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Neuroprotective effects of kukoamine A against rotenone-induced neurotoxicity
in PC12 cells
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Abstract: Objective To investigate the neuroprotective effects of kukoamine A (KuA) on rotenone-induced PC12 cells damage and
to preliminary verify its potential action mechanisms. The present study may lay the foundation for finding leading compounds with
anti-Parkinson’s disease (PD) effects. Methods A PD model induced by rotenone was established in vitro, and MTT, LDH, and
Hoechst33342 staining were used for preliminary confirmation of KuA resistance to rotenone-induced PC12 cell injury in vitro. The
effects of KuA on superoxide dismutase (SOD) activity, malondialdehyde (MDA) and reactive oxygen species (ROS) content, and
mitochondrial membrane potential (MMP) were investigated by colorimetric method and fluorescence staining, respectively. Western
blotting was applied to explore the underlying mechanisms of protective effects of KuA against rotenone-induced PC12 cells
damage. Results The PCI2 cell viability was significantly decreased after exposure to 0.5 pmol/L rotenone, whereas pretreatment
with different concentrations of KuA could attenuate the cell injury induced by rotenone. Compared with the rotenone-treated group,
KUA could decrease the ROS production and MDA level, while increase the SOD activity. In addition, KuA could effectively
increase the MMP, decrease the cytochrome c release and the Bax/Bcl-2 ratio as well as inhibit caspase-3, caspase-9, and a-synuclein
protein expressions. Conclusion KuA showed neuroprotective ability on rotenone-induced PC12 cells PD model and the potential
protective mechanisms of KuA can be related with inhibition of ROS generation, protection of MMP, regulation of protein
expressions involved in the mitochondrial apoptosis pathway and reduction of a-synuclein expression.
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T4 (Parkinson’s disease, PD) &—Fhfi
ZRGUBAT IS, HAHMERIEE%. Rl &
MRS ariErgt . ERZHIH T, PD AR
A A 23 IR . AR TR, 2 EEUR N =
KIFNEARI . BRAA D) BEREAT . SORE R,
TN T G B A R 5P IR 4T PD
PaTT, FEMAHZ B, 2 OEZ )
A A BRI R ST IR YT, AR AT DL
BEAEERE, FERG, HKBRSG, 485
HRIE BRI E AN RN, IR ARRCRAIA AR,
R, SR B R AR AR I AT R 2410 PD
VA I F0 A B SRR . i 2 R (kukoamine A,
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NG S SR RE R 1 22 R (SR AR M ok H ke S
BEE AT R 4, T2 A Db S B Y. A4,
KuA BABRE B HIE T, AT #0) A= Rs () s
JRa AT R IETURE P, 1 H KuA wlisid % S
1 9180 AR AR AR B ) J5 2 AT R 4 o 2 i
TR AT R Ve ), SR ATI A Bl KuA 7240
MK ERA RIFIIPURTTAZ IR (NMDA) %
PER S S Bt HoO, AR v 1, 10 EL K BB sl i
T —PISUE T KuA Huis sk MO R 9 5 A
TS eAh, BRI KuA AT LR AE R
PURBCETH AR5 1 O, ALtk KuA 7EAR P4k
Py AT DAE 40 M WIS AR T A HE R AT 1-F A4
FIEMEE R T (MPP+) /1-F1HE-4-Z£3E-1,2,3,6- DU
tsE (MPTP) #5560 PD VERIMY. 9 7 kBT %
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1.1 iRF

KuA W H RS E A ARG R A ], fiks
BP0833, JiiE0#0>98%. K& 'S L ARrEH 40 s
(PC12) 2 ik ehr v [ R o} K 2 i v 24 S 25
. DMEM 1% 3% (3£[E Hyclone /A & ); EDTA (3£
Sino A F]); PUHEARZMEELE (MTT, 3K H Sigma
AT, R (EE Sigma AF)D:; FLERM A
(LDH) Bkl ol & (r nl @ Ay LRt
FLHT); Hoechst 33342 %¢ 44kt (3£ [ Sigma A F]);
P B (MDA 7 & AR AL 8 AL B (SOD)

KR 7SS TR (ROS) A&, £k fA
BRI 77 & (JC-1) RIPA AWM. 7% I HLfis
ks (PMSF, 100 X). BCA & Hik &l e k7 &
(BEEEA) . B AFRME (5 mg/mL BSA). SDS-PAGE
FA BRI (5 XD, Western blotting — 3T 3T
FE CERBRME ). B ECL (L Roeilfl &,
N R RAEDE AT s B-actin LA
synuclein Jif& (£ Santa Cruz Biotechnology 2
A]); Bax. Bel-2 ik (FEE Abcam AF]); Mt
% C Hifk (FEEHATF); Caspase-3 HiLifk.
Caspase-9 Piifk (IRAEMFHEAR AT .
1.2 {8

