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IiE . P ILPTIEZAT I 6-F2 55 2 B+ 4 y0 CaMKII 3 AT Cavl.3 RiklEH. Cavl.3-CaMKIl E &ML G M. KA
MTT . siRNA FIRFEE AR 6-F2%5 2 Bk KRR S B & nat T B mim. &R 6-FE2 g
Cavl.3 RIE/KTFHA p-CaMKIl /KT8 & F xR, WA ER BB SIS E X (P<0.05). 6-FE 2 DAL A
Cavl.3-CaMKIl E&4/KTFHE s TRA, WMANRERBEAST¥EN (P<0.05). 6-FEL EKHEA p-CaMKII Fl
Cavl.3 /K FEEFE T4 (P<<0.05), i KN AR &AM 6-33 2 EJE51#21) p-CaMKII A1 Cavl.3 1, P LKZER
BASGH#E X (P<0.05). SiCavl.3 REHM 50%LL E Cavl.3 ik, ] Cavl.3 Al CaMKII, 3% 6-¥23%E 2% B 5] 4l
MG, AL ZE R BA SR L (P<0.05). 45 6-724 2 DA BK REAR 2 DIE & oo i A iEsifs 5 Cavl.3
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Effect of 6-hydroxydopamine on substantia nigra dopaminergic neuron injury in
rats by CaMKI|I regulating Cavl.3

WANG Hai-liang, WANG Shou-tao
Department of Pharmacy, Benxi Central Hospital, Benxi 117000, China

Abstract: Objective To investigate the effect of 6-hydroxydopamine on substantia nigra dopaminergic neuron injury in rats by
CaMKII regulating Cav1.3. Methods Dopaminergic neurons in substantia nigra of rats within 24 h of birth were cultured in primary
culture, and treated with drugs for 12 d. Effects of 6-hydroxydopamine on CaMKII activity, Cavl1.3 expression, Cavl.3-CaMKII
complex formation, and 6-hydroxydopamine on cell death of primary dopamine neurons in rats were detected by Western blotting
method and co-immunoprecipitation method. MTT method and siRNA knockout technique were used to detect the effect of 6-
hydroxydopamine on the death of primary dopamine neurons in rats. Results The expression level of Cav1.3 and p-CaMKII in the 6-
hydroxydopamine group were significantly higher than those in the control group, and there were differences between two groups (P <
0.05). The level of Cav1.3-CaMKII complex in the 6-hydroxydopamine group was significantly higher than that in the control group,
and there were differences between two groups (P < 0.05). The levels of p-CaMKII and Cav1.3 in the 6-hydroxydopamine group were
significantly higher than those in the control group, while KN significantly inhibited the increase of p-CaMKII and Cav1.3 induced
by 6-hydroxydopamine, and there were differences between two groups (P < 0.05). SiCav1.3 inhibited Cav1.3 expression by more than
50%, inhibited Cav1.3 and CaMKII, and improved cell damage caused by 6-hydroxydopamine, and there were differences between
two groups (P < 0.05). Conclusion Cell damage induced by 6-hydroxydopamine of primary dopamine neurons in rats is associated
with increasing expression and activity of Cavl.3 and CaMKII. CaMKII directly regulates Cav1.3 function by forming a complex with
Cavl.3, and inhibiting Cav1.3 and CaMKII can improve cell damage induced by 6-hydroxydopamine.
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Ca”" /45 1 2 (RS 28 (1 11 (CaMKID [
ZRIET WA RS, PR THIE 0 A I i
A B, CaMKIl 5 2R E RS 50,
A SRR B R SRR S A R R A R
G AR (1 A R R S Y Ca®* Rads M e, IF A
Cavl.3 Z 5280 F 1k mid, (HEARAE L
HIM AN . AERABL, CaMKII A H7T Cavl.3
PER . 6-REZ R LRMIKEMARR, 4
M52 EEEEL ERVERRS 2 OBkt ss &
T, FZERRREMA IR FEMIET.. CEA 2
WF 7E A5 F 6-F2 3k 22 P e Ah ke ) 2 1 & AR sh ) sk 4
R RO AR T 5 6-F0 0 2 D AL B R AR
% M fiERe 4 ot Cavl.3 1, CaMKII X} Cavl.3
(IR R AE M & ot R, RIRAER
W 4 28905 R R CaZ Rads Je i (L B L xet
PR TLI AL S 2%

