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Abstract: Objective To prepare reactive oxygen species (ROS)-responsive Bletilla striata polysaccharide (Oxi-BSP) micelles,
optimize their preparation technnology, and evaluate its in vitro characterizations. Methods Oxi-BSP was synthesized, then curcumin
(Cur)-loaded micelles were prepared by a dialysis method. The formulation and preparation technology was optimized using an
orthogonal design method. The morphology was observed by transmission electron microscope, while the particle size, particle
distribution, and zeta potential were determined by laser particle size analyzer. Hydrogen peroxide was used to simulate the ROS
environment and then the change of micellar morphology was observed. Results The Cur-loaded micelles were spherical with
homogeneous distribution, the mean size was (225.33 £ 2.97) nm, the zeta potential was (—16.80 £ 0.37) mV, the encapsulation
efficiencies was (85.75 £ 0.87)%, and drug loading capacities was (20.21 + 0.44)%. And the micelles were responsive to ROS stimuli.
Conclusion The obtained micelles display an uniform particle size distribution with moderate drug encapsulation efficiencies and
drug loading capacities.
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M M % W% (Bletilla striata polysaccharide, BSP)
e A RIS B 2 08, B H SRR AN 4
BE (2401 LB REEEEREMM, HARR. ¥t
b PreargEb NSy =g, wHIGERIER
AR AHAYELE, O8I T 240 5
1281, geAh, A OCERIRIE BSP AT HE EWE A K
(R 58 0 2 AR N B4 SRME S2 ARG R, Rk,
# BSP # i n] T B 40 4 )78, SR BSP AE A
VAR, BT KRR, AR T K2
YR, N HZBIRE] . V280 sl H
HATHKMEAS M, SRS IAERE IR . JIH S B BRIk
B BRERER SN A TR, DA e K D,

ASEIG R TG M4 (reactive oxygen species,
ROS ) M 3 5 [ 442 B L ) 2R B 2 A 8 I I
(PBAP) [>17lxf BSP #4724, 55| ROS BU
BSP (Oxi-BSP). ZHAT B EA MR PELH, PBAP
REKEE BSP RSEKE . MR AT K+ H
RICHIRHRM, DEAPENERNZE#EE (Cup)
VE BRI ZG AT B, £ A4 Cur () ROS BUK
A, Ferh BSP Al R Kuffer cell (KC) %
2R, #iAt KC R tEsilE, £ KC Wi
WEE ROSERR, ZRENERERH SAAL, LSRR,
B 254, KIEPURAGIER .
1 XFEERG

Lambda 35 84h-1] W43 66 A%, Perkin Elmer
AT T8HW-1 R E IR HE eSS, DUMACR H
HLA PR A 5] ; Master-sizer 2000 OG5> BT, %

B
N N\
?/é T/ g\/N
PBAP cp1

CH,CI,

— e
30 mi /
min j’o

B 5 /R3CAW]; BT125D HLF R, fE[E 582 0]
AT REFRBENLE MD34, #E X1 RE
8 000~14 000; BSP, FifE/r%L 90%, PHiHEE
IR A R A T ; PBAP. N,N-$FE Bk (CDD).
4- G FEME (DMAP), #FikiRFA#; Cur
JRENZ, R 98%, #HtT 201406, LifgRTH T
AR A IR A ; DMSO, iR T A4k
BB ERAR HREFI a4, KA
afifh K, 928 E |l Cur XS, FE 741 98.9%,
fL5 110823-201405, [ £ 5 24 dh i e iF Bt
2 HESER
2.1 PBAP HJ5EL

¥ 0.500 g PBAP % T 15 mL JTo/K ~& H ki,
FEMA CDI 0.692 g, $iidt T ¥ 30 min. KRG
=& F beife, A 10 mL XUEEKEES 3 Ik, 3F
EKZE. HHMA 12 mL WA ERES, 35
REMNE, TR T, B TR
JE B At E R, BIARIELA 4-(FF H ) R R
R EERE (CDI-PBAP), KM LA 1.
22 BREZHERNES

¥ BSP 762.8 mg & T 50 mL [, A
8 mL Ji7K DMSO ¥%fi# 5, A DMAP 0.466 g, i
HI\ CDI-PBAP 1.000 g, FHREGPIHFEE R &1
JE 1 BSP 7£ 10 mL X ZE/KHHYIE S, 10 200X g 5
O 15 min 73 BS 721 K4 23 B 5 =PI 10 mL W&
KBS 2 I, RGBS ORRE RIGH. WIRT X
BAKS, 193] Oxi-BSP, Je i WK 2.

