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O E

#3 (Aplysia) )& T B AL NBARSY), ERITHRMZLRSE (central nervous
system,CNS) I &7 F Ay E st e i e —. #F5tigf CNS Dk
N 2 IR 5 Th e AT B TR M8 7R N S w4 S 4 R GG B A
FOEEEHLE, Bl 2 Mt AR B EERIME RGN NS . =4

(Panax notoginseng, PN) &M EfEgeh iy —, HEEpn heml, Bf
TR L LF R ARG IIRE

KRN (TLC) i 350U i (HPLC) FH S i B IO G A e R AT Bk 1]
Jiiit (MALDI-TOF-MS) 73t —-G#HU# (Panax notoginseng extract, PNE)
Y, fr =L EZES WASZH Rbl. Rgl. Re Al <-LEH Rl, HEE
i 80% LA F.

6 FH W B 497 % (Notarcus leachii cirrosus Stimpson, NLCS) [#] CNS 5K
Ak, RHEAFAEAR, YIP%EE T NLCS % PNE %5, HAEEREK
REREAANSEE . 3-RMRMHEE A IENE. ABC Fiz 1. WIS
2 R1 B)a, HMEERRANZREEZHTAEER. 265 HEMAE. B
FEHNE A AT IR Oy TR SR HOAE R, I i
1T T A A, Wt b e, R X ZE R F AT R A )AL, A
LRGN K« ] PNE 1 R1 BEFHNLHIE S AR, AR b4 5
T AR 25595 THBI AR YT S BERF A M AT Bl 42 o

AL (Acrylamide, ACR) & —Fh i WM& B, & HIEEMIME R
g, LR RsE 2o m A e . 2Bt (Aplysiajuliana,
AD) [AJCNSH IR, Tk HHATEACREE T f5, PNEXFATR N2 577 A 1
SOGEPD MR EREAN. fRHAIN KIS T RACREEF G, ET
24N TS H, HAPNEWE AL S, 74 THEBUBNY, Mk T 280 R a i
ik, MILFRIEEPIENIELL, PNE+ACRAIACRAPNEIRRIFA 24 —FE.
SRR R, KIAINMEAFROCEIRE SMEREHA L, gk
SR 120 BAETR DA B S A T B I Sl o AT AT BT e W ACRAE i p 2 15 AR
R T A R EALEE, LR PNEAE SR ACRBEPE RN (1) 7 2, ) Szt
N EA TS E L.
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Abstract

Aplysia is a kind of mollusk animal belonging to gastropod class, its central
nervous system (CNS) is one of the classical models for molecular neuroscience
research. The research on function proteins and peptides in Aplysia CNS is helpful to
elucidate the activity pattern and regulation mechanism of CNS in higher animals
including human, such as formation of memory, neuronal modulation and the
pathology of CNS disease etc.. Panax notoginseng(PN) is one of the traditional
Chinese herbs, its main ingredients are saponins, which have protective effect on
nervous system, such as nootropic and delay of senility.

TLC, HPLC, MALDI-TOF-MS were used to analyse the composition of Extract
of Panax notoginseng (PNE). Ginsenoside Rbl, Rgl, Re and notoginsenoside R1
accounting for above 80% of total saponins were the main ingredients of Panax
notoginseng.

The CNS in Notarcus leachii cirrosus Stimpson(NLCS) was chosen as the
experiment material. Proteomic techniques were employed to preliminary identify the
differentially expressed proteins such as Actin, 3-hydroxyacyl-CoA dehydrogenase,
ABC transporter and methyltransferase induced with PNE. After R1 inducement,
apoptotic suppressor protein, acyl-CoA dehydrogenase, 26S proteasome and
methyltransferase differentially expressed. These proteins were further subcellular
located for the purpose of getting detail information. Through analogy analysis, we
suggest that these differential proteins are connected with both learning, memory and
neurodisease development. These work plays much important roles in revealing the
action mechanism of PNE and R1, could provide a scientific basis and novel way for
neurodisease prevention and therapy in future.