1 #MRERE
11 EE#HE

p-CaMKIl. CaMKIl Hog ik (5550510
12716. 4436) )4 5 3 [ Cell Signaling Technology
A, MAP2 £ i [ iAKW H 52 [F Santa Cruz /A &,
Cavl.3 7 PR (TS ab85491) 1 [ P [F Abcam
AF], GAPDH ZrifEHifk (%5 G9545) IWH 3%
Sigma A, MTT A& (&5 C0009). ECL
W& (TS5 P0018) I H hifg 3 = KA A
HIRAA, 6-FEZERE JIESE=98%, 115
H116, fit'5 MKBH3059) I H3EE Sigma A+,
KN (KN-93) Ity F 3£ [E Apexbio A F] .

THEEH SD KR T EHEERRS:, ShfE
HHAES SCXK (3L) 2015-0006-

12 KRZERREEHESTERIEFRMEE

B A 24 h KRR, Wik, FHARFBFBYAEETHL
HR, BT okigm b B MR, 2 B SriRik .
RHFARII UIRESCHRAE, I 0.025%)5% 8, AL 3
min. I I A 8 19840, #E=IE K 3000
r/min B0 7 min. EFR EIE, MMAREFRMEE, WITEH
B4, i 200 HuER, UREMRER. L 5X10°
ANImL I R T 2 R 2 R (0.1 mg/mL)
BB 6 FLHH. 37 C, 5% CO, 1597 24 h, #ul%3%
e .3d JaHRREFRAE, 12 d JE A& e 3T IR 8255 .
B2 ITCLL 5X10% ANmL [RI4E i 25 BEFp T 25 3% B
b HUESFRE 12 d IR, FERSFRL F PBS i
Ve 2 . B2 PBS, IO 4%Z EHE 1 mU/AfL, =

L E 30 mine FF% 4%Z KHEE, H PBS iETE 3
&, 5min/{k. BN 0.3% Triton X-100 1 mL/9L, =
I&3%E4k 20 min. #2: 0.3% Triton X-100, fH PBS i
e 3 %, 5min/ik. 3% PBS, A 3% BSA, =i
B 1he 372 3% BSA, F PBSi&E¥E 3 %, 5min/
Ko 7% PBS, MABZRFIEAE (TH) —#1, 4 C
WENR. FEE P, A PBSEYE 3 K, 5min/ik.
#+7: PBS, i Alexa Fluor 488 Fric i/ 19G i,
IR FIE 1 he 7290, H PBS & ¥E 3 X, 5 min/
K. 32 PBS, M DAPI, 10 pg/mbL. FfF 53
o FAEE AR R 4 5 NN IE S XS T 41 45
H Image-Pro Plus 6.0 X {73 & 4l 52 . BT 4H i
YHMuR% R DAPI Juth, ZEJZREMZ IR TH
Fric, Alexa Fluor 488 —Hij s tt, &R 544
FKRZ OIRRE A T alifE A (90.26+7.38) %.
13 6-EEZERMMEAET CaMKIl FHH
Cavl.3 FiXHI N

6-F2 3 L LA 6-F2 3 L DR Z&IRE N
100 pumol/L, ALFRMPLETE 24 hy XFHEAfEFH S EAE
LR K AL BEAH (R [R] o 6-F25E 22 U (5 FH o B i %%
%% Park 25, SR S s NSRRI 6323 % [EU %
A PRAPZE 05 4R CaMKII iE HEAT Cavl.3 ik, H
B EE AR R 0 R R A A, SR Lowry
DERERIREE, ISR, TRIFRERE AR —
#, 95 ‘C& 5 min. [T 10%~15%ft] SDS-PAGE
Rk B E A, B EA%E 2 PVDF JE F. 5%k
A 1 he HEFAFM—dt4 CiERE, PBS-T Bt
JEE 3 VKo AR N BARBEARIC I P E 2h, PBS-T
Bel 3 k. A ECL ik & R s, AT K EE AN
I3
1.4 6-FEZEREX Cavl.3-CaMKIl E&KFR
ZppA

