin I[(Ang II ) on injury of dopaminergic cells and its underlying
mechanisms. Methods: CATH.a cells, a dopaminergic neuronal cell line stably expressing Ang Il type 1 receptor (ATIR) and Ang
Il type 2 receptor (AT2R), were exposed to rotenone alone or in combination with Ang II for 24 h. The cell survival rate was
measured by methyl thiazolyl diphenyl-tetrazolium bromide (MTT). The protein levels of AT1R and AT2R were detected by Western
blot. The intracellular levels of reactive oxygen species(ROS) were monitored using flow cytometry. The levels of gp91™ and p67*,
the two main subunits of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, were examined by RT-PCR and
immunofluorescence stainning. Results: The results showed that rotenone caused a significantly reduction on the survival rate of
CATH.a cells (P < 0.05), which could be further exacerbated by Ang Il via an AT1R-dependent manner (P < 0.05). Meanwhile,
we revealed that Ang Il exacerbated the rotenone-induced increase in intracellular levels of ROS (P < 0.05) as well as the
expression of gp91™* and p67™ (P < 0.05). This exacerbation was abolished by NADPH oxidase inhibitor apocynin (P < 0.01) or
ATIR blocker losartan (P < 0.01). Conclusion:These findings indicate that Ang II interacts with ATIR and subsequently
exacerbates the rotenone-induced injury of dopaminergic cells via elevation of ROS levels through a NADPH oxidase-dependent
manner. These findings have deepened our understanding on the role of Ang I in the pathogenesis of Parkinson’s disease, and
support the use of ATIR blockers in the treatment of this devastating disease.
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A4 %94 (Parkinson’s disease , PD)f&—Fp &
1B BN FEEIS S ARAER A P 2B TP . H HTHY
BT BRI IR, TARE AR F b ph
LI ER  BOR ISR B AR TR
PD 85— S 2R AT PR h R A BRI

Mm% E 1 (angiotensin 11 ,Ang 11 )/EH T
MAEEKER -1 BZ{K (angiotensin Il type 1 re-
ceptor, ATIR), 81 S84k N SR 5 1 s o7 7 Co JE
B IS h A i BRI, Ang T2 2R -1
B Bk R R4 (renin-angiotensinsystem, RAS) i #
B —Fh A AR, 2 5 Y K, AESE
R ZHLA DS R RAS, Horb ik 45 4L
ST MZ LI RS, WAFTERIFRIY RAS®, Rodriguez-
Perez 451945 1 7E— LU 22 [0 B BRAR A 71 A8 T &) Jk
SOFSIL7/E BN 1B Ay B2 B B/ i By e el <6
RAS 15 VEIG &1 o & v ot Jie i MR e — 1 1 IR W TR
(nicotinamide  adenine  dinucleotide  phosphate,
NADPH) 8 f il f2& 2R AR S M 4 (reactive oxygen
species, ROS) W EZRIE, Ang T/EH T NA
DPH %Akl , 7725 (1 ROS 7675 1fiL £ B IR | 3h ik
SRR R AL SF AR A DGR Th A AR T SR
M, Ang 1 2% 25 PD YA K S IHLE] A
W1, AR 90 A 28 35 4 25 ) 16 7% ] (rotenone,
Rot ) 4b B 22 I iz RE A 2278 CATH.a 40 iEAF 0 PD Y
MR PRF Ang IL7E PD WP ROLET, S PD 1Y
TRIT R e AR

1 #RF7EE

11 A

CATH.a 4iijfd (ATCC, 3E[E),RPMI-1640 £53%
3k 0.25% [ /EDTA T AL DI iR A4 1L 75
(Gibeo 25 F], 2 ), Rot (rotenone , Rot) Ang Il | &
h 3 (losartan) . J& 77 Bk iR & (apocynin, Apo) .
PD123319(Sigma A, ), Sbi ATIR itk f
P AT2R Uik FEHT g1 Tl | FHT B-actin HTIE
(Santa Cruz A ), £, F4H 4R [gG/HRP FHU L
IgG/HRP Y HL TgG/FITC (BB L84 ), e
e ¥ (methylthiazolyldiphenyl-tetrazolium bromide,
MTT) 150 & (R 5Ll AL 7)), ROS #5150 & (1
1128 = RAEWE RS T ), TRIzol  (Invitrogen 73
Al ), Wi SR & \SYBR Premix EX Taq &
i PCR K& CRIEFAM AT
12 7&*
1.2.1 CATH.a 48 f83% Fx B 540

