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Optimization of prescription process of Angelica sinensis polysaccharide-
berberine micelle loaded with honokiol by central composite design-response
surface method
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School of Pharmacy, Qiqihar Medical College, Qiqihar 161006, China

Abstract: Objective To optimize the prescription process of Angelica sinensis polysaccharide (ASP)-berberine (Ber) micelle loaded
with honokiol (HNK) (ASP-SS-Ber/HNK) by central composite design-response surface method and investigate its formulation
properties. Methods The content of HNK was determined by HPLC; ASP-SS-Ber/HNK was prepared by thin film hydration method.
On the basis of single factor experiment, particle size, drug loading and encapsulation rate were used as the evaluation index to screen
the prescription process for drug loading ratio, hydration temperature and hydration time. Central composite design-response surface
method was used to carry out three factors and three levels experiment, and the results were analyzed to get the optimal prescription
process and verify it. The morphology, average particle size and { potential of ASP-SS-Ber/HNK were observed and determined by
transmission electron microscope and particle size analyzer, and the drug delivery system was evaluated by in vitro drug release and
its stability was examined. Results The optimal preparation process was as follow: the dosage of A. sinensis polysaccharide-
berberine carrier (ASP-SS-Ber) and HNK was 5.00 mg and 0.71 mg, the hydration temperature was 30 ‘C, and the hydration time was
100 min. The compound loaded with HNK micelles prepared by the optimum formulation had the loading capacity of (9.22 + 0.42)%
and entrapment rate of honokiol was (71.77 + 1.20)%; the average particle size of the micellar preparation was (44.38 = 2.95) nm and

the ¢ potential was close to (—10.32 + 1.26) mV. The cumulative release amount in in vitro release medium containing glutathione
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(GSH was 10 mmol/L) reached 80.2% in 72 h; the absorbance for 12 h was maintained at (0.29 + 0.01)%, the particle size was stabilized
at (45.14 + 0.67)% for seven consecutive days, and the potential was stabilized at (—10.46 £ 0.60) mV. Conclusion The model

established by central composite design-response surface method had high accuracy and could be used to optimize the formulation of

ASP-SS-Ber/HNK micelle preparations.

Key words: honokiol; Angelica sinensis polysaccharide; berberine; micelle; film hydration method; central composite design-response

surface method
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2 AR BRIy 2 —, B RIRIIH R ]
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ANHEATATART R [ A4 A2 — PR AR L 1SRG 45T /NBE T,
(berberine, Ber) s&—FiE gt H & 7, A& BAH
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VA A G NAHRR,  BAR I A= 1) P R AR PR )
TR R B U 2 N BERRE
B HARNBRIB K EER, $2im 1/ INBEBRIT 5 BRI,
INBERE r T BRI AL, 7R 2R AR e BE A e H
JIk (glutathione, GSH) "R, A HAG 54018 Ji7 sk
() B SR, BTG P S B 25000, RN R RNy
(honokiol, HNK) & JEFM F g MR 31, BA
BRARMGAE RH IR A U213, FE BT 7 1 &
L B 2 BENE A, (BRI E R R B A
FHRARHZj50451, H ik, KMHEAEAYHZ Y
INBEROE R R IR (ASP-SS-Ber) H, W]
HVRfRE, TERE R ZRRAR ) [F IR 2 R, il &
ASP-SS-Ber/HNK. B iy Ew] DU HI 24 JH 2 1A/
BB TR, AR RSO R .

