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Effect of Bushen Huoxue Recipe on Inhibiting a-synuclein Aggregation in Parkinson’s Disease
Model Mice Based on Autophagy LUAN Zhen-xian, CHEN Ying-fan, QIN Li, LI Shao-dan, and
YANG Ming-hui Chinese Medicine Hospital, First Medical Center, General Hospital of the PLA, Beijing
(100089)

ABSTRACT Objective To observe the effect of Bushen Huoxue Recipe (BSHXR) on inhibiting
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine ( MPTP)-induced «-synuclein ( a-syn) aggregation in Par-
kinson’s disease (PD) model mice. Methods Totally 36 male C57/BL mice were randomly divided into a
blank group, a model group, and a traditional Chinese medicine (TCM) group, 12 in each group. A mouse
model of subacute PD was prepared by intraperitoneal injection of MPTP. After successful modeling, mice
in the TCM group were administered with BSHXR by gastrogavage for 14 consecutive days. Equal volume
of normal saline (NS) was administered to mice in the blank group and the model group by gastrogavage
for 14 consecutive days. The immunohistochemical method was used to detect the positive expression of
tyrosine hydroxylase (TH) and a-syn in the brain substantia of each group of mice, and the expressions
of Lamp2a, Hsc70, and a-syn in the brain substantia were detected by Western Blot. Results
Compared with the blank group, obvious PD syndrome characteristics occurred in mice of the model group,
and their behavioral scores significantly increased ( P<0.01). Compared with the model group, the PD symp-
toms of the mice in the TCM group were attenuated, and their behavioral scores significantly decreased
(P<0.01). The positive expressions of TH and a-syn in the model group were significantly lower than those
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in the blank group (P<0.01). The positive expressions of TH and a-syn in the TCM group were significantly

higher than those in the model group ( P<0.01). Compared with the blank group, the expression levels of

Lamp2a, Hsc70, and a-syn in the model group significantly increased ( P<0.01), and the expression levels

of TH in the model group significantly decreased ( P<0.01). Compared with the model group, the expression

levels of Lamp2a, Hsc70, and TH significantly increased ( P<0.01), and the expression level of a-syn signif-

icantly decreased ( P<0.01) in the TCM group. Conclusion BSHXR inhibited the aggregation of a-syn in the

substantia nigra of PD mice by up-regulating the levels of Lamp2a and Hsc70, and further enhancing molec-

ular chaperone-mediated autophagy, thereby inhibiting the apoptosis of dopaminergic neurons.

KEYWORDS Bushen Huoxue Recipe; Parkinson'’s disease; autophagy; molecular chaperone-media-

ted autophagy

W4 A% (Parkinson’s disease, PD) f&—F#
DA IR PERR B U5 3 SIS S S b s
T E IR R I FEAT R 2B AT S . PD
AL ELRRAE 2 B Z L (dopamine, DA) fig
P TTAS M R R IR 228 T F 0K PN VB TR P 6 TR A B8 2 /)
& (Lewy body, LB) MIEM ",

a-R % EH (a-synuclein,a-syn) & LB iy 3
B, o PD A8 i B b () E S Y, BFSEIE
B, a-syn 1 5 47 28 TR ik B 3 2 0 005 DA BER 22
JUHY FEEHLH Z — 30 S R T a-syn B4R
RATRESE iR PD I — D REEE 2% P EHEN S
A H % ( chaperone-mediated autophagy, CMA)
EEZA TS a-syn B, 5 PD A %I
KFR ., AW B VRS R AT a-syn B T E0fE 4
MOZET, T b e AT DA i a-syn B R AR DL S A
Mk K PR TE R PR 1 70 (heat shock cog-
nate 70, Hsc70) i Mg R AH C B & H 2A (lyso-
some-associated membrane protein type-2a,
Lamp2a) /& CMA By 1°

ANEFI L7 2R S BE B s B 2 B AR YR 2 4R i
PRSI FIING PR S e S 25 TR 7 A S A 1 56 5 AR
FSEMEANE 15 1M 7% 1-H 3 4-80E-1,2, 3, 6-PU S Mk i
(1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine,
MPTP) if5'3:1% PD BifY/NR BT A Lamp2a Hsc70 a-
syn FERRYEEI, 0TS I M 75 Biih PD /R R AILHI,
il ATz FANER 73697 PD AR5 KA .