Acrylamide(ACR) is a common neurotoxic agent, it leads to nervous system
injury directly. Saponins in Panax notoginseng have the function of alleviating nerve
injury. The CNS in Aplysia Juliana(AJ) was used as research material. The
experimental results showed that there were 24 differential proteins in cerebral

ganglion(CG) of AJ treated with ACR. But after PNE recovery processing, most of

I



JET TR AR 2 1 S

differential proteins were eliminated because of its antagonistic effect. So the
expression level of these proteins was close to control group, while the effects of
PNE+ACR and ACR+PNE were not totally the same. After database search, there
were three proteins related to nervous system injury, such as heat shock protein 20,
short chain dehydrogenase and Triose-phosphate isomerase. This work was helpful to
eluminate the toxic mechanism of ACR during the metabolic process in CG, study the
protective role of PNE against ACR-induced neurotoxicity. The results have guiding
significance for practical application.

Kyewords: Aplysia; proteomics; Panax notoginseng extract; R1; Acrylamide
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1. =ZtHARER
11 =M HERGERRIPTIRE

=R 2y, Sk T FoinkHE Y — . Panax notoginseng (Burk.)
F.H.Chen M. ZHET (CARREHNHY , NAME. WG, &A%, M, i
s, JoRE. THREHEURS I, M. WA V2 FH 185 b il e il - i DL &% 2k
FI40007, Fea e, BA LA B s R D . — B 2k (Panax notoginseng
saponins, PNS) J& =G B HNE RSy, HEZRS A NS 2 ikRb1. Rgl.
Refl =L 2R, IALEMITNA, =X OME RS, MKRGE. RER
S8 S ARMBA AR M BER . T =2 TR, BT AR B
TR Z UL =R iIRIE A 2, K — Ao S L TIFRAE A0 28 2R G5 93 77 THI TR I AR
FH R 2B U2 2 TR 2 (00, O 1V 2 0ERR — LREFEVT 2 i AR
st S RICAZ IR >, DR R T AR g V2 A 3R A T 0 AH K (1 o
28 TUAET AL AZ AR 1) FHLIBT ) .

L RAPEMEN, TRUSBRANSA A hdE. BEYE T, R A,
A A AR ST T IE ] (reactive oxygen species, ROS). ROSH LL 5 /Kb &
Y, |EB RBURNZIR S L0 1 A AR B AR AR SR SN, AH 4 22 FRE
P BoR AP AR N ROS IR F AT 3 A 2807, 52 e 40 11 7 B PR R 1)
Ao EMAERL, HBMERRAE . R BURRETIE . U S POm A A B i 2 5.
NSt Si0puni SR PN RTS A I IRENIOE s i s whil UK IR f e 21 St K |
HIEREPE, AT K N UAR I P A . =B R S H A BRE J R IS B
A H IR DS, Bl = LIEH G, AN 2B H K
DAL AR DR H RS R i BT, e AR AR
TR, TP P4 RGBH BN HME . =GRt R 4 25 3k
Ry, HHALENEA IR 2

AR A4 A P Ca® B . PR A4S R G4 M P A 2R SR AR R mT
ZICAET IR BEMN B L B ARSI Eh F b TR Ca™ A1
W, REEL ETHRCR YR 7 X6t st B2, & S8 & sl 1
RERE R L Ca” KIS AL T, WINADPHAALES . JiUF IR EFAL . $EIEIA 4
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g P2 TS B A B, XA T R AR TR, AR L IR
PRI B (I B U, AU A3 A0 MR R R B4, B A, P O I 38
WO, Kim 25 4R IEPNS A LU R HIN- 1 3E-D-R L 2R3 /& (N-methyl-D- aspar
-tate receptors, NMDAR) K| §5Ca” A 4Nt 121, PNSIE Al Tl ik 0 v H % 25
F BB G AR 1 oK v b L BT Ca e (i Pl A R i U L itk e
PN A Py Ca® B = LRSS AR BN —

=LA BN CBEARGR (Ach) 5 BOMIMAL ZBEIHGESZ 48 (mAchRs) . B
IRRIGBRI (Alzheimer's Disease, AD) & —FipHZRIRAT VRSB T, SIEARTRAE R 2E
TELA K Kb 5 J2 A1 B X mAchRs R 2 2k 55X R 10 R AL s VARG, HERIT
AD I Bt - HRmAChRs AN . IAREE % H I AD R oA M iR 7
J7i%, PNSYRITADC S EMANSGHE, EHAERINLEIA s 2. CfkiE
B AT LU I c AMPA ™ G 1A 3 ORI 72 19 mAchRs 2 Ik i, A& 21697
ADIFEF, PNSHE A7 M R K SR B WAL i A B i Ao 26 0 LA 5 ) £
PER, W G ANE 5 52 AR 2 T T 4 e 4 A S I R R L B 2
BE R S S, I ORY RS A AR e R ZE M Thae, RIEHTUEAL.
PR A4 I

