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HBE . B A3NRZESHZRSI B— w8+ ELF (TEN) 3 APP/PS1 s F ) &
RS BENUEE 3— B (PI3K ) / & 985 B (Akt) / #EREREH 38 (GSK-3B ) 2 5@ ayifds, Kitid
EAGE I RE SRR R (AD) $9EAMR L, Fik K 3 A8 APP/PS1 AL R MRy AR HEr % Ak
F4m (033 mg/kg - d). B— @@FB +TENAK, PA & A F4 185, 37.0 2 74.0 mg/ (kg-d) |, & F A%
C57BL/6 R A= G 3T BB, KA Morris K B ik Aot MR R 5] 5 el N R F Felere B, RA>ER
JE R AR B A HALEE (SOD ), Bt ki B8 (GSH-PX ), TRALEEE (CAT) &K, AR
B (MDA) 4%, &M Western blot #9] GSK-3B . Akt, A BEBHBRAF O LL, HR B - wFEWh
F] TEN 3 3% APP/PS1 SH A W /N R eh 5 e leshfe, FEE4AEF 3 SOD. CAT #= GSH-PX #97& M, %
1k MDA 4%, # 5 Akt 09 & G &k, 374 GSK-3B a9k, it ZIAH BRSNS B— mFB +TEN 7T
@it FdE PIBK/Akt/GSK—3 B 125 i 8, F APP/PS1 A& B s KA B 545 L ARAR AR

KIEIE . B mFEE ;L ERI ; APP/PST WEEA R R 5 PI3BK/Akt/GSK—3 B 135 i 5%
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Study on protective effect of effective components of Polygala
Decoction on oxidative damage in APP/PS1
double transgenic mice*

Hai-ying Dong, Huan Cong, Jun-ping Wang, Jian Gong, Qing-yang Bai
(Pathological Diagnosis Center, Qigihar Medical University, Qiqihaer, Heilongjiang 161006, China)

Abstract: Objective To observe the regulative effect of B-asarone and Tenuigenin on the PI3K/Akt/GSK-
3B signaling pathway in APP/PS1 double transgenic mice, to explore the mechanism of Polygala Decoction in
prevention and treatment of Alzheimer’s disease. Methods Three-month-old APP/PS1 double transgenic mice
were divided into model group, Donepezil hydrochloride group (0.33 mg/kg-d), high-dose p-asarone and Tenuigenin
group, medium-does B-asarone and Tenuigenin group and low-dose -asarone and Tenuigenin group (18.5, 37.0
and 74.0 mg/kg-d). C57BL/6 mice of the same age were selected as the control group. Morris water maze test and
new object recongnition task were used to measure the spatial learning and memory ability. Spectrophotometer was
used to detect the activity of SOD, catalase (CAT) and glutathione peroxidase (GSH-PX) and the content of MDA.
Western blot was performed to evaluate the expressions of glycogen synthase kinase-3f (GSK-3p), p-GSK-3f, Akt
and p-Akt. Results B-asarone and Tenuigenin significantly ameliorated the cognitive defect of APP/PS1 double
transgenic mice, increased the activity of SOD, CAT and GSH-PX, while decreased the content of MDA, suppressed

the activation of GSK-3p and enhanced the activation of Akt. Conclusions B-asarone and Tenuigenin can inhibit
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the oxidative stress of brain tissue, and exhibit positive therapeutic effect on Alzheimer’s disease by regulating the

activity of the PI3K/Akt/GSK-3p signaling pathway.

Keywords: B-asarone; Tenuigenin; APP/PS1 double transgenic mouse; PI3K/Akt/GSK-3f signaling pathway

B[ SR D 1 BR U ( Alzheimer disease, AD) &M £
U7 ZMHZJERE ARG R, Hob A Ak
Hids” sk —P A AD AR HLH B SCHER T i =
SKCHEBMVEN, 78 AD B & A= r RN E H B4R
Qi i 2 575 A W D WS & 2 vea w2 LIV
AD BYEUR N R AL 2%, 2 Ml 2 R B
AR DM RIS A, B EIRITZYIT R
WIXE, HHRTZE i SEE FDA #EE, IR Lz M,
BT AD BYZ5WCA JLAS, (BT LP- 2 e 5 P41
M, H W r RO A B, WG FAATEE 2 N
e R, BT IR E A AR AT AD BI1HT 2
Wy FIHTT e M A — I B A 55