B 7%

1 ¥ SPF Zfdi M C57/BL /R 36 H,
AT 18~207g, W F 1 E A A A 235 B 2 2
BEs 86 shy) oo [F AT HE 5 . SCXK (50) 2014 -
0004 1. ¥t 36 H /N FGE b MR R 1, s s = i
(22+1)°C , AHXF IR 30% ~60% , SPF 2%, & % 50

12 h,/NERAT A R K, SEm ot s i b By
N R RS NIERE A I ES Y S 28 v N R P S i
TR TE R .

2 FERH ML EE MPTP (MCE A+, it 5.
HY-15608) , At ¥t TH (4t 25859-1-AP) , S ¥t -
syn(#it 5. 10842 - 1-AP) , Lamp2a #i 1A (4t 5. bs-
2379R) .Hsc70 Hiik (5. 10654-1-AP) | B-actin $ii
& (5. GB11001 ) (I FELE /R A WIRHEA R A HD) o
R (dbmi e/ wl L, #45.711111080000) , Tr-
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(RIS 555 .G2019) , B FRF (g
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FFEEE, BNk ] BT A AT T, 1o s B Ja] .
/NETF 68 B B 58 A5 S Sk ) R BB [R]FD R BT
FAERF TR 2Z 0 3000 2 /)N BRUTC AT Bt [ iy S 2047 ICAT I 25
SRJE P AT OE SR DU, SRR I 5 Uk, R Uk I [a] BR
1 min, BCFHME,

7 ALV B M 7k X ET A /N R T
FREE, LKA S EE (0.01 mL/g) FEEE /DL, FREE G
/N BT M, BT A0 B A BRER K IR 220 %
TR AEVK T b5 2545 2R T, KA 2/ B i 28 5
HA 1/2 F 4% Z R PR E 10 h J5, /E A e
YR VIR RE 5~6 pm, H TR WE; 5 —FH
DAL AR R, SR I B AR A S 78 VR AT
BT -80 C kA IRAE LA

8 A REL AL A I P o 1 R FE AL I (tyrosine
hydroxylase, TH) .a-syn FHPEFEL ¥ b ok
A7 LA AR R VTR ARV R T - 2R I -
ToK CBE T -ToK 28 T -95% T+ — 90% VE K5 - 80%
TAE-70% 9K , 2R 5 AZRIB/KIZ I 2 min, SRR
HATHURIE S s FHZE IR ACHT B 1Y 3% H, 0, T T
Yl 4123 1 DL RH Wy 9 5 1 o S Ak W g, PBS ok 3
WA 3 min i—3H T 4 CIBAhIEE 10 hyin—
$1,37 CWEE 20 min, PBS k) i 3 Kk, B
3 min; it DAB (4% ,Harris JR R Z & Yy, SR ik
B TE R AU T UEE, RERIR,

K 4l A G T % BE (areal density ) 537 7
X AL AL 45 Rtk 4743 M, N Image-Pro Plus
6. O B IBORH [] 1) A v €/ Sy 1 8 Pl A 1R R BRPE £
G, SRR IR R - T 4 A th Ak R BE M A 2R
FUEE (A (10D) LA KA 4L R HI L (pixel area)
F-3K H 1 % ¥ (areal density ) , areal density =10D/
pixel area,areal density {iif & & BH BH I e 1k 7K - i
o R NRRK DI B HLE R ZE D 3 4> 200 540 EF
AR, FARRET FZH 2L LT | PRIUERE 5K B R (Y
RO, TR I BR T R AR EE AL BT AR R
PR AR A HA S A, R R S A — 2

9 Western Blot il Lamp2a,Hsc70,a-syn
HFRIE BRI URAETT, (1) MK BUE &
RIPA (radio immunoprecipitation assay) Zi# ik &
WAL, R RS, #5FE f HL 50 pg SR LA
ke, R B 1 43— 2 G 1) 3R TR e Tk e B S FLTK ( poly -