=L RAMEIRh LRI T DRE. TAXMIZ RS (central nervous system,
CNS) AN [Fl 7 45 S TR A1 26 T P R T 8 R 5 oo 20 B AR T R 1) 9 FEAR 15
ER B ICNS 2 — AR A I T3 AL (ff71H50%6 ~80% MICNSHI £ G E K & M
[BIZET), RS 2 P T AR 3R LI T, Rl v S5 A0 B R R AR i 1%
PR T4 R BE T S LA B 23 A AT BEAEVE 2 M2 IR AR PR 3 A AR S 4
LRSS WA RV S RES N R4 . ChenZ il =L
R 2 —RgIEPC1241 e, AT LU L/ D MPP 55 S I8 T s FEDNA B B
(T R 95 4R T4 T, IF HATMPP 7 S (/0N BB T 2 e T AL R
PN, R R T/ PR A T B AT B 3 Bel -2 FIBelxI MR 1A, I8/ Bax
H—E LR A 2L, iflcaspase-3 (TG [F] I AT W98 & W AERb 1A
RglIEFTR, KEMAL P LK F (Nerve growth factor, NGF) mRNAZK
& ETH I e s, PR R i AR I ENGEF I 3 (K 26 58 A K PO,
AT P AR VPR S AT ZR IR AT P T R PR DI RE
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LR

=HM A —A TR BRI 2 T A M A E o AR Z P IR R G0IR
ATHE AR TCRM R A 2Rk T o AT 40 M B AT S A 42 e
B TUR T MBI RE T1, BN AR A TSR T IR AR . PRZET 40 M 1) B A AN 74 2
ARG AR T I, L8N ) DUBEIZ e o 1 AR K D R AR 2 )
fe, AIERETIUARE A, i H AR ISR N AN (. CNSFAEM R 28 H I
SETE I REIEETE, T2V R F5E N, AR LR M/ F . PNS T LA 5
22N ) ORI AN M o AP s SRR I, BRI AL At 4 it
HIR, ERES A A S,
1.2 ZEEENFRSMSIERAR

=t Ea R, mI. =B, TPNSh =L E R 2
WY . 24 A1k, DB FERBAL > B 8] — =R R gy, X
sern B IR 2 5 NS FEVE S i R/ AH ), 3% 2 B R B i o) K
2B IR I R [120(S) — J5i A2 AY[20(S) —protopanaxadiol], #IRbl. Rb2.
Rc. Rd%%. 20(S)— it A& —EE[20(S) —peotopanaxatriol], WRe. Rf\ Rgl. Rgl.
Rh1%, Hrh, JEAS BRI MRS Em . BRILLAL, A —2E =t
A RISy, =t 2 (notoginsenoside)R1. R2. R4. R6. Fa. Fc. Fe
o HARRIWSAFHRRBEN, XEREEWASHEESEE REX .
FE R SR AN 11T

PEMOR RIS AR A RE IR A sk o3 IR B P R . = b Sy
RAZRBI, Pl =HR8moriE 5 A S 2O ER Bl LS
IR ] SRR, AR5 PR Rl S RE IR AR, /K YRIE T REARIL, £33
FLEE I, e PR el CRERIR B, RE T AR 5 /KEfE, T SR,
K2 KA IE T AR, MR Bl XA 7 VAL Jal e — 28U, (HARRE
2%, 1M HARIN ], Bt LU (RGBS AR 1) U7 v 2 SR R ZKORT R TR 5 Ik
FREHAR, JEAE S NG 12/ o B3 R A H B B R T A =]t 75 v 3R
R IREE ARSI, AR EAT RN A7 AE 2 I AL SR IBOBCRAR, B2 456k al.
A SR — OB IR 7 v — DI B, ] AR de-h o A 4 77 32 1) — S ik
B, O 2 T Lo 2 A ORI REHG Bl BsE . B 1%
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B B AL BT RAR GEAE I (SR U R AR, 1570 PSR USCR LR 505 1%
10/INNF R SR IR BE 4