6-F2 L 2 EE A 6-F 5 2 B ZIKREN 100
umol/L, AbFEMHIZETE 24 h, o HRZH fdi F 24 & AR 7 36
Kb BEAF [FT B[] o SR FH S FTe A G BN R ¥ 7
RN 6-F2 3k % [ i A AR A T S 4. CaMKII-
Cavl.3 EEWEHUE L. NP RZIE 1.3 I
Tk RBEILTUE SR HAA & AR
AR EAN i, =AM 10 min. KA
Lowry 0 5E RE F K FE, 18] 1 000 pg £ & A 10
uL protein A/G-beads, 4 CZEIZjei i Ed®R. K
HEL 13 000 r/min B0, 25 3%, fHH PBS jEYE
protein A/G-beads 2 ¥X. 2 PBS, M 25 uL £&fi
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7, 95 “CZ& W 5 min. 13000 r/min &Ly, B LI,
AT S BRI A AT o
1.5 6-FEZEREXT CaMKIIFT Cavl.3 HISH

KN >y CaMKI1 #1151, KN 2148 H KN 289
N 10 umol/L, ALHE 1 hy X HE L FHAH R 75 & 1)
DMSO, AbHEAH [E]a]); 6-F255 % B % 4 KN 42616
F KN 10 umol/L FiALFE 1 h, FHAER] 6-F80E% %
100 pmol/L 4LEH 24 ho K H o EIZE kAl 6-F2 2
Z B AL TR CaMKIL X Cavl.3 i
T, GIEENIC RS 1.3 TR k.

1.6 CaMKII %5 Cavl.3 ¥t 6-2BEHZ ERRAIEX
RIEK % B E TR 2

Cavl.3 siRNA 2 EE 60 nmol/L FH )4 5 %}
HEZH SCR Ab3 72 h J5iHAT T — Pl 6- 2k 2 2
i H 6-¥2 5 % L IZ M 249K 2 100 pmol/L, bR
24 h, Sof REZH A 4 A 3 R /K A 3 [ B[] 5
KN ZH g A KN 283K 204 10 umol/L, #b¥E 1 h,
o} [ 2 fif FH 45 B DMSO AR FEAH [ a]; 6-F2Fk 2 12
Jie+KN ZH56 48 H KN, 10 pmol/L TiAb#E 1 h, FfE
F 6-¥3 2 % 100 umol/L 43 24 h. K siRNA
PR AR AT IE R UER, ) MTT 248000 40 e % 14
A5t CaMKIIL 5 Cavl.3 1 6-F2H % [ b B K
RURZ ERE s & ot rIfER .

Cavl.3 siRNA 2 B Cavl.3 siRNA [ 41 i
HIAF A . Cavl.3 siRNA 4. LiE5|4)
5-CGAGAGAGG UCAAAGGUGAATAT-3'; R3]
¥) 3-dTdTGCUCUCUCCAGUUUCCAC U-5', fii fi]
lipofectamine 2000 %: %% siRNA, #4LRT 1 d K%
Bt o PiAE 2 IR LS & 1ipo2000 5 G I
JEREFREE (Opti-MEM) JRE AT A, EiRIFE 5
min; ¥ siRNA 5 Opti-MEM JE& BUA B; KA
WA EBIRA, EEME 20 min, BIHEWR C, siRNA
ZLIRFE 60 nmol/L; KA C A F= L 37 °C.
5% CO, 15 7% 72 h Jait47T F—2D 5.