K Fis b BER “BRIE” 5 “PHEIRIR”
Biiif AD, ARG T BRI IERE, M T R A
TRAS, ARG TR gt i e Y, hsg
T2, ZH AR, 5 AD ZFE
R BN PRUR AR AR B2 E . o 8 - Ik
ZPEIRIT AD Iy RIBFEAG R, FHZGHR R 349%"

AW SO R TE EARBF ARG b, AT A (B
FEPF ) I (a1
BE AT ), W6 A0 Bl B A BUR o B - 4 ik
(B —asarone )5 1% & I9A RN 378 5 2 ( Tenuigenin,
TEN ) #[EVEH T APP/PS1 BUERED/INE, Z0#T B -
Z-F Tk +TEN X APP/PS1 WU B R/ SRR AR R AL 3
g ( Phosphatidylinositol 3—kinase, PI3K ) /4 A G
B( proteinkinase B, AKt )/ BEEA BT 3 B ( Glycogen
synthase kinase 33, GSK-3B ) W PR EZ I, Mk
— 2RI 35 R A A AR O 4 LR B AR T AR 7
AD F9FEHIBIL

1 #MEERE

1.1 AYMEKHF

B — A=kt R — HRHE AT BRA 4L (CAS:
00011017-T9K ), TEN Hy ¢ 5 77 A4 PR A BRA
A # Ht (CAS : JZ20160327A ), % HPLC Wl &, 4l
= 98%, ERIRZZWKFF (donepezil hydrochloride
tablets, DHT) 1 DA ( W) 2504 BR 2 A $2 43t
(CAS : C14200012042 ), #BEAYIEALEG (superoxide
dismutase, SOD ). N i (malondialdehyde, MDA ).

AL A (Catalase, CAT) FI4 e H ki & k9
it ( glutathione peroxidase, GSH-PX ) M B 5T A
A TR B 5T 4R I (CAS : 20150422, 20150423,
20150423 F1 20150417 ), Akt Fl GSK-3 B —Hi 42
[H Cell Signaling Technology N aJ) R AE (CAS - 93158,
27C10 ),

1.2 3

APP/PS1 WU LR /R (R o A W B 25 52 B
45 D000268 ), 3 Hik, 50 H, Mtk C 57BL/6) /MR,
3, 10 H, Mtk RFR TSGR BE 2R B L g B
Yyt SPF 90355 .
1.3 HEKH

F 3 7% APP/PST XU JE DX /N BRL 43 S A5 30 28
R L AWRSF 4 [0.33 mg/ (kg - d) | FIZGHik.
A1 ) AL [18.5, 37.0 A1 74.0 mg/ (kg - d), ¥
B — AMEMEA TEN #2 B8 1« 1 flfilmipk ], [ A %
C57BL/6 /NERAZS FAXTHRAL, 25 O BRADFISE A 21 2%
TR A A 3 ER 7K ( normal saline, NS )™ ,1 ¥ /d,
HEHEE 90d.
1.4 Morris 7K S+

S 255 R AT Morris 7KK B AT A, 7Kk
B —HAE 150 em, 5 60 em BUANSEHRIIE K, 7K
HhEE FRlR— AT, EREIAMEER. KEE
W —JEJCTH N 6 em x 10 em, =24 40 em A HLIE
BB DUKRE FuO SO, TERE R MEE F iR
BZR . m . P8, b4 DT AK AT . ARBAK G,
BV B e R P R R BRI B b EE 22 em &b, E
WIEAIK, AREHIZE (22+1) C, MATKE,
B EAUKEE TR 1 em, YIGMIME R
iSSP, IZGWEEEA . . 6. dba 4
T AT AR, BN BRI ) R RS, Y1 ZRI)
F& - 60 s,
141 RAHUTEE AWI5d, 4 0/d, SRR E M
BEMIZR 0] S AK AR, S5 S 10 s/ N ik s (61 5
R, BIVNREREDK NS REHE], e bkt
WRIIA TR 2 min.
142 =WREEE EMMATERSREHKT
FERER, AR — ATK SO /IS B [ i BE A K H
/NRIETCE S5 0L FHICIZTh &, R TE
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A 827 %

