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Abstract: Objective To increase the solubility of notoginsenoside Ri and improve the therapeutic effect, hydrophilic low
molecular weight Panax notoginseng polysaccharide (PNP-L) was used as a new carrier to construct the nanoparticles. Methods
Sephadex G-100 gel was used to fractionate and purify P. notoginseng polysaccharide (PNP) to obtain uniform PNP-L with low
molecular weight. Using PNP and PNP-L as the carrier of notoginsenoside Ri, the notoginsenoside Ri-notoginseng polysaccharide
nanoparticles (R:-PNP nanoparticles) and notoginsenoside Ri-notoginseng polysaccharide nanoparticles with low molecular weight
(R1-PNP-L nanoparticles) were prepared by solvent evaporation method. Determining the drug loading and encapsulation efficiency
of nanoparticles, and exploring the feasibility of polysaccharides with low molecular weight as carriers. Malvern particle size
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analyzer was used to measure the particle size, poly dispersity index (PDI) and Zeta potential. Differential scanning calorimeter
(DSC) was used to analyze the crystalline form of the nanoparticles. Transmission electron microscopy was used to observe the
surface morphology. SH-SY5Y nerve cells were cultured in vitro and a hypoxia/ reoxygenation model was constructed to compare
the protection effect of P. notosaponin R1, Ri-PNP-L physical mixture and R1-PNP-L nanoparticles. Results The particle size, PDI,
Zeta potential, drug loading and encapsulation efficiency of R1-PNP-L nanoparticles were (139.17 = 7.22) nm, 0.41 £ 0.19, (-19.14 £
3.14) mV, 28.62% and 85.85%, respectively. R1-PNP-L nanoparticles increased the solubility of notoginsenoside R1by 32.30 times
and had slow-release effect. R1-PNP-L nanoparticles had no cytotoxicity to SH-SY5Y cells. Protection effect on SH-SY5Y cell injury
induced by hypoxia/reoxygenation model: R1-PNP-L nanoparticles > R1-PNP-L physical mixture > notoginsenoside R1. Conclusion
PNP-L is a good carrier to deliver notoginsenoside Ri1, and the prepared nanoparticles can improve the solubility of notoginsenoside
R1 effectively and increase the protection effect of SH-SY5Y cells after hypoxia and reoxygenation injury.
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cells; damage protection; emulsion solvent evaporation method; slow release
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TARBFIER, (HESANE SV BA AT RE 2 51 K
ZARPER R, HIA R VAR, YE = E &
S0 EIEME” SRS, it =
LR Ry VAR FE R 38 VR T R
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(B8 >98%), LigRUREARIHEIREAF;
TS S 2R K s 7 g3 A B & T (polyethylene
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ANFE]; ZHEEEK, 3£E Sigma-Aldrich A F].
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211 =tLZHEaadi K=tz H
Sevage VAR 5, AR A SRR B (T AT 231 0
JEE O FEAT 7 R e, I =52 8% 100.0 mg
BT 2.0 mL KA, i 0.45 pm JEfE, £ Sephadex
G-100 HER (it FE (100 cm < 2.0 cm), F4liKEEh,
ZRE-TERE RO 5 T K 490 nm A WE Ok
B2, BRI B OGRE, FE2e il & 8-t B Hh 42,
R3] 28 =t 2, IR IFRTHLA R T
24 h, i AR 4> T =5 2 B Chigh molecular
weight Panax notoginseng polysaccharide, PNP-H).
PNP-L. MR EER 205> B B I, 75 ORUEAE
WNERAAIA—2, EREESREWRE -5, WEA
PR RS, W EHEEER, R ZH
K Ry -B BV AT RO BE M , AL ORAIE SRS )
HILME,
212 =LZHAEXNSFREMNE E&H TSK
gel G4000 PWXL %% ikt s JishAHA 0.05 mol/L
i 2 4 + 0.06% & A AL B /K W R 0.6
mL/min; A6 35 ‘C; PEG FRFE4H, X4 T Fi &