CATH.a UG FAE T 8% 1M FN 4% )54
75 R RPMI-1640 355756, & T8 5%C0, 37°CH%
FRANESR, TR BETT 85%mh S 19064
IMIEH RPMI-1640 3555364555 . 25T Rot 100 nmol/L
HIVE PD 4IRS A Ang Il 100 nmol/L 3|3 5% H
ATIR FHAFFI 4704 (losartan) 1 wmol /L AT2R FH
# PD123319 1 pmol/L 1 NADPH & 1k fiff 411 1 71
Apo THALHH 30 min 5, MIA Angll 100 nmol/L, %%
UM 35S 24 h, FHLRZDHEE 3K,
1.2.2  MTT #:ml 2a o 5 7% %

96 FLAR PG FR &4 CATH.a 400, AT EERD
BB MTT % 0.5 mg/mL 37°C 5% 3 h, A
100 pL. —F LA (DMSO), %5 10 min, H-0l FH %
IR IR LS e 2, e H o T
490 nm PAMBOCEE(E ., SHTLRw 2 PHET 31K,
1.2.3  Western blot #&0]

AL FREIRT, T 10 em FEFRIMLAINA 500 pL
AR E A, A S 2R A BCA &
P B R D, IS R AE AT 28 SDS-PAGE
MUK #5% 2 PVDF B I, F & S% BN 058 19
TBST =01 2 h, MA$L ATIR(1:1 000) ,AT2R
(1:1 000) .42 B-actin(1:1 000)Fiik 4°CHFE 1%,
TBST M5t 3 ¥k, 4K 5 min, LA 1:3 000 B EHT Sl
FPU 1gG/HRP —HIEIRIFE 2 h, TBST YRR 3 1K,
BFR 5 min, ECL W52 0 (IR RUER , BUGCR
Image J SPHTFR AT IR BE3HT
1.24 AKX AR 40N ROS A&

BA £ AP CATH.a il 540 i B 2 mL/FL
FEFIT 6 FLIR, B 37°C 5%CO, BB F-AE IR 24 h,
AR 6 PR S AR S P 5, 4% 16 101 000 G
LG REFEWM FE DCFH-DA, i 284 B/ 10 pumol/L,
PR AN RS R, INAGE 24 (A R B - 0 40 i
DCFH-DA, 4 55 7546 I 20 min, FHICI0IE 40
LRGSR VRS AN A 3 Uk, WCAE A0 B s FE i =X A Y
R, UM SECh U 488 nm, L5
£ 525 nm, SAHLEEPEL 3K,

125 %t%% PCR

K TRIzol EAMELANMLE RNA 42258 7 S5
G ULIH B 554 B cDNA, FIF Primer Pre-
mier 5.0 W59, 519751 W3 1. L cDNA g
M, #9 tE f PCR U & Ui BH B4 Ak 78 RO i
FHomA B R 0 51 Yo IOv S8 T B 1Y
BE Y 3G BN ARFR A 25 pl, RN SEL . TR
P 95°C 5 min; 28 94°C 30s, 3B k 60°C 30 s, FE{H
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768 - Mow B R K E ¥R 201546 A
72°C 40 s, 4t 40 DMFER s LR GE 72°C 10 min, D) 1207
GAPDH 1E RN 2, HI ABI 7500 %4 SZHE %8 % A8 & 1004
PCR (AT I e AT , 5 HLFH 25 0315 £ 50 i o
F1 %EEE PCR 31M57 % ol .
Table 1 Primer sequences used for real-time PCR g 10 T T
HH 19)¥5(5'—3") g
gp91™  [i#-CAGGAGTTCCAAGATGCCTG 20
T #-GATTGGCCTGAGATTCATCC 0.
PO LIFCAGCCAGCTTCGGAACATG %\%@ W\ug'\ w“}ﬁl\ &‘Wu;%. 3&1’&
Fii-GACAGTACCAGGATTACATC Qv (N oV
GAPDH  [Ji#-CGTCCC GTAGACAAAATG ST
T E-TAGTGGGGTCTCGCTCC ¥
SXFRA LA, *P < 0.05; 5 Rot+Ang Il 2H 1%, 7P < 0.05,
1.2.6 @iz R AEE K1 Ang Il %) fHERR 5 T 69 CATH.a 40 LA7 35 29540
2EB@MH‘,Fﬁfﬁ‘(§\E/\] 4% 2B P EFEE 10 min, Figure 1  Effects of Ang Il on the survival rate of rotenone-