2 min P P50 8 IR B
143 #FRRA E KA R 60 cm x 40 cm x
80 cm, HIREEARERIIELR SR B PARE , A2
U EEEE . LED AT 4%, TERE ARG S NS P 1 5)
TR FE SRR SCIRR I AT FE 4 A aE Y L R
A 3 AN B, OGN - i3 d, BERED
BRI ARNAR N, B 10 min ; QB .
54K, B2 A58 R R IE TR A BRSO AR
WA N RTFRIGAL EEAL , SRR I B A 0 B 5 6 S 1
MIBE B 10 em, BE/NEUA A 5 min 5 @WK
M : (1P 30 min Ji5, FF— DL ORGSR/ MR
HEREBIFEFRAR, /N B RNA A, 1C5% 5 min
AN B  #  AR BP 2 6 R AE TEFROR. (T novel, TN)
LA E FIRENEYIA (T familiar, TF) MEEREF
], DA/ RS SR BE A HOM AR (9 BE B AN 5 2 em B8
FH & B U A AR TEAT o I HTA 48 4L
( recognition index, RI ) KPR W F 20 e
AR RIETN/ (TN+TF ) x 100%.
1.5 SOD. CAT #1 GSH-PX i& /1#& I K MDA
SENE

Morris 7K BRI ST AR SE I 450 5, /)N
SR 12 he T8 2 K, PRk B, fHBIZ41ZVH
WERE KA, WA g, BUh M, 7eokE:
Loy KRR AL, AP0, B, AR EVEW, H
FifFRIEATIN SOD, At EL L ZRIEAN MDA, 43606
FEVERGIN CAT, kil GSH.
1.6 Western blot #&ill] AKt, GSK-3p AR Hifg
EBHKFE

UKEE LBl S22, BYRRE T EP R, A
LA, WHEEZLR 30 min, BLOHCEW, W&
Ho i, Rd AT, W B o, W5
M, BEEFMEM S FREZ IR G AW AR TE, Ik

B, BRI IR OAEE, M 5% BIR A=Wt in
A—PUiE A, B A BRI s, W
SRS . TS IV FH Image J2x 23 BT AR A 4 BT 4545
JKEE, dlat e it LB Akt p-Akt. GSK-3B8 Al
p-GSK-3 B F XK
1.7 FitEHE

K1 SPSS16.0 3K A7 Ge it o0 M, i LAY
o+ fniEE (xxs) Fom, RABHEE 200, 7
Jr 22T A B OC LR |, PR T SNK—q 5% LSD—t i
TIPS, P <0.05 MR EAGIEE L.

2 #R

21 P-H=¥EH +TEN 3t APP/PS1 Wi E FE /I
R S)12 1288 S1RI 2 M

2.1.1  Morris Kk Fam 2R 5 5 RENMAT TR
Kol 8, 525 O BREHAR EL, BOBUEHTESS 3 R PR
PAMHE] ( residence time in the third quadrant, RTQ ). B
AR BT 15 BV ks PRI B A K 1) £ 22
AGEHEE X (P <0.05), BRI/ RTQ FIES B
B 5 U, R IRIIE I, A K ) £ )
R s SRR, ERIR 2 AR ST M) 4% 5
A RTQ . P MBRIE -5 I UCE . i i R S ATk
W A2 A EE L (P <0.05), $HhiRZ 7k
FrLL N2 45500 A 0 RTQ S B R 2 - & 1 B
K, HevE IR, AJKE I f RN, AR 1
A 1,

212 #FHHRIRA IR LR BORE S5
MREA RS, ZRAGH R (P <0.05), BB/
BRI FEAR (¢ =6.222) 5 ERIR 2 25 R 5F A 254 4550
HEBIH R, ZRAgitrE L (P<0.05), #hiiR
ZHRURTTL . 2525 IR APP/PST XL BE DR /NI

R1 B-HER +TEN N BHNRTEZIICIZEEAEN (0 =10, x+s)

205 RTQ/s B BE F F- 15 FUCER ATKERm A RE / (°) eI (555K ) /s
75 AN B2 33.16 +5.77 5.82+1.19 40.50 + 26.39 8.17 + 11.49
HERIZH 14.61 +4.85" 1.20+0.69" 67.52 +34.96" 66.56 +20.07"
ENIrEZ S| 29.08 + 8.30°’ 493 +1.38" 45.25 £27.45" 25.22 +2.34”
2R 2 23.53 +7.44 3.48 £0.89" 47.73 2016 32.56 + 10.04”
2y 27.65 +6.017 4.62+0.93” 44.20 + 17.33” 22.14 = 830"
2 30.85 +7.93" 5.16 £ 1.52" 42.09 + 15.75" 14.07 +6.10”