acrylamide gel electrophoresis ,PAGE) JitHL. 1k ., R
P ige marker WoR, HWr H B 8E& 15 2 785550 55,
PEIERYK, (2) el (B BUHBERIRYE Mark-
er YI'N B4, HZE Kok, 55 5 PAGE Bt AH
[ /N B B8 s — 8L Z 4% ( polyvinylidene fluoride,
PVDF) JEFIEAR, PVDF JIE 1] HH B S0P J5 A 4R
— [T HLFE 2 ph vh , F IR B R — 41 ZE 2R -8
YR-BEE-PVDF JR U8 AR —2F 4 48— 1 AR Ui 4y, I
SRS N 5 BRASC PN, R i 1) — TR % R R £ BB
(3) —¥H . PR AR N ) —Pe, fif PVDF =il
T—hIEEW T ,4 CHEEF 10 h, (4) ZHi. TBST
(tris buffered saline tween) 2% ¥ 3t 73 19E 4 PVDF
B 5~6 X ,5 min/ik, F 3 AR B AH I AR R 2ot 4
{1k (horse radish peroxidase, HRP) #ric —Hi—
1:50 000 # %, fff PVDF iR TF gt , =
IR MEE 2 h, (5) W EEEG, TBST 74 vk
PVDF Jii 5~6 X ,5 min/ik, 5K B inid i (4 fh
&6 ik 7] £ ( Electro-Chemi-Luminescence,
ECL) ISV, 2 & Boroh . Rl BB , B4R
Wk Z RIS, 7 AR EERE X OB R R Ja Rk
A BRI B ERRER, R Alpha Innotech
IREE S AT BT 3 e v AR BE {45t Lamp2a Hsc70
a-syn 5 B-action ARG REE

10 Seit2aJrik >RH SPSS 17.0 MG it2# 5K
P T B AL B, 25 R DL x+s FRow, 4] LR H
One- Way ANOVA /¥t , 4k SNK- g Ki%:, P<0. 05
RHESARIFE L,

& =R

1 BH/NRAT AR R (1) il e
FFEF a2 20 W AE K ( P<0.01) ; F 24 26 TeFT st
(BRI 2H B 25 4598 (P<0.01)

1 FUANBATNFITN L (X£8)

41 n JEAFHFTE] ()
(S| 12 6.33+0. 61
A 12 20.82+1.05"
Tzl 12 12.07+1.24*°

0 52 U A, ¢ P<0. 01; S5 8IRIZ ek, & P<0. 01

2 AR TH FHPERS R (1,3 2)

25 I ALRBURS TH YRS 2o H e B S 4E
IEH R /N BB TH PH MR 2o B b, H
M S CBTIR , SRR AN 1 T 5 TP 28 AL/ U T
TH FPEsh 2 oc H I B B R A 2 S AL
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B BARU L B RRER TH BH % 22 oo B H B s /b ( P<
0.01) ; 2G4 R TH FHPE M2 ek H B 8 & 4
RIZH (P<0.01),

3 HBHA/NFIBIE a-syn AMERIELE(F 2,5
2)  HEARYE T a-syn PV (0 AR A%
25 2/ R B R TG I I -syn R4 ; AL AU 21 /N B,
TN AT LA 2 a-syn BHE SR 4 ;o 2 21 /) BB
a-syn PHM: R ER D

52 A U SR BB a-syn &R IR
WEEAL(P<0.01) ; H 252 BT a-syn & 1381k B
B FRAILL (P<0.01)

Al B] & @

A A FA B IR, C O 24 18 2 Al 1 P A
MWk TH BHPER R
B Ad4/DEURET TH KB (R dlg @, x200)

AN kR .
N e

SRl el e e

L E PR A AN a-syn BHPEFRIR
B2 HKA/NEEBEN a-syn ik
(e difeiefa ,x200)

F2 HUAUNEEFHN TH. a-syn THEEHE  (Xxs)
ZH 5 n TH a-Syn

= 12 0.011 1+0.001 9 0. 005 4+0.001 2
P 12 0.002 9+0.001 9" 0.010 5+0.001 1*
2y 12 0.008 8+0.001 2"~ 0.007 8+0.001 5%

TE S A g, T P<0. 01 SHERZE Ak, © P<O0. 01

4 H4U/NREE N Lamp2a Hsc70  a-syn 4
FORAEL (K 3,E13) 5 A A, BRI /N REUR
JiiN Lamp2a Hsc70 ik B # = (P<0.01),a-syn
FERHENN (P<0.01) ; SAARI LLA:, 24l Lamp2a,

*3 K4/ Lamp2a .Hsc70 . a-Syn.,
THEHAFEIALLB  (Xxxs)