AT 5T AR AT S50 0 4% DA K 0 JEL A7y 3 23 T
BBV ARRR, 255 SN AN (1) 24 V1 22 07 -
INEER IR AW AR ( ASP-SS-Ber/HNK) A4b 77 A = B
PR 2 TR SR, B 1 S RAk 71819, Syl 5]
(Rt — R BEE 1 B A
1 {EEHH
1.1 {42

e O LA, Ll AR B R BRI A PR A
Zetasizer Nano-ZS90 4 KRLFEA, Fe[E Malvern {X
# A IR F]; DF-101S SEAGUE IR FAME T4 8 45
ST FHEAERA IR A R UV-2550 25T 20
JEEETE, AbRUHTE A R A ] 5417R ok
AR EOHL, {EE Eppendof AH]; AL 204 TR

-, MERREIER 2 LI ER AR — IR E S
2%, LT AIREIT A PR A7) ;. Genex Beta F£3k
a5, AbnE s AR A BR A A s HT7700 &4 L+
TREE, HILEH AR AT S-250D 75 4 A A
1%, & Branson A 7]; EYELA WeiE 78 RAL, FBM
BIRELIGRSARAT; QT2 iRieiR & as, LilgH
oy A2 A IR A 7], ZHWY-200D fE 355 97298
a5, PR IERARAF .

12 X%

MEFNG, 5 MB5989, JFiE/r% 98%, K
EFROEMEARGIRA R {IAZHE, fit'5 B25568,
B H 90%, FHXT 73T E 40 000 Zity, iR
AR A R A F] s ShER/NEE, (45 B802465,
JFR T 98% ) EE(HES P817273, i & /3 %1 99%)-
WFERIS K (L5 G6268, JRE s H 99%, 4
IR 2 —FF (PEG) 2000 (k5 D875844,
JRETH 98%), L I MRAEA B A IR A A
ASP-SS-Ber, PREA A HEE. LM, tnkal,
RETRFERA R AR WL m-188 (Ht5
WPWL549B, Ji&E/% 98%). —HFEH (HHr
af), BigRTR T AR R A PR A W] Kolliphor
ELP (#t'5 Batch Weight, Zifb2), Jbit RALKE K
R BTG IR AT FEHEE, BT E 14
000, HigGERAERARAT; W, s-Hral, s
IRVEAL AL 22370 s B RR SR 22 il (PBS, pH 7.5),
AR A R A E] s 2% IR 1 g, b
HEERERH AR AR R 80, FEnE
97%, HEZLBNFAFGRAT: MMk, %
Hyclone A H] .

2 FAEEHR
2.1 ASP-SS-Ber/HNK B9l &

I3 ARE — € AN EAMS 5 ASP-SS-Ber E
F 50mL BJEREEH, AN 10 mL FFEE, A
FEAT VAR, N T VE 1 770 J SR P et 28 A 2 B
BHUAET, MBI 5 mL £B 7K, f#H K
£, 10 000 t/min &0 (F0F4% 13.5 cm) 10 min
J& 0.22 pm FAFLIEREDET, BIF3 ASP-SS-Ber/HNK
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. 2 A (ASP-SS-Ber) SHANIIANEFNG;
H. 4% [F] ASP-SS-Ber/HNK [#)ill i 2
22 BIEEHG

1% FE N Diamonsil Cig #£ (250 mm X 4.6 mm,
Sum); BN ZHE-/K (70 13005 RGP K 292
nm; FFEE 20 uL; ABUAE 1.0 mL/min; #Hi
40 C AEZAAF T AN E AN X HE S A VR G B S AR
KT 3000, B EERT 1.5,
2.3 MEAMBEAE. SHENNE

K FH IR P8 I V34T SR G IR R 25 B3t 2R (1)
ME o B 500 uL A1 JE AN S-SR AR, 1T 0.22
um JEMESS I 500 L HEEHIAREAL, EPF3 ASP-
SS-Ber/HNK i i, #% “2.27 Wi N it &4k
BERESM T, (i LI 1, ASP-SS-Ber/HNK 5 A&
FERUEEI 43 B (R KT 1.5, S FURARAEAE A
Wy T T-H0, LRt Rif. KT udm s N gt
J7 R ASP-SS-Ber/HNK F AT B R )5 .