F{E 39.91 80.924 8.095 57.224
PH 0.000 0.000 0.002 0.000

W 1) HasAsiiag s, P<0.05; 2) SHRH R, P <0.05
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n g I
. (S ]L L ...Lp..- siiena
1 i 1 ( x
'\_ ’,a:.i L '1 .
(-.-‘"‘_'. ‘_. b1 L
LA i ﬂl‘-"ﬁf“'u
2 A eeril
1 ey a 1 T § o 1 T e |
’ : o P ol s A
@\ / /p -/ LA o e X
Ji‘ "\# i \1 ‘ ; / .1' S, \
| (\ P | | \\(I i 1!
R W 1 \ :- / ‘(){' \ 4 -.t Bl 5
kN l '\q; i /] \ \ \*“’\..- ¥l
I L s‘.\é/’flv m -a;-f’ J‘ 1 s t./'__.-'lV
LI el s s Al
B 1 &SHE/NREMMELIWHNITEE
RI Fh& (g =4.834., 4.287. 4.775 F15.587 ). WLK 2. 90 -
2.2 #4/IR SOD, CAT. GSH-PX i&#1%1 MDA 50 ), v ¥
ERMILE "
A ZH /N B B J2 53 5 SOD . CAT. GSH-PX 50: 0
I MDA 4 BRI 5728 (X IR LA, 22 S = w0l
Gt L (P <0.05), FAI4] SOD, CAT Fl GSH- 30
PX I MR, MDA a3 S ; thMREZ R IRSTMZ5 Y 20 4
SR SRR LR, 2R A G (P <0.05), 10 -
ERIR Z AR WRFTLH N5 &AL 2H SOD . CAT 1 GSH- 0= 5 3 .5 6

PX I ETRE, R MDA &A%, HORMR B S H]
RN (WL 2),

2.3 B-“AZFEH/ +TEN XF PIBK/AK/GSK-3B {5
S 1 B R 2

Western blot #4550, 5725 X IR b #,

£ 2 £KLH/NR SOD. CAT. GSH-PX i&/171 MDA & EHLLE

ZWEMBRA; 2. KW, 3. RESIRFU; 4. 259
fﬁ&%‘ﬂ%ﬁﬁ, 5. Zgh R ; 6. ZWEmFIEA: 1) 55 Axiig
I, P<0.05; 2) SR LA, P <0.05

B2 B-40%EH +TEN 3FT&HNR
INENFEHAIZIE (0 =10, X+s)

(n=10, Xxxs)

25 X IR 609.69 + 45.59 7.75+1.36 33.59+3.08 30.89 +2.81
itk 314.61 +54.31" 1517 +4.77" 17.30 £2.15" 13.12 +1.08"
EN NSl 411.26 +30.17" 10.12 £ 2.66 23.19 + 4.48” 21.78 +3.75"
ESLfiwnline] 528.72 +30.45" 8.00 +1.94” 29.47 +3.22" 25.17 +2.49”
L/l bl 579.82 + 38.75" 7.47 +0.99” 30.77 £2.93" 28.03 +3.29”
2 e 411.26 +30.17" 10.12 £ 2.66 23.19 + 4.48” 21.78 +3.75"
FAE 68.734 17.440 75.477 96.048
P 0.000 0.000 0.000 0.000

s 1) HEEX A i, P<0.05; 2) SEMA L, P<0.05
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527 &

BEARYZH B APP/PST AL FE DK /INER Y p— Akt Fl p-GSK-
3B M HRBAKTFEZSAHGIFE L (P<0.05),
R 20 B AR (g =13.330 F1 12.806 ) ; fij £k 2 £ 43 Uk
FORMZ W45 A SRR L, ERA ST ER

2.5

2.0

1 2 3 4 5 6

I l p—Akt

p—Akt/Akt

0.5

0.0

| Akt

|—- — v — o o | CAPDH
NS
DHT

B +TEN

+ + - - - -
_ _ + _ _ -

- - - + + +

(P <0.05), $hIRZ A5 WRFTLH MY £ 2 p-Akt
Ml p-GSK-3 B I H KL (¢ =16.278., 11.023,
12.433 F 17.945 ; g =18.224, 14.119, 15.433 #l
19.373 ), H AR L IRy (WLIE 3 ).