45 n Lamp2a HSC70 a-Syn TH

ZH 12 0.03:0.02  0.65:0.05  0.43:0.10  0.79:0.12
BiAl 12 .0.27:0.01* 0.96:0.01* 0.88:0.19*  0.42+0.03"
gy 1277 0.87+0.10* 2 1.09+0.01470.46+0.06 > 0.73:0.08"*

s A, P<0.01; SEAE L, 2 P<0.01

Lamp2 ——— 56 kD
- —_—

HSC70 e e e gueeame 70 kD
Alpha-Synuclein s v mems o .. 14kD
TH - o woe e e s 60 kD

Actin "o e oEr SER e - /> KD

LA \\“% \\"& "& ”‘%’
B I

B3 KAH/NEEFN Lamp2a, Hsc70,
a-syn & H KB HIKE

Hsc70 ik B #F 75 (P<0.01), H a-syn #£ik i3
FEfik (P<0.01),

W’

PD J& TH B2 < BIE” “ Wi R (s, FAE(H
Y BVAE MG, (&R - BEBERIB)H . “TE K
WAL, BB T, WA — 2 (RK L 3R) BRI
WAL S BRPRAE ", B R AT R S an
HEZAR, 5 Bk RS, W B REAT 4, Mz St '®)
Ty B CUE A HE4R ) 2 DL R JUIR YT AR R
B0 B PAREE 2 PD WFSE I H 25 IR A, 244
2= XA A RO AL IR YT FHZS HEAT T K T, B
157 — 52 W R, X M OBt B R R %O H
AT, S LR i B AR XL IR YT PD A JEL 4
FEF,INIHE] PD Jik (v 7E il , PD 3% 2 558 DA fedf
Zoti A S BRI AR A R N2 i R 23T
4 1 sRARA PD B9 DA RERIZETC, IR DA 4%
W, T AS oy B2l 2 A R AR

FELMEIG IR 5 BRI 5T, A DR 2 AR 9 v 2%
B AR SC R BRSNS PD B SR S 7 1 ki, He b BE s L
LB R A A I BEL TG 4% R B, B R R R
FAGRHL R T B BRI IR IR, KA TR
VBB 75 M, A KR 37 5 B o 400, B R e i bk
VHETRL SN PN 47, JUDHRE I X LA FE TR AR , ORI 24 LARR
B oA E

HE PD B I 1) B A B, 7 B 25 042 ) il
TIRYT PD ML AN B TG Ly, 2 247 I PRS2 BB
BT AR [ A B AR LA RN R B, AR D e R OREE L1
ZBE CMIH JNE AT A BT RIS AL, T L
PIACRE AL 2R 8 R 7 A B JEORS | T B HE B, 90 v b 4
RN B R A S AT ML, S LAY IT I ARAT A B 39 I
B, DA Bl ot s | AT s I 24 e 5]
IRFIEBRIVERT . KB alife (B R PSP %) TR
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W, WA R, A, IRz B R R UM
AN, 35 2 A8 P28, R 2R L] TR R 20 B
A7 VO RN 33 1 5 LA SR 22 5 Ay i BCHCA 5330 4%
2R IBIT A RS AR ML

AN I I AR e 2R Y, O R 2
RSy 2 C A BRI IE S PD 2 EIFER.
UNE A 5T 2 W AR S A 3050 % DA R 2800
BAGPEAT, BXF PD B 0K R A AT AR
FHU® AT 2 H B I s v il 3 o 40 i S0P B 05 Fn 4
HL T % MPTP % 5: 9 PD /)y BRU& #5 b & (5 9 1
FHUSY ) Enve R SIS 6- OHDA %5 PC12 41
ffs PD {RAME R ELA LR VE T L FH S 09 SR o
FEE A 7 G 1 5l 55 P9 5 9 7 38 52 R ok ik 4% PD
BERIK R DA B &on i 2 . DI R 20
J15 25 VAT B B i3 MPTP BREH/INEL PD ALy
B AT, R REXT MPTP 512 A9 DA #1445
PR YER A BN BA USRS B- A12E ik BERE I
PD K BUIK P [ W A 72