0, e = i T o L PR 2 W R RN 240 £ R

FRZ B = R T L R 25 W 5 R/ N 25 0 R R+
AN BRI AR )

A A*D}?*l‘%
B 1-_(“4\
c A%IJEH%
o 2 4 6 8 10
t/min

B 1 FEAEAFTEBRAR (A). ASP-SS-Ber A& (B)-
ASP-SS-Ber/HNK i&i& (C) #J HPLC [&

Fig. 1 HPLC of honokiol reference solution (A), ASP-SS-
Ber solution (B) and ASP-SS-Ber/HNK solution (C)

24 BEZRER

241 HRIHERER  EHAKE R, B
TSRV R OB RR, &N 200 L, #0%
EeoN 1, AKAGIERE A 20 °C, KA IE] 9 40 min, I
AN—E &M ASP-SS-Ber FIF1EAMG) 3 HI AR T 3+
5. 10 15 mL HfEEH, B8V FIH SRR
BE R R 458 (€ D SR, JInA
FHRE (1) 5200 10 mL B} AL AR 28k 26 B 5 b o iy
B RE 10 mL 1 VAR & .

242 RIENEVERIFRIGE  EHARFFE E R,
BUVAFIF BN 10 mL, R HEFHER 200 uL,
WA 1, KA 20 °C, /KL TE] A 40 min,
A3 0N 5 700 P D 3R T A 7R RO U v 1 -
188 PEG 2000 FIZRAE LM R, HEEARIZR
TEHEFIFP RS ARG ERE . R
(R 2) BoR, MERRALIFHERME, FEAR
M E SO R R, FIHIEERA O E R
VB3 % 14 771 K il £ ASP-SS-Ber R .

F 1 ASP-SS-Ber/HNK iAFIFHEMIEEF (Xts,n=3)

Table 1 Selection of ASP-SS-Ber/HNK solvent volume
(Xts,n=3)
HEEH
. Fiff/nm PDI BEF/ %  HAE/%
=/mL

3 89.3942.05 0.2161+0.146 2.624+0.15 0.441+0.53
5  50.05£0.16 0.17540.062 10.6540.13 1.7710.24
10  46.34%1.74 0.1451+0.823 26.11+1.24 8.71+0.15
15 45.77£1.23 0.201£0.452 24.15+0.68 6.324+0.21

2 ASP-SS-Ber/HNK FRENEMFIFLIESE (XLs,n=3)
Table 2 Selection of ASP-SS-Ber/HNK surfactant types
(Xxts,n=3)

KIEHEAME  Fif/mm PDI

BERY% BHE%

HEPLSUA 63.35+1.25 0.383£0.253 12.13£0.08 2.17£0.03
PEG 2000 42.67£0.24 0.585£0.051 12.62£0.33 2.37£0.05

BA LI E R 67.8811.03 0.249£0.552 37.63+£0.78 6.47+0.21

2.4.3 RIEEVERRA M0 ERRh B REEE  1E
HAR AR ERS, RIS Ry 10 mL, sk
FINEE O ERRM, LGN 1, KRN
20 °C, JKALESIA]Y 40 min, 43 HIAIA 200, 300+
400~ 500 pL A LI EIRRM, 25 BRI E T
MIERRAS . BER ML ERIM. 4528 (R 3)
BN, HIRE O BRI T E Y 400 L iR A SN
# 3 ASP-SS-Ber/HNK BEZHEEMMAEAIERE (X5,
n=3)

Table 3 Selection of amount of ASP-SS-Ber/HNK
polyoxyethylene castor oil (XS, n=23)