2.0
1 2 3 4 5 6

p-GSK-3 B

—|

| I GSK-3B

|----- -ICAPDH
NS
DHT

B +TEN

+ + - - - -

— — + — — —

- - - + + +

1o ZSHXIRGL 2. OB, 3. RIRZARURSTAL; 4. WAL, 5. 29 hiladl; 6. ZWaEiEdl

B3 PB-4HEH: +TEN &40/ R Akt F1 GSK-3 B BEER 1L 7K 22N

3 itig
AD J&—Fp LA TN D) RE VSR A R 14 X
M2 RGBT IERR . TE 65 % BYBAE NBE Y &%
A 10%, TMTE 85 & LU L MIAFE NFE 24 vh & g %]
ik 47%, REESIEA T ZR S, AD R
LT B s, At S MEREERN TUER
Ui

FE N AMEST TAEE X AD BIBFSR Sl i 4E, 42
TR, WEE T 28250, (RS Rk, kKEHL
G S N i - 5 T ST 7/ i 7 N v e
AALRICF B, P AD IR T —5HiE
e, AR AT AD BNt R A R, AR
BEFIR LR TCLTGE g2t 1 Hy Y

POEARGE G =Y 3
A AL B AR R FERE R S8, 401 SOD. GSH-PX Al
CAT, XUERERE VRS —B P A LB A R
o SOD J&AR N KARAEAE R S H B SRV bR AR, LT
PER AR AT LAVE LA B4R A 2L RE ) 4 bR, T
GSH-PX JEALAR N EZ P AR, RERETE IR A 2L,

( reactive oxygen species, ROS) HJ

(n=10, x+s)

RAEHUEALAER, 10 MDA J2 RN AR B, 2
R A R, SR A AT U
DU SZ A b SR R B gt
PI3K HY i ELAZAE AL RO 3 FONE Ak, PI3K/
Akt 55 B AR W 9 1 48010 U 00 R DY 2 GSK-
3B M WY DUME B AT E AL S AD Rt 2 g
PI3K, HETIVE T Akt S5 LM 2 R A M dil
S FDA Ak, B2 T AD I RIAT 7Y L AR
i T T AT 1671 7510 25 25 ) A N= 3 —D- RA R 2 1k
( N—methyl-D-aspartic acid receptor, NMDA ) BH#fi 712
259, HRT LA A GSK-3 248R 9 MR 1L/
AN, PEMRAEASHT AD RGBT ™ (5
NP E ™, PIBK/AKYGSK-3 B i %57~ i
JCNBEFOIMG . BRI IITE A RS M A T 7 AR
B R T ity B IR 20T, F5 T AD FEIEAR,
ARG R AP AR 42 2R 5 T THRYY AD #YITRL
2R, RPNEREEA ey IX — 5 ) v
AD, TE SIS AR S, BT
VS N IR 2T BT AL B R 555

- 10 -
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L A ERRHAT OB XE APP/PST /N EAL IR RO A FIA LRI 5

TSN R RV RS 2 R R AL & 2%
AD JE G FE SR ER T . WOTR R SA R AL IR T AE
LR CHEBRASRTT ) st fail w0, (g
KRR CHOMIZEUE Bk ) ak — iR T R a5
5 —FH A28 7R A S C AT R A i s (R A
FELL ) W HAG T 85 Dy i i NI 25 TR L BE 1)
A B R AR A, R B R
PRI RS 0500 TEN A1 B — 40k

AR ELR FH Morris 7K 28 B FUHT 9 1A 531 52 56
K 57 A B84y, B TEN Fl B — ZHSERERT 45 2H/)N
BRI > RNCAZRE I 52 mm o BERIZ/INER R I Sy
REEZEL AD BF AT A2, RTQ 5 E58F B
FHIRBOR D, SRR IIAE R, ATKE ) A R,
INHHEROIRFEAR . 1M TEN F1 B — 207 ik fE 189 i 45 5
/NI RTQ 5 ¥R -5 AU, 4Rk ig ik
W, g/ AOKEIm A, BTN AEEEL, Rt APP/
PS1 /NI 2F 2 FNzs A2 g Tr . A2 B - 41
fit 5 TEN WM EIGYY, APP/PST XUEEFE K /NG AD
FEREARTS B3