500~500 000; F2/Sid R GE & 20 pl).
B =-tZ k. PNP-H. PNP-L K=K, Inahiid Kl
10 mg/mL ¥&E#, 25 CHS 10 min, #HE 3 h HH
AT VEAR, $E2), 5000 r/min B0 10 min, B 35
WAERBEAR T HERE b L PEG ARFELL, 1E XS
RV VR AR AR 2R, AR RS IR =B 2 R
PNP-H. PNP-L [JFHX 7 i &

FIR AT (My) FIEESFIN 23 T &
(Mn) MELERIE 1, Ma=3124 ff] PNP-L /5 L
K, 45=HLLREN 82.21%, H4A N M,=34 173
1) PNP-Ho MAHXS 737 & 0 A R A (MM SR
&, PNP-LHEUN, SRS —, @ik g
PNP-L 7KV MEDL T PNP-H. 383 1% il R KA X 71
Jo3 B 22 B AH EE T s A 1 o 2 B KRR, AR
VIAHZE S e, AN AR B & 20 Ak, AR
T IR NS 7301 5 2 BE AL s A 2 ol 2 2 M
B G AL A R, (Rt 2 A A 1 G AR B N
=, NI HIERI 25 B ISR R, L,
Je SET 7T A =L 2 BER PNP-L BT .

*1 =t%¥E. PNP-H. PNP-L X9 FRE
Table 1 Molecular weight of PNP, PNP-H and PNP-L

FE Mn Mw Muw/Mn
=Lz 5298 13620 2.57
PNP-H 34173 92593 2.71
PNP-L 3124 5204 1.67

213 HpEANE N0 T2 BRI
B S PMP ATAEAGHPLC V0 =B k8. PNP-L
IK AR = (0 BB 2H 7 AT 4 5 b B BiA T
B 23 R TR B B

(1) i 2ft: Sid LC-20AD WA ilh Ay ;
Ay Xtimate Cis £ (200 mm X 4.6 mm, 5 um);
FEIE 30 °C; AFME 1.0 mL/min; KK 250
nm; JFEFEE 20 uLs FishAHA 0.05 mol/L iR — &
B AN TR pH 6.70) -2 JiE (83 & 17).

(2) XPHRGIAR: FEEFREUCH BebE. A%, &R
AW FIEIPEIEIR . P ILBEREIRRS . N-CE-Z AR A
B FIETRE. N-CRE-Z U0 RILRE. ARBE.
BTRLAERE . o MR IR S &, K TE IR R 2 5%
X IE R 50 pg/mL BT A X TR

(3) S HE I VRAT AR RS 250 pl VR &%)
HRIAWE] 5 mL EP &, S 250 pL 0.6 mol/L
NaOH /KW 500 pL 0.4 mol/L PMP FEEIAWL,
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70 CZA%F N 1 h, ¥k E1 10 min; A 500
puL 0.3 mol/L HC1 /K A1, FRINA 1 mL 477
¥ 1 min, 3000 r/min &.C> 10 min, /NCOHCEIER,
HEAR 3K, HIGWAT HPLC 77,

(4) FRIAE S K AR =62 B . PNP-L
FEAMMIEE S 5 mL ZHEH, A5 mL, 2 mol/L
O T s mL i, HAE, 110 CERI#E 4 h,
BT =% R E I 1.0 mL /KE .

(5) FESIRTATAE : AL 250 pL #F 5V
F|5mLEP &+, il 250 uL 0.6 mol/L NaOH 7K
#, 500 uL 0.4 mol/L PMP HIEEVAW, 70 CZ&%MFT
SN 1 h, K HAE 10 ming A 500 pL 0.3 mol/L
HCI HAT, BN 1 mL & A770E# 1 min, 3000 r/min
20 10 min, /NVOELETEWR, EREFEE I K, Bk
H, EE.