T LK B
ST Rfmmo PDL mEEY  HZE%
A & /uL

200 60.24+1.65 0.41240.126 40.05+0.47 6.5610.33
300 56.14+0.23 0.25610.289 63.30+1.35 10.354+2.53
400 44.14%1.20 0.120+0.223 68.52+0.28 11.5440.56
500 45.50+1.73 0.301£0.112 64.40+0.68 10.2740.20
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M RSO R, PFIUIIRA O &R &
1N 400 uL.
244 AW EAESGYREL) Wik AR
il & AR [ e, RIS A& 10 mL, RSP
RREOIF R, FHERN 400 pL, AKAGEEE N
20 °C, KALHFAIA 40 min, ¥ FREUEAA 5.00 mg,
IIAAF 259, RIS a0y 1. 3. 5.
7 9B, EEAREL RS, AR A&
I 255 (R 4) IR, BAESIEEMIE N,
JEANG )32 B S R TR E G, BRI
5. 7+ 9 BB L BN R RAL BUEAT B BT 2L
JSE TRV S5

<4 ASP-SS-Ber/HNK #HZELi%E (X+5,n=3)
Table 4 ASP-SS-Ber/HNK drug loading ratio selection
(X+s,n=3)

WA Riff/am PDI AHE%  HAE%

1 70.93%1.45 0.2624+0.071 4.91+0.10 2.49+0.06
64.521.27 0.24240.095 63.13+1.36 15.60£0.22
44461156 0.57410.122 64.57+1.62 11.45£0.20
44494123 0.51240.104 70.23+1.06 8.69+0.18
38.25+1.65 0.56240.082 69.09+0.50 6.35+0.08

245 KUIREEMFESE EHARFAFEER, B
RS ZWIRIECE) )y 7, 7 B EE N 0.7 mg/mL,
VAR Y 10 mL, S PR 9 5 S8 SRR,
FHEDN 400 uL, FRALIS A0 40 min, 25 527K A6 5
fE 20 30, 40. 50. 60 ‘CHf, NFIZKALIEREEX R
1o WEFRMBL R 458 GE5) BoR, H
HKAIR BRI In, SR I EZG B S R
JeHIINGE PG . IR 20~40 CHIZKAGIREEE S
REOCAITEEAT B - R TRV SR R
2.4.6 KALIEE S AEHAR KRR ER, Bk
SRy 7, HBIFIFEKEZ Y 0.7 mg/mL i,
VEFIHIE Y 10 mL, RS L) 9 5 S8 L0 R,
5 ASP-SS-Ber/HNK /KUREERE (Xts,n=3)
Table 5 ASP-SS-Ber/HNK hydration temperature selection
(XLts,n=3)
KA/ C Fif/nm PDI AE Y% BHEY%
20 70.931+1.69 0.2621+0.091 10.80+0.29 1.46+0.15
30 44.52+1.52 0.242+0.065 71.59£1.08 9.68+0.17
40 44461126 0.57410.057 63.12+£0.42 7.68+0.05
50 44491134 0.51210.076 58.76+1.94 9.68+0.17
60 38.25+1.26 0.5621+0.045 53.04+1.30 6.96+0.17

O N W W

&4 400 pL, KALIREEN 30 °C, FEIKALKS [H
7£ 40, 60. 80. 100 120 min I, N[EZKALI A%
Fifd. B RMBA BT, 458 (K6 TR,
B KA TR I n, - AE AN 3R 24 B S e R
By mEBE%. Rt 80~120 min [ 7K A [H]
VERFFARAL AT B A v - R T S0

%< 6 ASP-SS-Ber/HNK 7K{LBFEIEFE (X £5,n=3)
Table 6 ASP-SS-Ber/HNK hydration time selection (X £ S,
n=3)

JKAGIR ) /min 442 /nm PDI AHEY% AR
60 38.9140.13 0.5830.078 52.5940.70 6.844-0.09
80 22.87+1.22 0.476+0.034 64.6812.18 8.04+0.36
100 40.84+1.57 0.41610.023 69.5410.44 8.27+0.17
120 29.94+1.63 0.73610.043 58.95+1.31 7.62+0.18
140 27.1241.59 0.93440.022 56.604-0.28 7.10+0.04

