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Preparation and in vitro drug release properties of salidroside-chitosan
nanoparticles
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Abstract: Objective To prepare salidroside-chitosan nanoparticles (SA-CS-NPs) and to evaluate the properties of in vitro drug
release. Methods SA-CS-NPs were firstly prepared by solvent diffusion-ionic crosslinking method. The particle size and
polydispersity of SA-CS-NPs were determined and the morphology of nanoparticles was evaluated. The properties of encapsulation
efficiency (EE), load efficiency (LE), and in vitro release of SA-CS-NPs were also evaluated using UPLC method. Results The
nanoparticles were successfully prepared with the spherical shape or para-spherical shape. The mean particle size was (247.5 + 23.8)
nm with the polydispersity index (PDI) of 0.265 + 0.071, and the Zeta potential was (23.4 = 2.7) mV (n = 3). The EE was (70.15 £
1.60)% and the LE was (14.03 £+ 0.32)% (n = 3). The cumulative release rate of SA-CS-NPs within 24 h was over 85%. Conclusion
SA-CS-NPs prepared by solvent diffusion-ionic crosslinking method show appropriate particle size and EE, and could exhibit
sustained release properties in vitro.
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h TR BRI, FEAREET, EUCRHEA
HL-BS AR SA SR BEYKRL (salidroside-
chitosan nanoparticles, SA-CS-NPs), JF5£ 1)
FASNBEZIREE,  H AT A A R WAH DGR .

1 NE5RH

Zetasizer Nano ZS90 ZY B Gk B A FELA 43 AT 4X
(J[E Malvern 2A7F]); S4800 M iHiEE (HA
Hitachi /A 7 ); Optima L—80XP HE 1 A 1k B O HL(3E
Beckman A #]); Acquity HE S RGR AR (L (98
Waters 2 1) ); BS210S L1 R°F (f#[F Sartorius
/NCIDR

SA W H VY NIAE £ b 2 A3 B, %5 1108185
SeEBE (chitosan, CS, [t LWL >90%, ~F-H4IH1%}
Iy F IR M 50 000, Sigma A 7 ) = REER N (TPP,
AR EHEAL TARFS s i HEE (Sigma A+,
SA i f CHML FESATERY . FRN TR LA 4
#. WARRREESE, M 10 mg SA), HAhiFE)
o Tal, KA EHEK,

2 HERE4R
2.1 SA-CS-NPs 89 &

FREL 1.0 g CS % T 100 mL 1% Z /K s
Dbk & 52 VIR, 153 10 mg/mL (¥ CS Wi A 7K
M. BRI TPP &6, W T @ MR E 2K e
H% 1 mg/mL 1) TPP ¥

S22 SRR TR I I A AL Oy B
5-80 MIAF 18 mL WARA I, T 55 CHEdE/Kif
HREEPEIR ST o SRS PRI SA 8.00 mg ¥ T2 A
b CS W, ¥ SA 5 CS TRA W IRENE T 2
JAT R I e RR T R . R, B FLIIR S
AR BEFE 3 h )5, S22 N 2 mL TPP %, 4k
SepiidE 0.5 h, R FOGHIMEE R, A e
BEOR, B, B TR,

2.2 SA-CS-NPs G EMFAERNE

K UPLC VEMDEFEMrh SA I, HEfE
KA.

221 (M4 ME KM Cig BEH (i E (50 mm X
2.1mm, 1.7um), FEHAHNFEE-K (15 :85) P,
PR R 0.6 mL/min, A 30 °C, KA
275 nm. Ei%EILE 1 (£=0.81 min).