ASCLL APP/PST 5 3R/ RO RHE, Wi &
AR5, BB - 40k +TEN BT AD 484k W AR
FH B Xt PIBK/AKYGSK-3 B 18 {5 5543 F R, it
MR E I TS 7IRIT AD BIVEFIRLE . SCo6 s i
7N, B - dSERE +TEN 7ESI 6] APP/PST BUL L A/ B
SOD. CAT 1 GSH-PX {4 FEAIK 5 MDA & & 7= 1
[, SRETHET APP/PS1 BUE JE K /N Bl Akt 55 GSK-
3B WEMRALEE IR IR, WL B - 4Rk +TEN fE
TIPS AR R N, T8 S R T R B S AR B
R Z kLAY AD ERL.

AHIFFE N G R M A B SRRt R
L CAIR G OB e oI K et S g G S B o S
I R4 BT IA AD (A58 S m A S B VR R
T2l iy SRR U

2 % XX #k:

[1] LOPEZ N, TORMO C, DE BLAS I, et al. Oxidative stress in

Alzheimer’s disease and mild cognitive impairment with high

sensitivity and specificity[J]. J Alzheimers Dis, 2013, 33(3): 823-
829.
[2] SFn], 240, TR, 55 PEGERIRING L5 AR FrEckilUX
JEANE NFT PR R R T L [J]. o D BLAE B 24AE, 2016,
32(12): 2147-2156.
GAUTHIER S, MOLINUEVO J L. Benefits of combined

cholinesterase inhibitor and memantine treatment in moderate-

(3]

severe Alzheimer’s disease[J]. Alzheimers Dement, 2013, 9(3):
326-331.

[4] 558, FIEB, BRGE | 55 | BT b AR B R GIR YT AR
PSLA TR ST (], TR 244k, 2014, 39(4): 640-643.

[5] W74, ALHF , RIE, S A0 BTSRRI T A R G E IO
7t [J]. Wb R 2k | 2015, 37(10): 75-77.

[6] CHAN K'Y, WANG W, WU ] J, et al. Epidemiology of Alzheimer’s
disease and other forms of dementia in China, 1990-2010: a
systematic review and analysis[J]. Lancet, 2013, 381(9882): 2016~
2023.

[71 EVANS J L, GOLDFINE I D. A New road for treating the vascular

complications of diabetes: so let’s step on the gas[J]. Diabetes,

2016, 65(2): 346-348.

HUANG X S, CHEN H P, YU H H, et al. Nrf2-dependent

upregulation of antioxidative enzymes:a novel pathway for hypoxic

(8]

preconditioning-mediated delayed cardioprotection[J]. Mol Cell
Biochem, 2014, 385(1-2): 33-41.

[91 RAMESH A, VARGHESE S S, DORAISWAMY J N, et al. Herbs
as an antioxidant arsenal for periodontal diseases[J]. J Intercult
Ethnopharmacol, 2016, 5(1): 92-96.

[10] WANG Y, YANG R, GU J, et al. Cross talk between PI3K-
AKT-GSK-3p and PP2A pathways determines tau hyper-
phosphorylation[J]. Neurobiol Aging, 2015 36(1): 188-200.

[11] CHEN Y, SU Y, RUN X, et al. Pretreatment of PC12 cells with
17B-estradiol prevents AB-induced down-regulation of CREB
phosphorylation and prolongs inhibition of GSK-3p[J]. J] Mol
Neurosci, 2013, 50(3): 394-401.

[12] NOH M Y, KOH S H, KIM S M, et al. Neuroprotective effects of
donepezil against AB42-induced neuronal toxicity are mediated
through not only enhancing PP2A activity but also regulating
GSK-3p and nAChRs activity[J]. J] Neurochem, 2013, 127(4):
562-567.

[13] X5, BRREE, XEs, 45 . AR so s m AR R AL R RLA N

IIREMBLIIBESE (9], TP EBUREE 2% , 2016, 26(1): 5-10.

B R IRTEOR , akEL, Emek , % . AP EIRT B

ST IS (0], e R 25445, 2012, 27(10): 2684-

2687.

[14]

(5K i)

.11.