CO, ¥77f (HA=HHRAATF]D: WAEME
& (SR ARRARAFD; KPERE S L
fEa (Rl b S AR A D BIE AV RN
Bt (HA Olympus AF]D); ff/mi GO (Hifg
GEREEAER s TR (RENEARAFD;
BEARA (AR AR R = A PR AR 3l Ji7&
KB (R BT 8 ) BB a K G5
(GARTTRHELIGAAR) s BOXTEAE ikt
JTEM ;s UVI120D B0 R (H AR BEEAF]D;
XK 96-3 BIEIRG A (LT8R 28 PR 2
Ay AEEE KA BRI ACHRERIR (b
ANTXER ;s pH AT (fE[E Sartorius AR
2 ik
2.1 {HEEEESF

¥4 PC12 A 75 5% 55 135 F1 5% M6 2 175 1)
DMEM @EiHERE R, 5 37 C. 5% CO, 4 ks
FEERRFR, BRUSMBILEH 2 d BHRETFRR
1 %o
2.2 BFEENFN KuA % PC12 ARETFE R A0

BN B K PC12 40, DL 5X10° AN/mL
HERMT 96 LA, BFSLAEFN 100 uL, 7£37 C.
5% CO, 2 N 4% 24 he ARG, Hedh 2 A4
Oy B TR EE N 51 104 204 40, 80. 120 pmol/L
) KuA #8% 0.10. 0.25. 0.50. 0.75. 1.00. 1.50
umol/L £ VA e % G IR 50 pL (3£ 150
uL/fL) 4R859% 4 he VKSR G, LB
IO R B E N 0.5 mg/mL ) MTT 15 uL, 7E8;
FAEHIE 4h. WMEEHE, 5 RS, LN
A 150 uL DMSO, E% 5 min £ ¥ K G455 58 4
i), THEEFRI 490 nm ABMER G (4). &4
w6 NEFL, SLEPATER 3 K.
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2.3 MTT A& KuA & BB SR PC12
YR IR R

B HUE K391 PC12 4, DL 5X10°AM/mL
HREERMT 96 LA, BESL4EFR 100 L, £ 37 C.
5% CO, 214 R 557 24 ho ARG 152 A4 PAUAH 45
T ARFR, KuA AN ER B KuA 4% 50
ul k855 9% 4 he Z9AbFEgs R )G, B4R KuA
HIMNLHRE R 0.5 umol/L () RERHE R, =5 A4
IINZS AR FEM & 100 pL & Fik 96 FLAR Y, gk4k
FEF% 24 he BEFRE R G LB CIMA L 2R A
0.5 mg/mL ) MTT 25 uL, ERFRAHTIEE 4h. 1
BeiW)E, 7% BIEW, LI 150 uL DMSO,
B 5 min FIEE 4 5E AR RS T AR 490
nm A EREE (A, A% 6 NRAL, SEIF
ITEE 3 K. LR TIRA N HAAER.

MIAFTER = (A 25— A )l (A 52— A i)
2.4 LDH B =

B0t # A KT PCL2 40, LA 5X 10° AM/mL
BT 96 FLAR, REFLEERE 100 pL. 155% 24 h
et HH . BRBAL T AT, KuA 44
TASFIAEL B KuA IR 50 uL 4883595 4 ho 24
YA FREE TR G, BRI KuA 4N N& K E N 0.5
umol/L ¥ fa BEERA WL, =5 AN A (ARG TR
100 uL % Fik 96 fLARH, k28555 24 h J5, B L
TR AZ IR LDH U5 & R AT A . RS S
FERFFRAY 450 nm AbSE A, SEIRFATEE 3 K.
IR HI AT B LDH BESE.

LDH B & =25 2540 LDH 3% 11/%7 9 41 LDH 3% /)
2.5 Hoechst 33342 & 4&3 N BT

BOSBUE K0 PC12 4, L 2.2 X 10%/4LIH
ERERRNT 6 FLIR, LR 2 mL. B398 24 h )5
A AE. BRAL T ARTFR, KuA A4 T
ANFR BE ) KUA 4% 1 mL k828598 4 he 254
WFREE R G, WHARIAM KuA IMANZIKEN 0.5
umol/L FF BERR V0, 25 AL I 2 ARG IR 1
mL, #3% 24 h. % LIEHFFH A PBS IG5k 2
W, N 1 mL HJE I iE 55 #2 W EC 1 7Y Hoechst
33342 Yeill (AJREIRE 10 pg/mL), KR E
15 min. WHEL NG, A PBS iEWL 2 . %t
e NS IR
2.6 ROS gy