A —PT gp917(1:100), {2 & 4CHFF IR, Pt
BEH FITC FRic 5 eHuiAR, FH DAPT %, et
SIS LA 351 nm H1 490 nm 43 H1EL K DAPI Fl
FITC JHHA MR, DML N Ha A T 5 1AL

13 %it$H %

K H SPSS17.0 174 it2 b 3, Bedi %k +
PRUEZE (X = 5)Fon, Al ELBCR R R 7 241
Mr, ZHIR] G P HBERH Tukey 5, P < 0.05 HERF
e N 3 =8 4

2 & R
2.1 Ang Ili8id ATIR 123 & B8R F 49 CATH.a

4n e 4545

WE 1 frR ,CATH.a 21 il 28 Rot 100 nmol/L
AREE 24 b 5, MTT 324G A0 A7 15 2R 556 R 2 AH L
R, Z R BASITEE (P <0.05), A
100 nmol/L Ang TI AbHEL 4N IAF 15 % T R, Axt IR
ZHI1) (48.33 + 8.50)%, 5 Rot ZHA L, 22 % HAA S

incubated CATH.a cells

2775 X (P < 0.05), losartan 1 wmol/L FiALFH 30 min
J& ,F5 A 100 nmol/L Ang II ,Rot+Ang Il +losartan
HAMMEAFTG R AT BRALAY (70.12 + 7.91)%, 5 Rot+
Ang AL, 2 FBAG 2 X (P <0.05), 10
JinF PD123319 1 pmol/L 4k # %) Rot +Ang Il +
PD123319 41, 20l 4715 K R X BEAL Y (46.02 +
8.27)%,5 Rot+Ang T ZbHLH A LY, 22 57 oG 12
B (P>0.05),
2.2 Ang Il #F ATIR #= AT2R & & &k 04 %h
Western blot £ , SXTRRZAHEL, 100 nmol /L.
Ang I #3424 h 5, ATIR Fik 80 (P <0.05),
1 pmol/L losartan XbFRZ] ATIR %% Ang Il AbPRAIFF
(P < 0.05, 2A B), 100 nmol/L Ang Il #i 24 h
J& , WAT i AT2R B I, 5T IRALAH L, 25 5 5L
BHITEE L(P < 0.05),1 1 wmol/L losartan ZbFH
2 AT2R Fik 5 Ang I AbFAAHLL, 2RS4
(P> 0.05,K2A.C),

A B N, B C
,-% NN _ . _
‘312‘% P XN\% Q\O\X?‘(@‘\ > o3 ® 515 2.0
AT T Qv o -K T ) By .
ATIR = = 1.5
i I — Z 2] B
i # T T
e # T w 1.0 —L
AT2R e P il P
ERS g
B-actin A ——— & @ 057
actin % %
D . ; : <00 : : : ,
LN SN & AR B 3
,!,\)‘S?)??- Q\o\ o %\\ %&y&\ 1'3\?};- o {\‘30\\ ?‘_&_V&\\
O \\x\o o o\
A o A ob
W\XB Q\o\x

EXFRALLE, P < 0.05;5 Rot+Ang I 0 148, *P < 0.05,
K2 Ang II X aBEEAE S CATH.a 4110 ATIR 1 AT2R & [ 235 A5 I
Figure 2 Effects of Ang Il on the protein levels of ATIR and AT2R in rotenone-incubated CATH.a cells
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2.3 Angll *f & #5815 49 CATH.a 20 iz A ROS