O
X
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E 1 CDI-PBAP BIA K
Fig. 1 Synthetic route of CDI-PBAP
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2.3 ZEMIFRAE

2.3.1 CDI-PBAP {JRME 'H-NMR %% H Bruker
Avance 400 MHz #% ;64X (Fij= Bruker A &)
M5E , &5 F LK 3. B YFIR AV A4 BE (IR
KRNI (VERTEXT70) W58, U
4 000~400 cm ™, &5 5 WL & 4. "H-NMR (400 MHz,
CDCl3) ¢: 8.15 (1H, s), 7.86 (2H, d, J = 7.6 Hz), 7.44
(2H, d, J = 7.6 Hz), 7.27 (1H, s), 7.07 (1H, s), 5.43
(2H, s), 1.35 (12H, s). IR Eifd, M PBAP %
CDI-PBAP 3 300 cm™' 7247 [RUEYE 2%, i BH JE AL
-OH # ) b7, [AlF 1750 cm™ #FEEI4 . 1. 500~1 000
em™ ' JRINRHAEUE 1) H B T LAHEWT PBAP E#)-OH &
£5 CDI L[1-COOH &E#HAE—i#t. hiRG5REH
GRS S B &Y —3.

2.3.2 Oxi-BSP WIRME J7iklA “2.3.17 T, 45
LA 5. '"H NMR (400 MHz, CDCl;) J: 7.59 (2H, d,
J=17.6Hz),7.29 (2H, d, J= 7.6 Hz), 5.10 (2H, s),1.21
(12H, s) 7 HINZIF B 4 A H. BH 3 E-CHy 1)
2 A~ H. 4 ~-CH3 1 12 A~ Ho IR B3, M BSP

-

9.0 6.0 3.0 0
0

3 CDI-PBAP fY 'H-NMR [&i%
Fig. 3 'H-NMR spectra of CDI-PBAP in CCL;D

Oxi-BSP
BSP
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Fig. 4 FT- IR spectra of reactants and products

5 Oxi-BSP #J '"H-NMR &l

Fig. 5 '"H-NMR spectra of Oxi-BSP in DMSO-ds
F| Oxi-BSP, 1730 cm™" fff T BEAe 5L (1) H B0, 3B
PBAP #{iE#%| BSP I, HifftEHG 1% PBAP 1%,
WIZEIRRF ARV B, AEBH =N H s &4
2.4 Oxi-BSP FZARRAVHIF

K52 FRE 50 mg Oxi-BSP A1 5 mg Cur, T 5
mL AHEHR (FEE-DMSO 1 : 1), i it
TR . IR GRS B AN TR E A
8 000~14 000 fIZEHTEEH, BT 500 mL 257K
BN, AT 24 4. 64 8. 124 24 /NI EE
i LB TR BTG, BUHENTERE N AR,
A 3 000 r/min 50> 10 min, _E3fWH 0.45 pm 1L
JEIEDERL,  BIAS 30324 I AROK IR -
2.5 FHAEMEEEHNEN-20

FE B R 1 mL, & 100 mL &3,
IR EE A ZI R, FEEA 5 min, BORRRLR, 0.45
um FRFLIEESES, WE A {H, FbritkdhZEpr 3 A
AT R E A EIR T, 5A rt SEA E FEA
Zt,

AR =W yorcnzsn! W i)

BT =W wwrna/ W ynms)
2.5.1  BRERIEEE  H Cur X RE S R 2 A I HROE
&, HIOKCEEEMRIFMRZE IR R, 78
200~800 nm YA HEAT LKA . Cur X HE S 7E 422
nm A0 e RO K B2 IR SRR, R A
SE 422 nm A Cur AT K
252 frEMiZrIas] B Cur XTRRAE R, ik
IK L R — FR A 5 R P A BV, il
W AMH. DIXTRRSIERT A B (Y S HFTER
FE (X0 HEATSAERIE, 43R5 Y=0.143 6 X—
0.011 6, *=0.999 9, 455K Cur 7 1.194~7.164
ng/mL 5 A 2 BIFMLHEXR.
253 REEERL 4 EUR. B s 3 HAER
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LR Cur YRS, T 1d WHERE 2 h WlE 4
B, HHHEH AR EE. B 6d, 15 H k%
B AR 3 A H A RSD 2 3118 1.02%-
1.01%- 0.894%, H [ %5 B2 73501 9 1.94%- 0.538%.
0.541%, R VRS %% R AT