25 ERE-MEEEREL S

DABA DR R SRIR 25 S ON IR, ik — 20 R A R A
TH- RS R AL SR T2 . B EZ L (X)) Kik
BE (X)) MKW (X)) 3 ANEE, BREE 3
A RESE A 5-14 04 +1). DURTE AN A,
HE (YD), MEMNHEZAE (V) MRIRE (Y3
NELARARIAT 3 R 3 AR s BT RU8 T
RSN, S5 ILER 7. FIFH Design-Expert 10.0.3 4t
THRAE R 7 BER AT S b2, JFRS iy Yo
Y EX HARE Xy Xow s K2 otk mIHTTHE, &
FERR 2 BAMETEINT Y1=70.07+7.55
Xi1+3.24 X,+4.04 X;—1.27 XiXo—1.06 X1.X5+0.56
XoX3—12.03 X:2—11.13 X22—11.55 X532, P<0.01, r*=
09134; Y,=8.63—0.65X,+0.71 X+0.38 X3—0.36
XiXa—0.12 X1.X3+0.62 XoX3—1.05 X12—1.43 Xo>—
1.68 X532, P=0.0071, r*=0.9067; Y;=45.73+1.83
X1—0.13 X>+0.68 X3—0.66 X1X>+0.26 X1.X;—1.21
XoX3—6.43 X12—2.90 X2>—5.73 X5?, P=0.0001, »=
0.9722, FITREITT Z e R IR 8, 3 MY
B BEWER (P<0.05), RERHE PR 250
BRI . B &R &I, X, X2
X2 X320 Vi A REER W X, Xy X2 XoP X3?
X Y2 BB R X X2 Xt XA N KA
PRI

F|H Design-Expert 10.0.3 %) Analysis it
2] 15 AR BT D] AR R ) = 4 A5 T R 4 A v 2k
Kl Bl X, XX Yis Xiv XX Yas Xo XX Va1
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7 ASP-SS-Ber/HNK Hl& T ZERRIT R KL
Table 7 Central composite design and results of
preparation technology of ASP-SS-Ber/HNK

Z AR I B AR R, AR 20 SRR,
FEEGE N, EHITBEX, )2 ih o,
PR ZEHBAR YL Y2 Y3 NRE K, 482N A Design-

RIS X X/C X/min Yi/% Y% Ysnm Expert 10.0.3 % Optimization FELE N5 #5784 fip

1 7(0) 300 1000 7511 9.11 4585 R AR A B R A R LAk 77 . ASP-SS-

2 7(0) 30(0) 100(0) 7276 9.00 45.83 Ber 5 1AM #2245 553 71 4 5.00 mg H110.71 mg.