1) %5 7R

YU ROS B4 248 it S0 A0 0 SR A ) 32 22
Prakio TN ORI 4B ROS &t anf&l 3 Jir
78, CATH.a 40125 100 nmol/L Rot #b¥H 24 h )7,
YL N ROS 7K % BRZH i 3% m . 1,10, 100 Al
1 000 nmol/L Ang I 3 24 h, 40P ROS F=A4: 4>
SRR R0 2.50 ,3.02 4.11 F11 4.83 %, B Ang 11
FIHE O E T 22 H 100 nmol/L H1 1 000 nmol/L
Ang [T ZEFRZI 4P ROS 774 5 2] Rot kb BRZHAH
I, ZRH A #E (P <0.05), S5XFAM
L, B 25T 100 nmol /L Ang I1 4038 CATH.a 410
Jii ,ROS /KN (P < 0.05)
2.4 Ang Il 3% NADPH £ ACEGE M6 7 0m

NADPH bl 19 PR A~ 3222 56 R gp9 1™ Fil
p67™ e i PCR 45 5 78, CATH.a 4l i 8
100 nmol/L Rot ZLBH 24 h J&7 , gp91™™ il p67w ik
B BRLH I . 100 nmol/L Ang I1 BN | gp91o
Al p67 A E | 5 Rot 4L HL#, ZRA SR
(P <0.05),1 pmol/L losartan AbFHfY) Rot+Ang I
+losartan ZH , gp91"™ Fl p67™> F k% Rot+Ang 11 21
FEAR (P < 0.05, 8 4A B), £ A0 EEA op9 19 FFHAY
BOEF IR WE 4C FF7R :Rot ALFHA gpo1r %

IREEXT RRZH I L Rot+Ang Il 4H gp917 2 R k%
A 3.0 .
B-
2 2.5 il
P
2.0 x4
ﬁb? T * #
Z 151 T
s
& 1.0 T
£ 0.5
2
* 0.0 : . .
WL& oD VL/\} w\\
*\ W QO\ ?’“ﬂc ?\o\x \\A\\L’%
pagisei:| Rot 41

Rot AbFRZHIE L | 1 1 pmol/L losartan b ¥ J5 )
Rot+Ang Il +losartan 21 , gp91*™ £ 132 iK%% Rot+Ang
I 2H 370
2.5 Ang Il Ak Fo NADPH £ACEG3p 4] 7 2
Ang Il %389 B AL Bk %
pimeanediliER NG il émﬂ’@w ROS & H MK 5 Fis,
CATH.a /14 100 nmol/L Rot Z:¥ 24 h J5, 40

N ROS 7K A% BRZH 31, 100 nmol/L Ang IT H1l3#
J& ,ROS 774z gt HRZH Y 4.10 £, H.5 Rot AbFHZH

M, ZFASITFEL (P<0.05), 1 pmol/L
losartan AL B Rot+Ang Il +losartan 2, ROS 255

6
* #
* # L
| :
H4
R s
= * * T
= = ;
%3 T
(a1
0- T T T T T T
Ang Il (nmol/L) 0 0 1 10 100 1000 100

Rot(nmol/L) 0 100 100 100 100 100 O
XA, "P < 0.05; 5 5 Rot 4HHUAR, P < 0.05,
3 Ang I X%} CATH.a Z0ffl ROS Az il A5
Figure 3  Effects of AngIl on the intracellular ROS levels in
rotenone-incubated CATH.a cells

B 2.59
% 2.0 il
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#
ﬂé 1.5 T _fi
=
- T
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(a1
g
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4
8
2
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3, 1) . U
. \Q%é‘& O\LIX\ o'§ /\> \‘C\\L’%
¥ W }y\‘” K N7
eo\ ?\9\ (\‘)‘
Rot+Ang Il £ Rot+Ang H +losartan 4

A B: 56 PCR NS AL gp917(A) p67“' “(B) mRNA (365, SRHIELE HA, *P < 0.05; 5 Rot+Ang I ZH AL, 'P < 005, C. 4 Esetye

K gp9 17 [R5 35 (x400) , CATH.a 41 i DAPI
K4 POt

Yk (D) , 4540 gpo 1P IR 8k (R E70)
2 PCR A 454 gp917™ p67™ mRNA 13835 I G 5 e Y il ¢p91m~ il Rk

Figure 4 The levels of NADPH oxidase subunits gp91"™* and p67" in rotenone-incubated CATH.a cells were detected by RT-

PCR and immunofluorescence staining
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Rot+Ang [ AbFEZHFEA(P < 0.05), NADPH “E AL
i3] Apo 500 wmol/L FiALH 30 min, Rot+Ang Il +Apo
ZH ROS /KF45 Rot+Ang [T AN FAAR(P < 0.05) .,