MTT 3508 K4ifibl 5X10° NmL FidE T
96 fLIR T, 7 d AR AAEE S FF R RETRIR, T
TINHTBC B 979 100 ulo BEFLANA 0.5% MTT ¥k
10 uL, 37 ‘C. 5% CO, }7% 4 ho #EFLANA 150 pL
DMSO, 1iKi# 2 5 10 min, {45 )% - £ 490 nm
Wk e RO A
1.7 GtE o

KH SPSS 18.0 Gitt i AT Gitt ot . &
R xEs 2R, R EER B MR £ R . i

ORI EC B A B R 2 7 2 i, TR RRER A
P Lo
2 R
21 6-REEZBEREMMEAET CaMKIIl jEMHF
Cavl.3 FRIEHIFZNT

6-F2 5 % WHZ AL BE X #2270 CaMKIL 3 1 A1
Cavl.3 RIEMEN K 1. &RER, 6-7HEZE
fZhbFEZH Cavl.3 FKIAZK-F-F1 p-CaMKII 7K1~ B ¥ i
TXRA, WHRERBEGRITFE XL (P<
0.05), ZERWFE 1.

Cavl3 R 045 x10°

p-CaMKII S 50 %10°

CaMKII 50X 10°

GAPDH 37x10°
it e 6-F25E% L 100 pmol L7t

1 6-EEZERENHIETT CaMKII FEER Cavl 3 FIARIFNT
Fig. 1 Effect of 6-hydroxydopamine on CaMKII activity and
Cav1.3 expression in neurons

1 6-REZBREIHET CaMKII FEMF Cavl.3 3t
FIEBHEM ( xxs, n=3)
Table 1 Effect of 6-hydroxydopamine on relative expression
level of CaMKII activity and Cavl.3 expression in
neurons ( X +s,n=3)

Fiilh==v Cav1.3/ p-CaMKII/
ZH 5
(umol-L 7™ GAPDH CaMKII
X HE — 1.45+0.12 1.7940.14
6-F23E % B 100 2.414+0.15" 3.0840.10"

ExiiaatE: "P<0.05
“P < 0.05 vs control group
2.2 6-REZERX Cavl.3-CaMKIl E&ETHK
A
6-¥ 23 % AL PR Cavl.3-CaMKII 514
WRAEILE 2. RER, 6-FELERGHEA
Cavl.3-CaMKIl E&AR/K T & E T A, WA
bz s B A gt #E L (P<0.05), 55k 2.
2.3 6-BREZERX CaMKII FY5 Cavl.3 HISLH
6-¥2 3 % B AL PRI CaMKII X Cavl.3 [
HWILKE 3. & RER, 6-BELERGHA
p-CaMKII HI Cavl.3 7K~V & 2w T X 4l (P<
0.05), 1M KN ReBH RG] 6-F2 52 Bk 5l &
p-CaMKII A1 Cavl.3 ¥4/n, MAHLEERAA ST
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223N (P<<0.05), 58103 3.

IP: Cavl.3 245 % 10°
— — 5010
IB: CaMKII
pagit 6-F6 5% L% 100 pmol !

2 6-#EEZEEEX Cavl.3-CaMKIl E A RAIEN
Fig. 2 Effect of 6-hydroxydopamine on complex formation of
Cavl.3-CaMKII in neurons

% 2 6-BREZBREXMEZT Cavl.3-CaMKIl EEWIFMK
980 ( X +s, n=23)
Table 2 Effect of 6-hydroxydopamine on complex formation
of Cav1.3-CaMKII in neurons ( X +s,n=3 )

24 6-REZBRINARENRZERMETHE
ETHIF N

siCav1.3 f il 25 3 WL 1K 4. 45 B R, SiCavl.3
AEdm 50% LA E Cavl.3 ik, #] Cavl.3 fi
CaMKII, Ae3manfuig i, g 6-F2 % s i
AR, AR ZER BAgIHERE X (P<
0.05), ZiRMW%K 4~6.