Y35 TR ZG D REFE VIR “2.5” T ARG 5
ZIHBFFRIG IO F T I3 55 F2 L i I IR FE R

10 umol/L DCFH-DA f# & 1 mL/fL. fEEFRMEN
§5F 20 min, FHCMIER TR 2 Ik, ARG
(AN E~SISislic
2.7 ZRAREAL (MMP) I

Y RE TR AN 2GR IV IR]) “2.57 T, 4HffukE
Fr 24 ha, FEHLEFRW, H PBS Bk 1k, N
AN 1 mL FE R, A 1 mL 3% Le @l Fe il i IC-1
Pt TAEM (1X), FEFEFRFNIEE 20 min, HE
SiWJE, WA RIEW, A IC-1 Pzl (1X0
Ve 2 K, SRIEION 2 mL ZHARIE TR, FEDOLE
(BCTAE-SiSiEli N
2.8 SOD /&MF MDA £

YRR FRANZG AT IIR) “2.57 T, ARG IR
24 h G, WSCER4EML. FHPA R PBS JE%E 2 I8 TIA
50 uL 7 1% PMSF ] RIPA ZH# R ZH#ZA1HE 30 min.
10 Zr8himlie L IR AT /v 2860 R4S, 4 C,
12 000 r/min 250> 15 min. SOD &A1 MDA & &
W5E Z Bk R Gl B A T4, SEgn E 5 3 1K
2.9 Western blotting ;%MHH X & BHIFRIA

BN B4 KA PC12 40, DA 2.2X10°/4LHY
FERAT 6 fLik, AR 3 MRS, i
IR 24h 5, 1% “257 Jiksar s 2. 1A
PBS J&¥E 2 K. H1 % 1% PMSF K RIPA ZHRIRZL R
il 30 min. & 10 MEPEY 1 IRLA TR 2. 2
g oG, B0 15 min, {REH LIEWR, FEEA e
HH. BCAEE RS, #1T SDS-PAGE Hik, ZJ5
B0 B JE B A U R & PVDF I, IR = iR
2 h, LUEPRECH]— PR RS, 4% 0.1 mL/em?
WML, 4 CidK. &kH TBST BilE, A
PR, IR E 1 he 3% 10 1 HLBR ST R 6,
4 PVDF R & A i ) FIR ARG, R 1~2
min. HUtH PVDF JiE, AREEIRGES, &EHIHA
PR, FARE X RRR, BEEE, )
WA B, EF. KH Image J KMkt
TR, KWEE 3.
210 HIEBSG

K- FH SPSS 17.0 #EATGu it 2450 M, Sue 54 F
XtsHRw. 2 A BE R H KR 7 2 0
(one-way ANOVA, Tukey’s HSD-post hoc test).
3 &
3.1 &Y PC12 M7 E AT

PC12 #liffi 7% 24 h J5, #r%Hl4h T 0.10. 0.25.
0.50. 0.75. 1.00. 1.50 umol/L fa EERAALTE 4 h, 45
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U 1 AN, o R 57 B A O 1 R A ) 48 A7
WE, 5 AHME, £ 050, 0.75 pmol/L Kk
T, AAAEESHN (61.03£1.25) %, (48.19+
1.76) %, HAESIM¥E X (P<0.01). —fxikH
A 50% ~ 60% ) 24 Pk AR A de AR A5
WRE, Pk, %8 0.50 umol/L ¥ AR Jy fh g i
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Haaati: *P<0.05 *p<0.01, F2[
4P <0.05 %#P <0.01 vs blank group, same as figure 2
1 MRt PC12 pa7EERMSEN (X £s,n=3)
Fig. 1 Effect of rotenone on survival rate of PC12 cells

(Xxs,n=3)

3.2 KuA X} PC12 fREa7E &R

PC12 #fiffi3% 7% 24 h J5, 5% T 5. 10, 20,
40. 80. 120 pmol/L ) KuA 4b¥E 4 h, Z5F ik 2
fir, 5254 EE, 76 80, 120 umol/L [k,
YU P IE Ry BN (95.48+1.54) % (P<<0.05).
(93.7240.83) % (P<<0.01), #&/wHbifE fz FH &K
FErET 80 umol/L i A< By oo i s ity , MG
WL XTI MIAT VG B e . (Rltk, 4% 10, 20,
40 pmol/L 1E 4 J5 B SR i o
33 KuA W&EEEEIFESHAR PC12 HiEEFER
oA