5 —
*

4 T
)
ﬂﬂj 37 * # * #
i T T s
£, &
8
£ ] =

0 T T T T

» DS DS » 5
4'\\‘2’%‘ g‘o\ \\%& ;&\-V’ XN““
Qv A\ a \\%\\

X\o\x?&% \\“\X
5XFIRZH AL, *P < 0.05; 5 Rot+Ang 11 2H H 4, *P < 0.05,
Bl5  ATIR BHAE 7S 7P F NADPH S8 Ak I ] 5] 2 A7 4k
FEZ X Ang 11559 CATH.a 40l ROS 77 A= 50

Figure 5 Effects of AT1R antagonist losartan and NADPH

oxidase inhibitor apocynin on the elevation of ROS
production induced by Ang Il in rotenone-incubated

CATH.a cells

3 3 R

PD Ry 4k B /R 2% 1 2R 9% (Alzheimer’s disease,
AD) ZJ5 B R H WA A VENG | L2 B e 22
TCASME WK R AR, ARSI PD A —
SESLPR AR SR, AR RZHURE &M PD 9 X v AN
B AR R R Z RS 5 2 B RE I 4
TR IR R IR T RERE A | AN A
P R-HABHA R GG,

H T 2 ) SRR S A 10 S K
AR R R ZR AT 1) B B R pL
A = W AR & SO da e AN/ Y i Zwives g TR L
YRS T A s, SEmh oo,
FESE , ROS AT DL ELHE U0 200 B P9 1 98 Tk R
4t At 2 RN T Ang T30S /MBS B2
Jfi &% NADPH S fbfig, Bk ROS, fiE#E £t e R 2 iy
T2 Zawada ZEPITE—FP £ B HE4E IE & HPIE
ST NADPH A A0 Bl AN 2ok Z R AF7EAH BLHK &R
1-FR B4R ENEIE 25 (MPP) A B pH 22015 =
LRIARBE ROS, J5 4 1T L33 NADPH 4 fLil™
4= ROS, T1fi H NADPH % fbfig = 4= (1) ROS A LIk
ATIR BRI SV IR , ZeRiiA T NADPH %8 L
FEA R ROS 38 3 AH B2 8] ) —Fh IE S 8 08 1%
AR, SR ROS K45 . Rot 8

eilfE PD (YL FN SRS . ASPREZH A S 5
TUE W -l 7D 4H PR 2L 40 50 A S5 X 7 06T Rot 1755119
PD BEALA PRIPVE DY, ZEARBFSE Y, Ang I 7T 12 25
M Rot 75 519 ROS 7= 4=, il iX i /E H nl 8%
NADPH 48 AL A 5 I A TBRRR 22 BHIT . 7E Ang 11
YEF T ,NADPH %84k il (1) 7.5 gp9 1o Fl1 p67e 3
IRHEIN, X LR Ang Il 383 NADPH S fLEGXT £
L4 e R 20 ™ A= AR AR

FT 78 W RAS AR R SRR 22 48 B I
H AT, M Ang A2 LU 2 6] R 1E & B ROV 1
PRZIRT TR I R rh RAEEZE ™ N
TEJRERIN RAS R G¢, v] LAH T E AR i msciR ik £
EURE R REC T, Ang T EZEH L ATIR F1AT2R
FhZ AEAEH], T LR SZ A E AR ™, FE £
FREC PD 40 M7 v AT2R BYBLEN 7] CGP42112
AT NADPH S2A0EG , i AR, AR S
K, AE CATH.a 408, Ang I AT fd ATIR Al AT2R
Tk, Ang 11EFRYEALNEAT DAgE ATIR FH
A RIS YDIHBE W, AN BERE AT2R BHEE ] PD123319
RELOBT, 1717 EL, SUPIH AT LABHIST Ang I 55 1) 40 MUAF35
TR,

25 L RTIR AT A5 R AR WITE (e 50 PD
YA Ang 1131 NADPH 4804k it 42 32F 41 g
#i01,25 PD AL S EE, H Ang Il BXF/EH
JEEE ATIR SEEAY . (EF T HE40 A9 7 F AL An
Sy DR
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