245 X 10°

Cavl.3

| ——

GAPDH 37X10°

SCR SiCav1.3
4 siCavl.3 BUBHIRIZIE R
Fig. 4 SiCavl.3 knockout expression
# 4 SiRNA BRI, Cavl.3 % Cavl.3 FIAHIEM( x +5,n=6)
Table 4 Effect of sSiRNA Cavl.3 on the expression of Cavl.3
(X%s5,n=6)

4151 F5/(umol-L ™) Cavl.3/CaMKII
o He — 0.58+0.10
6-F2 5k 2 % 100 0.31+0.11"
5xIEA L "P<0.05
“P < 0.05 vs control group
G- L - + - +
KN93 - - + +
P-CAMKI| s S—  a— s 50 < 10°
CaMKII 50X 10°
Cavl3 245x10°
GAPDH . . <. we— 3| % 10°

E 3 CaMKIl BENS 6-REZERMETI Cavl.3 &
;A

Fig. 3 Effect of 6-hydroxydopamine neurons on the expression
of Cavl.3 by CaMKII regulation

& 3 CaMKIl iFiEN S 6-REZBRME T Cavl3 &
KEIEN (X s, n=3)
Table 3 Effect of 6-hydroxydopamine neurons on the expression
of Cav1.3 by CaMKI|I regulation ( X +s,n=3)

ZH 5 F & /(nmol-L™Y) Cav1.3/GAPDH
SCR — 1.2940.11
siCavl.3 60 0.57+0.06"

15 SCR #41E#: "P<0.05
“P < 0.05 vs SCR group
&5 MR Cavl3 Xf 6-#2E% B EEAIMAEZE RIS
( X#+s, n=6)
Table 5 Effect of siRNA on cell death induced by 6-hydrox
ydopamine ( X +s,n=6 )

451 e YU AEAE %

POty — 100.00+12.36

6-F2 5 2 EL % 100 pmol-L ! 54.61+12.41"

siCavl.3 60 nmol-L™* 86.34+11.82

6-'% EZEK+ 100 umol~L_i+ 20.18--10.34
siCavl.3 60 nmol-L

SX AL P<0.05
“P < 0.05 vs control group
6 NEH CaMKIIGEMEST 6-F2E 2 EIR S| AT TH
0 ( X+s, n=6)

5 Failk=v] Cav1.3/ CaMKII/ Table 6 Effect of inhibition activation of CaMKII on cell
I:II —
- (umol'L™")  GAPDH p-CaMKII death induced by 6-hydrox ydopamine ( X %s, n = 6)
byl — 1384041 1.5340.15 A il A AEAT 1%
\ \ . . ot HEL — 100.00+16.09
6- 72 % 100 2.484+0.15 2.48+0.11 | i .
o 6-FA M % 100 pmol L™ 45.38+11.34
KN 10 1424016 1.61+0.11 KN 10 nmol-L ™ 94.61+13.46
"™ i +012" 1011* 100 pmol- L™+
6-FELZEM+KN  100+10 1.35+0.12% 1.57+0.11 pmo 80.23+11.72

5xtR4LE: P<0.05; 5 6-F% BRI *P<0.05
“P < 0.05 vs control group; “P < 0.05 vs 6-hydroxydopamine group;

2L iz
6-HESEEA+KN 10 nmol-L !

SaHBALLLE: "P<0.05
“P < 0.05 vs control group
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3 it

CaMKIl J7iZRE T HRME /g, HFET
TN w gl EM, caMKI BT 5 2 FhR
fish B 1A ELAE SR AT IR e (W ThRE AR IE, 7R
R 38 R () B s R TBURI: 34 5 ik w948 i vy 1
YA, JT, BFREdEEY CaMKIlL 52 Fiihss
Gip, AR R R o B B A ok
e K,