222 HMERRFEL RERISA X,
Be i 1.02 mg/mL IV, 190 BEOSAf 20 VR R 55
U 0.1, 021 0.4, 0.6 0.8. 1.0 mL %)%
BT 10mL T, MR EZE, #75,

SA
A
A Ju
T T T T T T
0 1 2 3 4
SA
B
_JlL_M_J g\
T T T T T T
0 1 2 3 4

t/ min

1 SA BB (A) #1 SA-CS-NPs #5 (B) HJ UPLC
Fig.1 UPLC chromatograms of SA reference substance
(A) and SA-CS-NPs sample (B)

P33 FRIRE 350 10,20, 20.40. 40.80. 61.20.
81.60. 102.00 pg/mL 1R FIXF S, £ LA
TS R EL 1 uL HERE, W W TR o K U T AR
(V) SRR (X0 BATLERE, 52800577
& Y=382.55 X+329.72, r=0.999 9, %] SA 7F
10.20~102.00 pg/mL £ 56 & K4

223 AT AIHIE FREU SA-CS-NPs #ioK
2.0 mg, AN 1.0 mL 0.1 mol/L #5755, 8 R5H2HL
S5min, @0, W W, EEEE 3R, G
TH, 022 pm TALUEREIE, RIFS.

224 [PRCRREE B CS 49KKN K 2.0 mg
(A “2.17 TR Tl e, AN SAD, T 0.1
mol/L #hIRM L, 325H CS Kk, 47 9
By, BE3 A 1AL, SlREE N SA KR it £
W, OWEORIEA 5s, B0, BT 0.22 pm AL
JENRPERE, W1 pL JEAE, WEwETHAVE, THE SA
FMFE R, g5 3Rl 99.11%, RSD
M 1.15%.

225 REEFERE A — XS (51.00
pg/mL) MEATIRES, BEREERE 1 pl, JELLHERE 6 X,
ME SA WEAUE, I RSD 4 0.45%.

2.2.6 FaoEtEiAE  BESESEER, t% “2.2.17 T
FORELAE, #E 0. 1. 24 4. 6. 8. 104 12h 730
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BEFE 1K, BRI 1 pL, ME SA 12 h IR AE
ZM 5 RSD 4 0.58%, FIMLHAMEIKAE 12 h
WS P R 4T
227 HEEMERAE  PATHREC SA-CS-NPs £l 2.0
mg % 6 4y, %M “2.2.37 IR 7 vERA AR S
W, FHE “2.2.07 IR A&, BRI 1L,
MRPEUE I AE T3 SA . 45 R Wttt SA
JRCE 5> 01 RSD K 0.79%.
228 HAEEMELEMNE FE SA-CS-NPs
MAGERE (m), MAIERE 0.1 mol/L FhR/ L, i@
FEPEH 5 min, B0, WO BIEW, EEEAE 3 X,
HIF BIEW, &SRR, TR 2207 UM Al gk
FENSE SA I (my), SA MIHIIEHNEILA ms,
THE AR 2 5.

BB =m, / my

Bk =my/ m
2.3 SA-CS-NPs |& LT E 1Ak
2.3.1 CS Fil SA #klFim b sgm  f&M “2.17 It
U7k % SA-CS-NPs, [l HoAh Ak H &, %%
CS 1 SA BoRHIR 30k 2.5 01, 571, 1001
X SA-CS-NPs R (1500, &5 R B 250500
54.76%. 67.90%- 69.16%, #HZiE5 7K 18.30%-
13.57%- 8.24% (n=3). Bl% CS HE M, SA-
CS-NPs ¥4 35 2847 B9 0 () ka3, Sfelii=% 18 v i) % (1)
YRR R R RN R, MOERE CS R SA B
FiELh 5 1.
232 F4E-80 FHEMIREM 4| “2.17 TF 5k
il % SA-CS-NPs, [l & HoAhA4EHH &, %A 4iE-80
LA SRR 3 0 0.5 09, 109,209, 3¢
9. 4:9 X} SA-CS-NPs fuHf K [sgm, iR k%
I3 38.45%. 67.16% 64.75%. 68.20%. 60.42%
(n=3), HAHEDIN 7.71% 13.51%. 12.84%.
13.67%-12.10%. 7] 5£-80 5 A A1 AR LE 4 0.5 -
9 I}, SA-CS-NPs tuI#51%; w4-80 H &1t
TAHEE B, AR TR, SOEREM
AL 109, BIIIA 2 mL #]4-80.
233 HAEDERRRN R C2.17 BUN ik
SA-CS-NPs, [#l 5z HoARSRH &, 2350075 8¢ 7 1)
Fh 0. 100, 200, 300 W X} SA-CS-NPs i {24l
B FEM, 45 RRAE5 08 378.64 320.8. 269.5.
247.0 nm (n=3), IS4 70.08% 64.90%.
66.98%- 59.46% (n=3). BHFEHFH LR H K, SA-
CS-NPs i g FrBeA%, [ bl 2 BTG,