AR A WEAE B 52 26 W, I TAG 3 JFF D 5 36 1ty 3
J7 PD REA %5 PD BE WL, oo Haz sh o g, 4%
f LI RRE IR, B R AR TG R Y BRAEsh Y se g R
B NI I AT AT DA A S TH G, 1
JOT DX 4 AL R - AR 2 8 T B, SRS R T A0 i 2D, 4R
PRI S T U 559 , o 207 3 DR 3 2 AR g gk
JE 1 5 MPTP 95 2 IR Sk PD /N FRBSLAL 2T
YRR IR WS, LA PD RS IR FH AN B 1% 1
RIT A FIR SRR 14 KA A7 R, K] ilia
SRERFTE AR A — 2 %, I e AT )
HRZG /N BT AN B G I R ST, R A A5/ BRI
A SR M2 T 4E PD BE A H RS
TSI ATRRE, ELES 14 KX, T PD BEIRIKE
SEMRZG 14 Ko 1 ADITPRRET R A5 A IR RS PR, B
RN 220/ N AR ASE R T I H B A 5 B O e 75 6 e
R PD REMERE, TCHFSL 56 B A [R]85 2 1 40N B 3
B R ATEIR 22, 5 PD WG R IE— B, &%
JELH AL AN e PR, AR 40 AN rh 25 40 /N BRI R BN TH FH
PR A ZS AL/ B 3 b (P<0. 01) |, 3R HH %8t
TIRE BT HIAEALL PD (4947 N AR BRAFAE

a-syn EFRE PD RIS REPHEZE K,
Bk R, A BER T a-syn 725 DA 4
Y6 i ORGP A M T LA A L 7R A M s 1Y
THOLT ya-syn AERERRIPLI T, (HFEE & AR
B S SR AR DURR, 2R AR 2351407 , B 1 40 i BT
HRAZ (T P, ) 2 S B N R B Ay B, B

AR AU SE T VR . B B 00 S S SR RNTIT
B, 2R A8 2 53405 , % TR R 40 L R AR 37 B Y L,
O VIR B N BB S BT 38 I, 1 Hh A
YRS HEIRFE VR 3X 9 & PD i G 3500 A
w2z

1E PD R E R Bl LB 1 EE ST a-syn
B 5EH RAE PR A M2 d M A 52 R IK, a-syn BYZE
SR BEIE I 240 A 17 308 2551 £ 32 40 B PR G S 1) R
IS 2 ST i R o A S = S T VNS o @
Caspase R4, i X 5 2 DA feth & o iy 28 IR
FE2E0 RS SR R R 22 MPTP A R I,/
SRR RN a-syn FHMEMZCEUE 5 a-syn %
R A W (P<0.01) . & 4MNE IS LTS
BITIE PN RN a-syn FHPER 20080
5 a-syn M FIRBAAIA B EFEAL(P<0.01) , 4
ZNANE T 17 e I ] a-syn BEERAXT PD KRR
JTYEM .

CMA BRI 25 a-syn MR Hsc70
K Lamp2a J& H (1 65 4y 75 AR5 /N2
MPTP 345 | LR 3B R a-syn PHAE R 2 o0 5
Lamp2a Hsc70 a-syn & RS H 4L W53 w5
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REMZETT, 25 LTk, A SEOn 25 R SR AN B U 1 73R
JrRERITE CMA , n] 3 i {2 ¢ Hsc70 & Lamp2a fY 5%
RKAME a-syn FLH, R4 2 D RERE M 20T, &
Xt PD WIBITAEM

MR I,
& % x o

(1] hEEEES M EG2 5 S I0 4 AR B8 sl e 4. o
FEIAESFRRIAIF TR (5 =) [J]. PR Lk,
2014, 47(6) ; 428-432.

(2] RAR%&, 50, B WS AR 17 M 28 0 BiF 53 3 e
[J]. WARMELGEZ, 2011, 7 (6) . 174-175.

[3] WmeMy, Zout, Db 5. AWELEM &R &L LR
BIERLJ]. ek, 2015, 25 (1) ; 73<77.

[4] Shintani T, Klionsky DJ. Autophagy in health and

disease.a double-edged sword<[J ]. Science,



o [ P E 2 A 24k 2020 4F 5 H 45 40 3555 5 1 CJITWM, May 2020, Vol. 40, No.5 - 607 -

(5]

2004, 306 (5698): 990-995.