HPLC Z5 UL 1, spBHmai R W& 2, =&
ZHEFERE A, BIRaE. AW, H />R
HINEIEIR . HEEE . A EEREAN - FLE L S PNP-L
FEMEEE AR TR, EF /D> EH R
WA PEIEIR . “PILbE. AR, 5=t hEH
Eb, PNP-L 748 H 228 L 5
22 ZEEBEH RiIAKNBIEHITHIE

HPLC kT hnifE i 28 I e gl kb vp = L2
Ry, JBid 2R L Ri-PNP 99K KF1 Ri-PNP-L 4%
KRL A B A, Jiik H = BB R 9Kk
S E S RN
221 ARk &Ik R RIES 9K
B, oK =-E 2 HEF PNP-L BC#1 % 1.0 mg/mL /KA,
=R RUECHIA 2.0 mg/mL ZEEVAR, TRIBZGE;
JRELL 102 Hl& gk, HIESEE (13 mmXx0.45
mm) ¥ = LR Ry ABER A BRI =L%
BEFT PNP-L /K, B 20 min, fH3LIE gk
FLA, EIR TERCIBAERE BBk 2 h BREAENIE
7, LA 13 000 r/min 3 250 30 min ALK KL,
45 CEZTH 48 h 5 = LR R-—LEH
(R1-PNP) 42K Hi Fll = -£ 2 R1-PNP-L (R1-PNP-L)
222 =-LE R &M E T

(D)t 54 ek 44 Agilent TC-Cqs £ (250
mmXx4.6 mm, 5um); BN LHE-7K (22 1 78);
FEIR 30 C; AR RN 1.0 mL/min; A KA
203 nm; #EFEE 10 pL; FIGERE N AET
3000101,

A
2 10,
LB 4 %er, 9|
LI
T T T T T T
B
| 7
I
( (.“ 10
J JL 1 4 Jl_emu
T T T 1 T T T
7
c |
‘I [
JA\\\“, A “ t‘ “‘ ]: 4 “ “ 91011 12
0 10 20 30 40 50
t/min

- EpE 2-%0E  3-RAWE  A-WIA PR S5-RIMEEERR  6-N-
LEE-HAEE AN T-EAE 8N-LEE-E AN 9L AL b
10-AME  11-Flhofaml  12-4 ek

1-mannose 2-ribose 3-rhamnose 4-glucuronic acid 5-galacturonic

acid  6-N-acetyl-glucosamine  7-glucose 8-N-acetyl-galactosamine

9-galactose 10-xylose 11-arabinose 12-fucose
1 REXHES (A =t%# (B). PNP-L(C) HPLC
Fig. 1 HPLC of mixed reference substances (A), PNP (B)
and PNP-L (C)

(2) P Zeryzhl: ¥ =-tRH Ry BH K
0.050. 0.100. 0.125. 0.250. 0.500. 1.000 mg/mL
HIREE T, T 0.45 um JEBE, ] HPLC Jll5E
ZURE ROEIRE, THEZMERHTTE . DR
RN B BE 1 IRl )3 77 209 Y =2.803 2 X—30.699,
r=0.999 9, HZLMEVEH R4, ZiikiEH >y 0.050~
1.000 mg/mL.,
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Table2  Monosaccharide ratio of PNP and PNP-L
) L5 1%
o H R ] 22 W R 1 % B S N E DRSS HBERE oAt
RS 0.363 0.702 94.144 0.205 1.913 2.360 0.301 0.011
PNP-L 0.677 0.551 96.384 0.190 0.986 0.944 0.121 0.145

(3) FEE R 2 AEHME. # . & (0.050.
0.125. 1.000 mg/mL) 3 N EKREN =L EH R,
TS, MRS RERE = LB R HWRESE
RSD 4354 1.06%. 0.25%. 0.38%, H [a]H %)% 7>
BN 1.75%. 1.26%. 1.19%, RSD #5<<2%, #H
TR P R

(4) FaE iR Bkl 0.1 mg/mL =L 21 Ry
XTI AR, RS0 FAE 0. 2. 4. 6. 8h,
e Fug A 715453 28] RSD N 1.22%, RIFALE=E
T 8h NEENMERLF, Wl e B3R EK.