3 9(+1) 30(00) 80(-1) 5505 5.37 3495 IKACIRE A 30 °C+ /KAL) 100 mine FHINAE 5%

4 9(+1) 30(0) 120(+1) 5925 6.11 3543 4 F #i1] 4% ASP-SS-Ber/HNK [ A1 JEANG 25 & 54,

5 7(0) 30(0) 100(0) 61.57 7.43 46.04 EER RN 8.63%. 70.07%-

6 5(-1) 300) 80(-1) 31.61 544 3223 2.6 BEMAHEIIEIERIE

7 5(1) 30(0) 120(+1) 40.03 6.67 31.68 P bR Ak J7 s A% 5 #tt ASP-SS-Ber/

8 7(0) 30(0) 100(0) 7436 897 4594 HNK, 5 FE RN 22 & A, DA AR

9  5(-1) 40(+1) 100(0) 4873 834 3585 172, SR WK 9. MEAE-FIEZEN (9.22+

10 9(+1) 40(+1) 100(0) 5505 533 38.60 0.42) %. “FRIEHFN (71.77£1.20) %. KHIF

11 9(+1) 20(-1) 100(0) 47.61 4.67 38.28 IRt N (44.38+£2.95) nm, SEPIME -5 FOMAE H15%

12 7(0) 20(-1) 120(+1) 5025 4.42 40.76 ZEWINT 3%, SEEGTR MRS, H 3 DN HLHERRR

13 7(0) 30(0) 100(0) 6654 8.65 45.00 () RSD {HIH/N, T A BT -

14 7(0) 40(+1) 120(+1) 5438 7.14 36.19 2.7 hifR. BADNE

15 7(0) 20(-1) 80(-1) 4152 513 3559 B 45 1719 ASP-SS-Ber/HNK ¥4 , ] Zetasizer

16 5(-1) 20(-1) 100(0) 3622 6.25 32.89 Nano-ZS90 24Kk BE A 52 Fokifz . i 43 A 2 He.

17 7(0) 40(+1) 80(-1) 4339 537 3589 fr. S5 3 s, ASP-SS-Ber/HNK k{2 N

*8 MNEMARENEHE, HAHE. NENHFEDN

Table 8 Response surface fitting model on variance analysis of encapsulation rate, load capacity and particle size

FERE i F R _ uE
Bz B FAE PAH BWZEFIM 77 FE P B¥ZETPHM ¥ F PMA

R 9 257474  286.08 820 0.0056  38.80 431 75600071  422.01 46.89 27.19  0.000 1
Xi 1 45557 45557 13.06 0.008 6 3.41 341 59700445 2668 26.68 1547  0.0057
X2 1 84.18 84.18 2.41 0.1643 4.08 4.08 7.150.0319 0.13 0.13 0.07 07935
X3 1 130.73  130.73 3.75 0.094 1 1.15 1.15 2.01 0.1990 3.67 367 213 0.1879
XX 1 6.43 6.43 0.18 0.680 7 0.51 0.51 0.90 0.3753 1.74 1.74 101 03483
X1X3 1 4.45 445 0.13 0.731 4 0.06 0.06 0.11 0.755 1 0.27 027 0.5 0.706 6
X2X3 1 1.28 1.28 0.037 0.853 7 1.54 1.54 270 0.144 6 5.88 588 341 01073
Xi? 1 609.63  609.63 17.48 0.004 1 4.65 4.65 81500245 17400  174.00 100.88 <0.000 1
X2 1 521.84  521.84 14.96 0.006 1 8.65 8.65 15.17 0.0059 3537 3537 2051 0.0027
X3 1 56172 561.72 16.10 0.0051  11.93 11.93 20.92 0.0026 13829 13829 80.18 <0.000 1
WREE 7 244.19 34.88 3.99 0.57 12.07 1.72
S5 3 108.44 36.15 1.07 0.457 3 2.07 0.69 1.43 0.3573 11.38 379 2175 0.006 1
aliiR 7 4 135.75 33.94 1.92 0.48 0.70 0.17
HEE 16 2818.93 42.79 434.08

(44.38+2.95)nm, % 73145 2 (polydispersed index,
PDD) 0.47340.33, KiAR/- A AEIS, ¢ BN
(-10.32£1.26) mV.

2.8 RRESE
H 1 45 17 1) ASP-SS-Ber/HNK YA, 4lifv/K#
B 10 15 )5, WINE TEM £ 8™, lEEET )G,
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AL /%

3 2/%

Hi4E/mm

2 Xiv Xo¥ N Yo VORI EEREELE
Fig. 2 Response surface and contour plots of X1, X2 on Y1, Y2, ¥3

*®9 RMAFHHEIEALE

Table 9 Three batches samples for verification of optimized

formulation

[ECrasy /% Y2/% Y3/nm
1 73.95 9.06 46.90
2 73.34 8.98 42.47
3 70.72 8.66 43.06
4 71.87 9.09 41.11
5 68.99 10.30 48.36
FHME 71.77 9.22 44.38
TRIIE 70.07 8.63 45.73
FEXRZE /% 1.20 0.42 2.95