MK 3 s, MTT SE4E LB, KuA
120

A7 1%

100 o~ = & &&
80
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A7 1%
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KuA/(umol-L™)

80 120

2 KuA X} PC12 4RTF/E RSN (X +s,n=3)
Fig. 2 Effect of KuA on survival rate of PC12 cells ( X *s,
n=3)
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A4 ““P<0.01; SHMALE: TP<0.01, 4. 9~
11 [
8&p < 0,01 vs blank group; ~P < 0.01 vs model group, same as figures 4,

and 9—11
3 KuA X&EEIESRGR PCL2 MiEEERNFI
(X*£s,n=3)
Fig. 3 Effect of KuA on survival rate of PC12 cells induced
by rotenone (X s, n =3)

X f IR 175 5 ) PCA2 4B 5 25 2 B AN [FU R 2
M ERIP R . SEEBHARLL, 7E 102 20+ 40 umol/L
PR, A EER B, 2508 (68.47+
1.01) %. (75.93+1.33) %. (81.46+2.15) %, %
A EARSCTE (P<<0.05). ] KuA i i i % 5
1511 PCL2 4 AF & A7 1E — 8 I IRYEH
34 KuA M&EEREFSAR PC12 468 LDH
RN

WKl 4 fr, 52 A4, 0.5 umol/L kR
ARFRAM 24 h J5, LDH B inz (314.03+
6.54) %, IMMisE4sT KuA (10, 20. 40 pmol/L)
AFRANAE 4 h, LDH BB B FFK (P<0.01).
35 KuA xt&REEiE SRR PC12 4R SaIZm

NTHEPIRAE KuA LA R % S g
TMER, B RS MEEA Hoechst33344 78t 4y

350 &

300 Hoke
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**k
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FH o EAR 10
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LDH B 1%

4 KuA 3 & BRERE SR 45 H) PC12 ZRAE LDH B
g (X£s,n=3)

Fig. 4 Effect of KuA on LDH release of PC12 cells
induced by rotenone (X £s,n=23)
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B H 5 KuA PR 4ii Ry B .l 5-A Fios,
FHA PCL2 4ii B A RIFIARIEA, e
8, TR (0.5 umol/L, 24h) HliE, &
DLPE T SRR G et i e . S5 A 4 AN
T/ TS TANFEWEE R KuA (10, 20, 40
umol/L) AbEE 4 h AT LA U T R A . Wi
5-B fin, S AAMLEL, BT AR PC12
YRS USRI, ANARAZ BSR4, TS
TP ANFR L KuA, [ 45 1 S ABRLIR 2 6 5 2
Wb, HEBFIERSME. 283 KuA BT LI 83 ]
R E S 1 PC12 4HE T R AR
3.6 KuA Xt & IS S5/ PC12 4f MMP |
AL

R R A2 R S PR R R AR PR B 5 A R 1 4
A, TR RN SRR LS, 2R T
AR IR o LRI RIS R 1 T B2 4 AR T

FIAAREZ —. FE—PE8 KuA X HBRER 7S 540
ift) PC12 4/ MMP 5. JiId JC-1 Ll 5458
JEHIELAE, FI MMP 22k, Kl 6 fos, 57A
AL, 25T fkiiabsE, gifnys e Bl
MMP 3% Tk, SHEREAMLEL, e TARGIE
(10. 20+ 40 pmol/L) f) KuA AbEELL)S, ARt
BEWLZ, MMP B3 FTt. R KuA 535 3 o gk
A5 51 PCL2 A0 ) A T e 2 R R F
37 KuA &EEIFESnme PC12 4R ROS
SEENMm

N T 5 KuA g I 55 S 940 1 PC12 4t
M ROS 281k, A% 44kl DCFH-DA, @it 7t
BB E KuA Xt ROS PR IR . 45 i
K7 R, 525 A4, BN DCF %t ik
N, HSE4A T KuA (104 20, 40 pmol/L)
AbERZHAL, DCF %658 ERD ROS & & i & £,

KuA/(umol-L ™)

ABIFEAME  B-Hoechst 33342 B e th sl
A-morphological observation under microscope B-Hoechst 33342 fluorescence staining experiment

El5 KuAX&akEfifSh PC12 AR SFE TR
Fig. 5 Effect of KuA on morphological changes of PC12 cells induced by rotenone
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El6 KuA xf&kEiE S8 PC12 41l MMP BY20E
Fig. 6 Effect of KuA on MMP in PC12 cells induced by rotenone
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KuA/(umol-L%)
7 KuA 3t RERIE SiR5H PCL2 A ROS & ERIF N
Fig. 7 Effect of KuA on ROS content in PC12 cells induced by rotenone
3.8 NEBEEESHGR PC12 418 MDA 8% 0.01). X NBT &l SOD 5. 45Kk 8-B