Morsell E, Marino G, Bennetzen MV, et al. Spermi-
dine and reveratrol induce autophagy by distinct
pathways converging on the acetylproteome[J]. J
Cell Biol, 2011, 192(4) . 615-629.

BEIFRH, ARIEWR, BKSCH, 5. MPTP i S/ BUIA 42 2%
S 7 P AR T N AR T 1 LB [ U ] rh B AR A O
&, 2017, 37(1): 4-6.

THTIR T2 . BErsh e dr k(M. dest. AR TA
HRRAL, 1986 11

Bl - Ph—Z. SR ZLER[M]. dE st AR IR i,
1986: 1125

Bl - B s AR MES [ M ] dE et AR ITUE H i,
1991, 435-437, 578-580.

T, oy, STAGR, . WA AR I D R 2R YT
[J]. dbaiBEZs, 2008, 27(4) ;. 300-302.

SRR . MRS SR ME AR R EE[J]. T E
PR ESE A ik, 2007, 27(9) ; 775-776.
BAARG, ASOR. W04 20 D S BHIE L HR
BEZjim R e, 2019, 31(2) . 378-381.

Wi, BERE, RS, 55, a0 B IRTT BUIR >
Pr Bk J ], hE R 25 4k, 2019, 16(35) .
44-47.

WWsy, 280, STAGR, . MBS A TT 0 4 AR
MBS R [ J]. B Bl B2 2 2k A, 2009, 15
(11) . 812-814.

2T, TSy, ORI, a0 B R LR 0 6 s 1
AGFHLLI ], e 224k, 2008, 27(9) . 768-771.

H kAl EERDSVER - P M AR W
JeBlfF A L, 1990 135-137.

IR, AHIBT, XU, S, PR X M 40 20 A 28 K il
PI3K Akt Bcl-2 Bax tEHRB A [J]. LGP =
ZyRefsA, 2019, 31(1) . 83-86.

FH . PRI AR A0RE 530 6 7 E) 46 8% s (58 8 14 ik DR BIF 5%
[D]. Bat: MathEEZi R, 2016.

R, M, 2. ~TATHRA I MPTP 5

1.

[22]

[25]

A AR BRL/IN BRI [ J ] v [ S ) A R
&, 2019, 25(13): 15-21.
BRI, oAl REEPE, & HIATESNEN 6- R Uk
755 PC12 4L 4: AR SIRT1 223k M 4t o 7
s [ J ] RO i (B4R , 2011, 32(4) -
436-439.
HUBTLL, fR 3, AT FFSE IA X065 B0 K 2
LR REMZTTRPERI[J ] 72, 2018, 41(3):
303-306.
EFPE, AR, BRICWL N 28 JR BIOM 08 6 AR /b L2
L ep 2 oei s M DR VR LR B 98 [0 . i E b 2y
Zui, 2009, 34(19) . 2494-2497.
TRTE. AT ESH AT B S B X I <5 AR e 15 AL K BRLVE
B EENLRIBEZE[ D], M, TN TEZ R, 2014,
W2y, 280, SEAGR, & R BT 0 AORL X A 4 AR
BEBIIIREM . 2. FEHL US| 22 7R X i
FoE[J]. higELS G244, 2010, 8 (3) . 231-237.
AR, ZAE, XU, A ANE TR ORI I 4 2R
FERIK S AN SOIRAAR T Fas \FADD ik sgmi[ J].
dbairhEE2l, 2015, 34(5) : 405-408+425.
ERE, AN, T8, NSRRI Y TR
R[] BEZ T, 2019, 35(18) . 2849-2852.
faf—Hr, EIE, TEHIK, & EMZE DR T o-syn
RAERAFRHLEI OFFELJ ], b S M2 PR 208,
2016, 19(4) . 77-79.
PO, R E, R, % R EA S5 4E RN
[J]. B/RIEEZY, 2011, 31 (4) : 293-295.
Goedert M. Alpha-synuclein and neurodegenera-
tive diseases[ J]. Nat Rev Neurosci, 2001, 2(7):
492-501.
XUREK, ABnfR, GLEAR, 5. o A% S Al 1 A B MRTE
AR TP AOPEI [ ], P R R pl 22 Rk, 2010, 18
(1) : 103-106.

(ks : 2019-12-11

s

TE4E . 2020-03-20)
AL . MR
JESCT G . oK A