Joi 2% L& T 2% (R AR R AR AL e, R
&k 200 W
234 KIRIRFER R 4R 217 TR 7 iE A
SA-CS-NPs, [fl & H AR H &, 735025 80K iR
JEH 45, 55, 65, 75 ‘CX} SA-CS-NPs Fif% fl o3
AR, S5 MR 530 269.1. 283.7. 254.6.
256.0 nm (n=3), W ZH5IHN 65.72% 67.05%-
64.40%- 60.08% (n=3), TMHEZER. WERmS
HNEAP/S AT B2l N iR A i N/ R E e R TR S
K, IR KIIRE R 55 CHE.
235 PEFREERR R R <217 TR N ARl
SA-CS-NPs, [# & HABHRI I &, 500 HEd 255
W12 600, 800, 1 000 r/min Xf SA-CS-NPs Fif%Fll
BLEPR M, 85 5OR2 7070 267.3. 279.0. 273.7
nm (n=3), AEE /3N 66.20% 67.05%- 64.54%
(n=3), FEBFEEEI I, X SA-CS-NPs HIkif%
TR P T S I 176 2 ST XS TR SN
A, PIIE SR HEE ) 600 r/min 24 H
2.3.6 TPP =X} SA-CS-NPs B K f5um) %M
“2.17 TN J7iH)4% SA-CS-NPs, [# 5 HA A4k
i, 8 TPP FUEIKESr 2 1.04 2.04 3.0 mg/mL
X} SA-CS-NPs it DL S A5 1K g, 45 Fohife oy
WA 2611, 266.3. 271.5nm (n=3), fLEE/) 5
) 64.30%- 65.01%. 62.24% (n=3). AN[H TPP H
0] SA-CS-NPs ()43 ZHIRAE I G W] 2 23g,
IEEFE TPP &4 1.0 mg/mL.
237 kil 1L dnk BiR&AH L, #ie
T SA-CS-NPs [l L2 ZEREM PN 18 mL
WARATIEAE Al FE AN 2 mL ] 4%-80, T 55 C
TH R KA 600 r/min FEHEIRA] . K% FREL SA 8.00
mg %1 4 mL 10 mg/mL CS 1%4BR/KEHH, K
SA CS VE A ¥ W 92 M2 3 n 21 e AH v - 4 4 P 43
FEo WEE, KFLBER S (60's, 200 W), 4REE
KEHEFE 3 hJE, 221230 2 mL 1.0 mg/mL TPP %
W, AREEEE 0.5 h, 1B LGRS, HA
BRI AN, B0, EAE TR,
2.4 SA-CS-NPs BJHITE. Zeta BEAIFNFLSUER
HY SA-CS-NPs # A 5 FH 5 257K 435, W e 4
KRR REAR BORAR 3 A o I RE BEASCI €,
Y KRR E N (247.5423.8) nm (n=3),
2R (polydispersity, PDI) 24 0.265+0.071
(n=3) (K 2), Zeta WA H (23.4%2.7) mV (n=
3) (E3).
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Fig. 2 Particle size and PDI of SA-CS-NPs
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Fig. 3 Zeta potential of SA-CS-NPs