Finsenoside El EZ B3

20 5 J-protopanacadial

Ehl gle-gle H gle-gle
EL2 gle-gle H gle-ara [p)
Ec gle-gle H gle-ara (1)
E4d gle-gle H gl
20 5 1-protopanacaticl
Ee H -0-gle-tha gl
Ef H -O-gle-rha H
Rzl H -O-gle gle
R H -D-gle-rha H
FEhl H -O-gle H
Heotoginsencoside
Rl H -O-gle-ad -zl

Bl 1 ZtEE2RASNEHE @lc: BERE, rha: BFR, araMRER, vl KH)
Fig 1.1 Structure of the major ginsenosidesin Panax notoginseng (glc: glucose, rha:
rhamnose, ara: arabinose, xyl: xylose)

fER L 205E L, Casal TR Z ok @ alitk =B st sy, WAt
JENTIE BAEBIRARARORNL MR ZIL W ETA. AR,
FR RSB T 55, B P B S R AL B S —038 7> B 153 21 =L 2 1Ry, #AE
TR, AME, 3R,

GCo T 1) REGUEM I HE R AR iy, AERRE il A 2ol R ) R A BE K it 5 =
FIEREREAL, PR T IR 2 — AR A 5 =l A 2 i, HPLCHY) 2
WHF o pr e s, e iR RIS, I3 K oh2050m, 228 gp
ST AR S » ZXROCRURA NG 87 (il 1B 15 Bk 22 B e Pl 5% (14 B
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PR 5 TR () R ABE . LC/MS/MSHE 3 Hr A5 i i i BOR A 1R K H
&, R R T LLA E2pg, B H AT b R R AP d R e (4
i T EAE P AE800— 120022 18], At T PR FIMALDI-TOF i) e S A sk 73 #r 22
BB, B R BEERAR S, [FI EELC/MS/MS AL, & 55 f# .
1.3 ZEXMETEARIEHFM

U JLAER, BHAG PNSTERRZE 7 T 25 B FU A WIR N, R s et A
P M AR IS 5 B AR 22 ST IR DR 1 F AR A2 b AR R 7
flo I PNSHANZ TCHE R MM 34, AEE A PNS /LR 28 (1) B A
PRI HE ) & AD BV YT 75 T A3 SERIIPERT, BT 2 B TT RN T 5

(AN FR R ARSI IR 1 2k i S ie i o fhooy J b, PR 2T
EAE BN T A0 M S AT R4 L, PNSZS 25 ALtk e 2 T4 4 i A= K 1 (bFGF)
FIBAPEG M B 2 2 T, RONAR B o -0 R4l . PNSHd i - ibFGF I &I (2
G HH LA P 28 G IR A3 B A 16 2 0 Al 2745 2 IR PNS S A BB S T 45 0%
AORYFNGITVER], e 2022 7R HAE DL R] B8 5 NG A 5 1 p 4078 5% D]
¥ (BDNF) &IA Y 5147 5% - Rb 1 ) DAL HERE AT itk AmRN A AT B X NGFmRNA
(RIS, i AN YR kA7 7R IR 7 (GDNF) IS4 o2 L i 4
T — R E A A K, RbLE IS I GDNF 1R IA A HE LA i 4t g 1
1 FBY,

PN TR AN A Rk TR0, MIEICREE, it S EE
B WFHUEIIAE, 2L TR IEANFE T B CRFEIRZERIH T4, [RIRHE A
FEMZATOAFIR NG IR . LA R 5T A AP 3B AT 1 5005 (A B O 2R A AL IEE
BT IR Z I BRI A AR ROE S0 R 2 RGE B 05 (AMdT i HE I 25 ) ¥ A7
caspas-3 2 5 (AN H PR TR RE o 2R 0 AR D SRRSO SURG H 0L T A P9 (2 T3k
caspase-3 [F)3ik, LA PNS XJHZRIAFIRZIANT, IR 2458 12 M0 52 i g5 =
1) it LK BRUAT N A caspase-3 mRNA 45 25 4 A A R IA 810, RIR4 254
caspase-3 FHIEAN M i 2 & b, I AR vk . X 3R PNS AMYAEFHRIH T
KEEYEFT [ caspase-3 mRNA 4655, [A] I A caspase-3 R IA 5L, FIHT:
A Bel-2 1R RGR E MMA RGPl Fe b B BAEZER, HAEH S0
ZoEFRR TR KIBTTUR Y, Bel-2 it 1] caspase-3 1923 fb 45 074
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