254  NFEESCRREE HUR AR 1 mL, 43500
NJFREWE N 1.426 mg/mL (¥ Cur 7K 0.8. 1.0, 1.2
mL, & 50 mL &+, FEEES, B 1mL & 10
mL &, ERZZIE, e 48, HERCE
4 98.97%, RSD 4 2.1%, B uEmi .

26 HERER

2.6.1 ENTIREERIHE e AR, KA
WARMIERY B E T 4. 120 204 28, 37 CH, fiE
FEIFENT 24 h, WISEAEOR, S TR “2.47 T,
Mre Hokife, 2, HiER “2.57 i, 553k
435N 117.604 96.52. 77.16+ 134.20+ 121.00 nm,
BRI N 8.510%. 7.231%-. 8.620%. 7.483%.
6.031%.

2.6.2 EMTESEAERE T 120 18, 24, 30.
36 h NOBETEEHECH AL W, ISR, Hl& 7
WL “2.47 T, W KRR, AR, LR “2.4”
T, &5 BHR A2 2 5 80.91. 114.20.77.164 133.30.
190.80 nm, #5758 8.790%- 8.426%- 8.620%-
7.615%. 4.348%.

2.6.3 FRAREMER [ E AR & HAR %
, Rl S ARBZE 5. 7.5. 100 125, 15,

17.5. 20 mg [MEZIRH, & 7R “2.47 T,

WeHopife, 2, JrikRE “2.57 I, g5 FIH
BRI 77.16 155.10. 163.00. 214.70. 215.60.
222.50.232.70 nm, 25 E 5304 8.620%- 11.090%-
10.670%- 14.640%. 16.380%. 12.170%- 7.100%.
2.6.4 FENTATAIEIE B M, UEET
K AEFRERIK . pH 5.0 () PBS ¥ 43 7 il & 5k 24 Jie
W, IS TEE 247 W, MEHRA. HHE,
J7iEE “2.57 W, g5 RIKAR RN 77164 0 (3R
INTVETE R A 0nm, &5 314 91.920%-
0. 0.

2.6.5 AHHLAEF (DMSO 5 FEL) JRA Ll ik
il E HoAh 2544, DL DMSO 5 HEELFIA 1 1. 1
4. 411 o BRI, W& T AR “2.47 T,
Mre ke, B2, LR “2.57 I, 53R
B4y 77164 159.10. 0 nm, ZZHE5 5N
91.920%. 69.430%-. 0.

2.7 EXRITERUHAFFHIEIE

271 IR RIERRERBEENLIR, wiy
Wi Oxi-BSP #25 IX R AL ) 3 N EESHAENF
SR, BIENTIE (A, FEHTRE (B) A
(O, HMHERKE 3 MKF, #ZRIELRT
Lo(3%) #RBEAT IR, fLiksme iy Ml TZ,
/G e

2.7.2 SR MRIEER 1AK% Oxi-BSP 324
A, FEIE#Z R, ERNE 1, TTESNE
W 2.

HIE 1 AT 0% D 200 302 B i S ik O B>
C>A, RIENTR N LG R K, Hoe &
2y, BN IR R /) o

M3 2 FTLLE Y, BN B R )
HEREWMES (P<0.05), FEHRLEFTEKF
FIRRFEMESR, LREHEATREE I, AR
FEATIS (A Ay 18 h, KUk, mALLZ%&MN
AByCo, RIEMTHEIA 18 h, %258 N 15 mg, &
Hrim/%oh 20 Co
&1 Oxi-BSP HARRFIZFMUAERKERITEER
Table 1 Optimization of orthogonal experimental results

for preparation of Oxi-BSP drug loaded micelles

F5  Ah B/C Clmg D(R%E) HAE/%
1 18(1) 12(1) 12.5(1) (€)) 7.340
2 18 20(2) 15.0(2) 2) 16.910
3 18 28(3) 17.5(3) 3) 8.097
4 24(2) 12 15 3) 6.709
5 24 20 17.5 (€)) 10.070
6 24 28 12.5 2) 15.080
7 303 12 17.5 2) 6.450
8 30 20 12.5 3) 18.600
9 30 28 15 (€)) 19.650
Ki 32347 20.499  41.020
K> 31.859 45.580 43.269
K 44.700 42.827 24.617
R 12.841 25.081 18.652
x2 AENHER