(5) EEMIRE: “PATHI% 6 £+ 0.1 mg/mL =
LB RIS, AHE A N EEREE, tHE
5% RSD ¥ 1.43%, W] EE 1R IT.

(6) [AICRIR: BUAR LA T2 A gk
1 mL, 25N 0.4, 0.6. 1.0 mg/mL ) =-L=E1F
Ra %t FE B FH VA 1 mL, BMKREFAT 3k, 1R
P AR M 261 H 545 2P 3 GRSy 7N 98.27%.
98.64%.99.21%, RSD 437~ 1.32%. 1.86%- 1.55%),
G s e (R 7155 2K
223 WARMAERMNE  HIEGKRI 12
PIFNEILA W, REIRFRE R T 5 4K R R,
JR A Was I IE & 1) H BV 4 KR 56 4T
filt, KR “2227 HiN@MEA4NE =LE2H R
JREWRE, BRIk = LEH RUFE (W),
WRIE TR AR FRGEMEE R, BRI AT,
R1-PNP-L K7 b Ri-PNP g Kbk 24 B Fl s %
B RERE, F, &# PNP-L fEA=LE1
Ry #k .

R E=WalW,

A4 T =Wa/Wi

R"3 PRNPHBHE. BHEVUELER (X£s5,n=3)

Table 3  Measurement results of drug loading and
encapsulation efficiency (X £ s, n=3)
AKL B % (ESESL
R1-PNP 23.924+0.12 71.76+1.27
R1-PNP-L 28.62+0.14 85.85+1.21

2.3 HERRX =B RIBBRE RN

Fl “2.2.17 TR 5745 Re-PNP-L 42K H,
¥B=L2H R 5 PNP-LIZFRELL 1 27 T490K
FrEEARARIK R, B 2 IS RS EIR &
HilF2H, #5 PNP-L NN S5 AN 454 77 06 =&
B Ry AR FEIRZ 0

K H Pion uDiss i RN R4, Wit
B =1LEH Ri. Ri-PNP-L #)BLIR & il 77
R1-PNP-L 4KkiiAF 20 mL /K, FEE TAEMAF
o (RFF= LR RUBREREMFED, 35N =
LB Riw Ri-PNP-L ¥R & 171 5 R1-PNP-L 44
Kb =R Ry AR, 37 CH4FFEL 200
rimin PR FERCRE, KA N 60 s, B R IEMREAE
1 h WERFFFRSE , FE% o IV 53 =W ER IR A 1) 77
BYPRR T = LR RO =21 RUGHERE
THEASAH R A 2. B 2 A4, Ri-PNP-L 43
TRA I =L a T RUAEEIRT 2 22.75 5, 9N
Kb =LA RUB IR A 32.26 fio

SIZHS AR FH 5 R 2577 2240 HT (One-Way ANOVA),
P<<0.05 NZE5FA Gt X o 2 Fhifil -5 5 A
—-LRE RHEM, HWEAEEME (P<0.001), 44
KL ZH XS T 4 BETR A 1) S 2E ) $ A R R

40+

HH##

Fkk

304

Fkk

%

WS

20

10

0- 21
SRR, MERARA AR
HZERE Ry R 7P<0.001; S5HER A HIFIELE: ##P<0.001
"™P < 0.001 vs notoginsenoside R;; ##P < 0.001 vs physical mixed
preparation

B2 YEERAEHIF. RN =LEH RIBERENTIG
Fig. 2  Solubilization effect of physical mixing and
nanoparticles on notoginsenoside Ry
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WEMZR (P<0.001), ##] PNP-L 5=+t %
Ri B, ATRLARRE =-ERH R KPR
FE, gRARRL I TR TE 3 s v A g ThD B S I B 5L 1
.