H¢ SA-CS-NPs i KA BTV 6 B, 1T
B 8 Ja i<z MU N 5 &V, Al BRI
TERFR/AN . ZERWIE 4, BB R 7] WKL
SEEICHEEERIE, RN, LA

4 SA-CS-NPs B3 iR [E
Fig. 4 SEM photogram of SA-CS-NPs

25 mEIZWIE

fo iR AR L2204 T 3 #it SA-CS-
NPs, Zi15 SA-CS-NPs {42553 514 68.45%-
70.36%- 71.64%, “FIEERA (70.15£1.60) %;
RN 13.70%. 14.07%. 14.33%, FHI 24
B4 (14.03+£0.32) %.
2.6 1KIMNEZGIKIE

FREL SA-CS-NPs £ 5.0 mg, F&T 5mL &
ZoK, RIGEBNENTEEN G AN 57
35000, KBNS NS 50 mL pH 7.4 [ PBS
WM, T 37 Clamn#sieEe, 45T
0.5+ 1. 2. 4. 6. 8. 10, 12. 24 h BUGEH# 0.2 mL,
[ S e 70 2 B RS I e 4% H) “2.2.17 T0UCT £t

ZAFNE SA E, THE RBURINE . HIAH SA
WIE T VE S, HEE 2010 4R E25 ) Bk
VA RN A i (R B LU pH 7.4 1) PBS
VBN AT, #5350 r/min, [AVENE SA 1)
&, M RRISE.

BRBER={C,[V,—n— DV ]+ (CpF oo +C+
Comy w
C, A5 INF A S IR S5 PR S TR, vy SRR B, 77
HE A TR, Wk SA &

SA-CS-NPs kA2 28 LK 5, 0~8 h gk
R, 8 h SRR A 74.30%, 10 h J5 %
BT 2%, 24 h SRR GEIA 86.55%. SA il
A 1 h By Lk Bl i mE, TRER SR .
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i) —#—SA-CS-NPs
=
£ 40 —o— SA WIS
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Bk
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5 RIMBRIELZKIEE (n=3)

Fig. 5 Comparison of in vitro release drug curves (n=3)

3 itig

CS #4Kki (chitosan nanoparticles) & Ffi i 74
T2 IR A, BAr R G (B ) 11 DA S S RE Dh g
RESE 25 SO S 2 As e e, HIRaK
AL AT ik 42 (GALT) (1) Peyer’s [X 7847
TRH, SR E G AE R RS, PR, CS gioKpifE
2 AR AR R T2 BT, RN
TR RS R (i, 2k, E&H
S5 (RS . (HE, T SA BTk
IR BRI /INr IR, SR 704 CS
S KR T 1 0, A 2R ARG ]

H O HH CS g Kok i) 7 4 S0 28 ik
e BETARNE. AAEE. SRR WY
AT B AT A A DGR . H
T SA BAIRMAIKE M, iz Tk,
I AT A7 20 v L R A T AR S ) O B
TEo SEITRITI, kPt 245 4 5 S Fa5 s 7 LA
g, WABENFEHIE 10%~20%R1 0 & 2



. 556 ¢ ¢ %% Chinese Traditional and Herbal Drugs 38 44 % 25 5#] 201343 A

AW FEAIR T 8 AR 5L 5% 2 V2K Al
FAKKL, T SA KR LF, #1521 4h
KL R HEAL (KT 20%), Ffi)5 3z
BRI BOEHAT I, 15 B ORR OB 2=,
MEMG AR . UGS T AT LR AT Bk
Kbl SA 4KbL, BEFCREE—JTVEMIE A, 15
FIgh Kb A ok (70.15+1.60) %, “FHIE;
N (14.03+£0.32) %, HAUKk 23k, BEE
T, REERCD, HARESERPERE, A)assk
K88 T RUFEAT .
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