Table 2 Results of variance analysis
TIERIE  WEFITM HBE  FE BEM
A 353029 2 7.8263
B 126.130 6 2 279619 P<0.05
C 69.112 6 2 15.3216
D (R%£) 45108 2
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2.8 WIERLY

LGB T EMSE, 1R A7 A %
T2, il 3 it Oxi-BSP #ZG o, Wl hifz
BR RN E, SRNEK 3, hRAITM, EIRL
TEFM RPN (20.2120.44) %, 1
HEBONREE, QRN BOVEAR, BWZTT
AT, LEMESMERL.

%3 RIFABRER n=3)
Table 3 Results of verification test (n = 3)

5 /% i 1% /mm WA R/ %
1 86.67 2355 20.66
2 84.93 2449 20.20
3 85.64 215.6 19.78

2.9 Oxi-BSP #FHZGRRIBW M FAVSRAE
29.1 JEEFHIR  AERGELTTE S T E %M
T, HERHR, HiEskE TR —EaE,
WIS RIS AR, BT, B TR
TEAFIRAN, R IE 6-A, HEIT A, Oxi-BSP
AR ERBRIR, KNS, BB .
29.2 FAROREMER BERZRARER, WA
A AR NIAEE, W E 6h, 4R aKEl 6-B.
AT LAE AR AR, 150 B e SR 54 IR,
[ I ' ar P SCRLFE 43 A PDT A 1.000, 1t B R
IR, WARATINA), WIPHIWr Oxi-BSP #4414
BB A A B
293 KRR sr A B Oxi-BSP #RZIRH, H
EREETRKRG, WOLRLE - HT A0 E Rz
KRRy A, AR WE 7, FEIRAEAN 225.33 nm,
£y B &% (PDD E4 0.081.
3 iTig

A SR FH AR ] B VER) BSP A JEAEL, 18

A ‘ - E
W |

E 6 BRZEHRARRK (A) RHEAUEBRER B) HiE
SYER R
Fig. 6 Transmission electron microscope of Oxi-BSP drug

loaded micelles and oxidative breakdown products

100 1000
FifE/mm

&7 Oxi-BSP [XRAVKIZ 5370 E
Fig. 7 Particle size distribution of Oxi-BSP drug loaded

micelles

it % ROS i 3[4 PBAP % H:-OH #E4T1&1M, &
BT BEA SEAKIR A, SCR BUKEE R BIEAEL,
BHEZKIER ] B RIE SR, 8k H Cur A
RZGYEATEE, RIS AR

KT H& TR, ARSRIRHE S [ KA
VERN SRR RER, ENTER), TR A AL
#7128 DMSO FHEE, 1 DMSO 3 i, MR,
WKAIE . IR R IETGIEH DMSO 584 %,
{EA] EL DMSO 57K AR, SO IENTERR 226
PR, 68 EZ R

FH B IR) 2R 45 B T RE BT I ) 3G G, 2 = R %,
AIRERPEE N GG, RIRGSHWATE, HHEED
12 h DMSO i 58 i@ AT ok, F At a) 32 i 72
18h £i4i; 4 CH, DMSO X LAMIENTEEHE H,
#3 Cur W EAE DMSO HRUAW, IS &,
SR mZE, WBERT 20 CH, HAGEEER
%, PR ENTRAEESIE 20 Chti; AR
AR, URAERT 15mg b, HAE
PG, R BRI 15mg A4, i
BT A PBS B A B ERK I, Tk R, nr
Re & AR AR B ER AT AR
BRAFRE— L,

TE IR Z 2 a1, 34T Oxi-BSP 24
T AR AR 24 5 5 e B ¥ 35 1) DR R AT I A8 R 1)
3t Fe A Ak 7 A 4 T2 N2 & 15 mg, &
IR 18 h, SEMTIREE 20 C. WLIRIE, KIZLT
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