SOD FE MRS

TBD A4y MDA & &. 453wk
8-A flian, 52 AAMEL, #AI4H MDA & & TF
fm (P<<0.0D). TfsEes T AW (10, 20,
40 umol/L) KuA 7] DL 2 %k MDA & & (P<

20
8&
A -
*%
i
~ 15 .
(=)
_E *k
£ 10
£
g
S s
0

FHOBE 10 20 40
KuA/(umol-L’I)

Syt 44P<0.01;

fiizm, HAAML, BA4 SOD Gt R #E T
Fe (P<<0.01), TiiZess TANREIKEE (10, 20. 40
pumol/L) KuA K] L = SOD iEME (P<
0.01). Z5HEM, KuA T LLIJ & iy o e i i Bl
1] SOD ¥ 14 F£ 1%

g
25 U
*%

20
15 &&

10

SOD/(U-mg™)

5

0

TH R 10 20 40
KuA/(umol-L I)

SRR TP<0.01

4&p < 0.01 vs blank group; P < 0.01 vs model group

8 KuA xf & BEERiESR5EH PCL2 4158 MDA 7KF (A) #1SOD 5EM (B) BISME (X £s,n=3)
Fig. 8 Effects of KuA on MDA level (A) and SOD activity (B) in PC12 cells induced by rotenone ( X £s, n = 3)

3.9 KuA Xt ikl SH55H) PC12 48Af Bax 1
Bcl-2 RiXHIRNT

Bax fl Bel-2 24N 5 T VA R E H .
RAEFTIR, RETEN Bax SHMTIEN Bel-2
FKiISEPELBIG M. WK 9 R, S5 E4L,
BERIZH Bax/Bel-2 W21 (P<<0.01) . S5
b, %4 T KuA (10, 20, 40 pmol/L) AbFEZHAE
4 h J5 Bax/Bel-2 {A &3 T % (P<<0.01),
310 KuAX&EREFSmpRMEEER CEME
# Caspase-3. Caspase-9 FIEHIZZME

fRIFT-E E Bax MU T-E E Bel-2 FELF
E T ER C 2 MNERRLIAR BT, BRI M o
PRI i £ % C ] 3805 Caspase-9, 1 1 #4i% Caspase-3
SR T R wE 10 o, 52 A4HME,
BOMAAN Mt 2 C BAUEM Caspase-3 FRiA & & 1

m (P<<0.01). HHAIZHAALL, FsE4 T KuA (10,
20, 40 pmol/L) AbFE4HMI, 4HfIaz C BEEF
Caspase-3. Caspase-9 Kik e FfF (P<<0.01).
311 KuA xt&EiFESHG PCL2 4
a-synuclein FRiZBIS20

a-Synuclein &5 [ & — P 2 T RE S 4 SR s iy
B, W2 Lewy /IMAREZEH LS, HAEKN
R 2 I RENIA NS 2 BRI A T A E
BB RE G . B KA Hith e % S 2
XT a-synuclein fFRIA = A= 5200, AR S2I0 0 R
Wi 75 4 407 1) PC12 4l o-synuclein frI7K-FEAT
TR W 11 froRs, 53 A4, BAYH 0
a-synuclein 7K FHAETHE (P<<0.01), TMifisLsa ¥
KuA (10. 20. 40 pmol/L) A-¥4MfY, o-synuclein
HHAK 2R EROGME TR (P<0.01).
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B9 KuA 3} iREESRAR PC12 41 Bax F1 Bel-2 FRIXAIFM (X £5,n=3)
Fig. 9 Effect of KuA on Bax and Bcl-2 expression in PC12 cells induced by rotenone ( X £s, n = 3)
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Fig. 10 Effects of KuA on cytochrome C release (A), expression of Caspase-9 (B), and Caspase-3 (C) in PC12 induced by
rotenone (X £s,n=3)
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El 11 KuA &S SIR5H PC12 4f a-synuclein FiABIENE (X £5,n=23)
Fig. 11 Effect of KuA on expression of a-synuclein in PC12 induced by rotenone ( X *s, n = 3)
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4 tig

PD HIAIRALHIR A, Hh &kl Thfe &L
EAL LA a-synuclein 76 PD &9 A3 e it F5 b 4y
T A A o R D LR A 1 AT
A, aTLAE VAR A PD FEREIR, BRIERHI
37 R 6 TR AL, PD 1 s AR, AR 7t 3 B
A AR5 3 PCL2 4t AT, da AR 2 2
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