WA AR 5 2 RS R ARG, BRI 2
B R 2 B ERE M 2 TR AT MRS, I RREL
R B IR AU T W . WS KA
KIE S Ca FaS e, BTl Ca® Fas ok
)2 40 Ca® I8 i AT FE (R 2 A5 F 9T B
FEME G AR 590 S MG ) Cavl.3 Y L A Ca®* il
i mMRNA KBTS E, ghsh, HFE LN
AR IRV B 2 & n R fih s, B2
EL KT A, B R IR s H B M B 2 2
JE iR o W4 AR R I R R Sl ) % 2k 5 Sk
Cav1.3 [R5 AR I\ Cavad.3 B4 71 AT 2 st 58
fiuh = S A L DO, A F o B AR AR £ B R
h R AR AR AR 2 TEAEAEAEAE Cavd.3 i s .,
DL g5 5RARoR Cavl.3 25 2ih & 4800 F W kom
EELAARAE F AL A B A

W78 R B CaMKIIL EA5 1 Cavl.3 FIYERT, it
4 CaMKII BEF5 Cavl.3 4515 S N sz, 5
MR RIE. CaMKII fg% 5 Cavl.3 TE I &4,
MITEEI Cavl.3 FINE 1 LA K Cavl.3 /-5 Ca™* A
WA, BT R Cavl.3 #5E CaMKII, A&
CaMKI B PSS E, AT A% h % %
7 CREB I3, Smi— eIt ] (1 a1,

Cavl.3 e sn b H E AT E FiliE, MK
Yl Cavl.3 5B\ 2 ERAPE T H R M AL
A REAT Sy p = A1), Cava .3 T B i o
(1) CaMKIl, JEMSE G, FHBRILEH CaMKII,
Frimid CaMKII {5 SimBeK: Ca® e ANt . AT
FRIL CaKMIN [ T A1615 5 1 D)Ee, EHA BHE
WY Cavd.3 WETERIVEH - KEWFFT SR04 205
RAESMT P Ca® Fads KA. 1 ELRIF 78K By
SR eH CaMKII AT Cavl.3 I
RE T . ARSI TE T 6-F2 2L 2 B Ab 38
RZ B2 7ot Cavl.3 f1 CaMKII )25 FI T BE
L, %% Cavl.3 /& 7552 CaMKIl T, DLW
1E 6-¥2 4k 2 [ i A 38 J5AR 22 B e v 42 T 4 M 45 4

FIVER], J9lE B Cavl.3 F1 CaMKII 12 M4 2595 &
RIS .

AW R TR, 6-F25 % BB AR IFAR
Z AR £ ey, Cavl.3 RIAF CaMKII it 7
m, GRS AT LA AL, $EoR Cavl.3
CaMKIl FTREZ 53 6-2 A 2 B S 240 e tiifs
H1, IO CaMKII il 75) KN R FEAIC 6-32 5 2 (i
gl Cavl.3 FikThm, #iW CaMKII AJATS 6-
REL MRS R Cavl.3 Fik kA . S HLyiiE
SRR, 6-EEZ e i Cavl.3-CaMKIl &
SR, 8 CaMKIL A] RE EL#% T Cavl.3 i
P 308 CaMKII F1 Cavad.3 i PE AT B0 6-52 %2 2
e b2 fE A yE v, U8 CaMKIIL A Cavl.3 7 6-
P I 2 B S B A M A5 4 2 B g A (A
H, (B4R ER, #H] CaMKII AT Cavl.3 jiHH A
Re Tt AT M TE, ATRENLEE 6-FR i 2 LT
4R M5 3 5 CaMKIIL A1 Cavl.3 A%, ibH
FAHLEZ 5, an A 45 B i R S
(¥ Ca* Ra s et

g LRTIR, 6-FRHEE AL KRR A 2 L%
FhZE e 5] R4 AR 545 5 Cavl.3 Fl CaMKII R IA A
WA DS, CaMKII L5 Cavl.3 R E A1k
SKREHETT Cavl.3 FILhRE. # Cavl.3 A CaMKII
Al 6-F2 5 2 I PR A B A . At Ui I
PR CaMKII fil Cavl.3 7E 6- AL H S 2 ®
Jerh e R IVE R, ik — B8R CaMKII
Cavl.3 TEMA&FRM KW fER, BLAMAE AR 1)
BT RS,

SEE

[1] Giese K P, Fedorov N B, Filipkowski R K, et al.
Autophosphorylation at Thr286 of the alpha calcium-
calmodulin kinase Il in LTP and learning [J]. Science,
1998, 279(5352): 870-873.