2.4 R1-PNP-L #KRINE S FRAE

241 PIgRift. ZorEda% (PDD. Zeta LA
o OHEER Ri-PNP-L 9KkL, 7EGKRLE K
Zeta AL BT A B A3 r 3k AE . PDI K Zeta HY
A7, 455 Ri-PNP-L 9KRi - FI4 ke v (139.17+
7.22) nm, PDI 4 0.41+0.19, Zeta Hif7ly (—19.14+
3.14) mV. FeKRiRifaiihN, Zeta AL K. H
PDI %K, X5 PNP-L B S ME A K, PNP-L B
He, CAESHRRACEE, ARAGR PNP-L (RFFH 25 3%
P, DAL ARER X PNP-L (1) PDI #3471 2R AL AR B
2.4.2 Ri-PNP-L gKpi 2 08 H DSC Z/Rn{
& =623 Ri. PNP-L. R1-PNP-L ## iR
A5 Ri-PNP-L gKRisE T 8T . LS A
Sy, AN 6~10 mg FEih, JEEVEE
N 40~200 ‘C, 10 ‘C/min. &EAENEPR, #
PRAERREN 60 mL/min; WASEEFRE AN
40 mL/min. B 3 W41, =-LEHF R 7E 17443 C
B LR, HE AR, FEZS 5 S SERL,

PNP-L ¥ Rll% >y 154.06 ‘C, Ri-PNP-L #)HIE &
FULE 145.23, 158.88 CAELE 2 AMammE, Ui A
e — R EW R, Ri-PNP-L 45K kL4 @i Ky
156.90 ‘C, Kbtk =-LREH Ry KIERRIE 4

125 150 175
TIC
3 =tE2F R:i(A). PNP-L(B)» =t2% R1 5 PNP-L
IR &HIF (C). Ri-PNP-L 49K%i (D) B DSC
Fig. 3 DSC thermograms of notoginsenoside R1 (A), PN-L
(B), physical mixed preparation of notoginsenoside R1 and
PNP-L (C) and R1-PNP-L nanoparticles (D)

%, YA =LA RBE AL ETE SR T, ZAPKRLAE
N TR Bl 6 h Wil Ref77E, kit
JEERN, TERIER AT WLPTiEre A, AN T o>
=B R1E B PRI B R .

243 Ri-PNP-LYKFIIER 5% K Ri-PNP-
L K A Lt R 4% B S M 199 s ) 1 i
b W L ERER (230 pm) BISCERIE B, 1SR 2~
5min, FFRIIEARMIB L 3T 52 R,
ZRYELR IR 10 min ZEA . FHE TS SRR
JRCEE I b, 35 1 R DA B R, Yot 90 s,
R AR IR ARIR 2 2 RIS, T EEAR E T2 3 h,
BT T . WK 4 iR, 9Kk 2 ERIR,
Fife¥y 200 nm .

4 Ri1-PNP-L B TEM
Fig.4 TEM image of R1-PNP-L

2.5 {RIMEAFFEMAR

FEEWIN =GR H R BEKEZEN 1 mg/mL
F=-E2HF Ry JERZS. Ri-PNP-L ¥R &5
R1-PNP-L 49KHi % 5 mL, % NZ MK AL B
I ENTES R 27 & 3000) P, 8 LR,
PL 50 mL BEERERZE P (PBS) AR . 1
37 COKMHMEIRSBFE (100 r/min). 7E TN A] 25 (0.
1. 2. 4. 6. 8. 10, 12 h) HUFE 1 mL, [EIRF AN
FHIEARFRE N 5 . T S 495 53 9 PBS, Al td%
fR 92227 TR EE &M, BHHEFENE 52
P2k, 73 20 AR SRR R IR PR3 7 7R
N Y=4.013 2 X—0.316 4, r=0.999 6, ZM:yuH
49.2~1 000.4 pg/mL. ¥ FITHUEE i 10 000 r/min 2.0
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Fig. 5 In vitro release curve of notoginsenoside R1 (X s,
n=3)
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nanoparticles (d) on viability of SH-SY5Y cells
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Fig. 7 Protective effects of notoginsenoside R1, R1-PNP-L physical mixed preparation, Ri-PNP-L nanoparticles on SH-SY5Y
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