[2] Silva AJ, Paylor R, Wehner J M, et al. Impaired spatial
learning in alpha-calcium-calmodulin kinase Il mutant
mice [J]. Science, 1992, 257(5067): 206-211.

[3] Picconi B, Gardoni F, Centonze D, et al. Abnormal
Ca?*-calmodulin-dependent protein kinase 1l function
mediates synaptic and motor deficits in experimental
parkinsonism [J]. J Neurosci, 2004, 24(23): 5283-5291.

[4] Masoudi N, Ibanez-Cruceyra P, Offenburger S L, et al.
Tetraspanin (TSP-17) protects dopaminergic neurons
against 6-OHDA-induced neurodegeneration in C.
elegans [J]. PLoS Genet, 2014, 10(12): e1004767.



LR L Y-S

Drugs & Clinic

EME HoW

201942 A * 291

5]

[6]

[7]

(8]

4]

Neves K R, Jr N H, Leal L K, et al. Pentoxifylline
neuroprotective effects are possibly related to its anti-
inflammatory and TNF-Alpha inhibitory properties, in the
6-OHDA model of Parkinson's Disease [J]. Parkinsons
Dis, 2015, 2015(21): 108179.

Chen L, Cheng L, Wei X, et al. Tetramethylpyrazine
analogue CXC195 protects against dopaminergic neuronal
apoptosis via activation of PI3K/Akt/GSK3[ signaling
pathway in 6-OHDA-induced Parkinson's Disease mice [J].
Neurochem Res, 2017, 42(4): 1141-1150.

Park H J, Zhao T T, Lee K S, et al. Effects of (-)-sesamin
on 6-hydroxydopamine-induced neurotoxicity in PC12
cells and dopaminergic neuronal cells of parkinson's disease
rat models [J]. Neurochem Int, 2015, 83-84: 19-27.

Min D, Guo F, Zhu S, et al. The alterations of Ca?'/
calmodulin/CaMKII/CaV1.2 signaling in experimental
models of Alzheimer’s disease and vascular dementia [J].
Neurosci Lett, 2013(538): 60-65.

Hurley M J, Gentleman S M, Dexter D T. Calcium CaV1
channel subtype mRNA expression in Parkinson’s disease
examined by in situ hybridization [J]. J Mol Neurosci,
2015, 55(3): 715-724.

[10] Soderstrom K E, O’Malley J A, Levine N D, et al. Impact

[11]

[12]

[13]

[14]

[15]

of dendritic spine preservation in medium spiny neurons
on dopamine graft efficacy and the expression of dyskinesias
in parkinsonian rats [J]. Eur J Neurosci, 2010, 31(3): 478-
490.

Chan C S, Gertler T S, Surmeier D J. A molecular basis
for the increased vulnerability of substantia nigra dopamine
neurons in aging and Parkinson’s disease [J]. Mov Disord,
2010, 25(Suppl 1): S63-70.

Jenkins M A, Christel C J, Jiao Y, et al. Ca2+-dependent
facilitation of Cav1.3 Ca*" channels by densin and Ca?'/
calmodulin-dependent protein kinase Il [J]. J Neurosci,
2010, 30(15): 5125-5135.

Ma H, Cohen S, Li B, et al. Exploring the dominant role
of Cavl channels in signalling to the nucleus [J]. Biosci
Rep, 2012, 33(1): 97-101.

Chan C S, Guzman J N, llijic E, et al. “Rejuvenation”
protects neurons in mouse models of Parkinson’s disease
[J]. Nature, 2007, 447(7148): 1081-1086.
Sinnegger-Brauns M J, Hetzenauer A, Huber I G, et al.
Isoform-specific regulation of mood behavior and
pancreatic B cell and cardiovascular function by L-type
Ca?* channels [J]. J Clin Invest, 2004, 113(10): 1430-
1439.