TN 2% MBS R g, BB TS, BB ERES
B NALEE, il 4 Bk, ASP-SS-Ber/HNK 7Ei%
SITHET I UIEE, REREE, RMBOEE, Howod
5, TFIEMG.
2.9 (RINGIRERAASR

# 1 mLASP-SS-Ber/HNK JNEHTLS (A EFAH
Py 14 0000 F1. BT ICE, 7R
WAEARFIREE) GSH (0. 0.1, 1.0. 10.0 mmol/L)
1) PBS (% 0.5%%K 1115405 80 pH7.4) 1, [HI#

A

1 10 100 1000
Hi4E/mm

~150 ) -50 50 ) 150
Zeta H1A7/mV
3 ASP-SS-Ber/HNK HURIZ73H (A) FAERLISYHE (B)
Fig. 3
distribution (B) of ASP-SS-Ber/HNK

Particle size distribution (A) and potential

BEXTHEAH Qi A EANS ) . T 37 CHEIRARIRH
PA 100 r/min SEZEIKNEY 72 ho £ETIUE FTA] 5
(0.5, 1. 2. 4. 8. 12, 24, 48, 72h) K& 1 mL
FEM, RSN AR RRFR R EERE A T . FE I
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4  ASP-SS-Ber/HNK HUiESTERSERRH
Fig.4 TEM of ASP-SS-Ber/HNK

0.45 um JEMR G N HPLC, MR¥E T 20tk 4 27
On=CuVo+2.CiVilmo
On 55 n AN S BRI 02, Co A n AR A
(RIZGIKIE, Vo RN FRIGAAR, Cos i NI A 25
YIRS, Vi JOFTIRE SRR, mo o2 I ok eh 25 o A
ANIE] GSH ¥ F ) ASP-SS-Ber/HNK. il
AR R an P S B RSP 12h B, F1E
A PR BRI, RAVBEICRN (79.7542.13) %; 24
h BFBCE N (89.10£3.32) %; 72h EFBINZE
R (92.57+2.20) %; FEA RIS BTH GSH K EEHY
N, ASP-SS-Ber/HNK H Al E AN 1) RTTFREACE
WRHHE . BB GSH IR FE N 0. 0.10.
1.00~ 10.00 mmol/L i, ASP-SS-Ber/HNK H Al /&b

—o— FNJEFMNE Rk 24
120 9 —=— 0 mmol-L"' GSH
| =—*— 0.10 mmol-L! GSH
—v— 1.00 mmol-L"! GSH
—+— 10.00 mmol-L! GSH

P *

1001

RPVRETR %

5 ASP-SS-Ber/HNK 7E 7 [E & & P RMBHE
(Xxts,n=3)

Fig. 5 Cumulative release rate of ASP-SS-Ber/HNK in
different solutions (X £ S, n =3)

M 48 h BRI (4.1541.27) %, (40.2+
2.25) % (54.102.27) %. (78.50£1.25) %; 72
h ) EFBHCR D BN (5.32+2.36)%. (46.20+
2.65) % (60.70£2.26) %. (80.20£2.21) %. 4
RE W, ASP-SS-Ber/HNK A K1) GSH UK
Yikeishe /1, H ASP-SS-Ber/HNK 1 N#iiA B A K
L2 R DR
2.10 A9, MBERBIHEREMER
2.10.1 fiEfEfaett B ASP-SS-Ber/HNK V47K , i
i Zetasizer ZS 90 ZH AL AN BN 5 HoRLAZ A HE
PBUE AR L, Wiy 1, 45 R 10,
2.10.2 BHEFREME  FERC237 TN EE R
SE T, @I HPLC FELRI e it Ak R A
b, MERSTAA 1R, 80 B R 1k,
ZER I 10,
2,103 MyEfRE M HUEEEHZ R A ASP-SS-Ber/
HNK %, B HE T InA miEm 96 Lk, kra%
12h, Frp DU/ E A2 BT AR AR (490
nm) R (4D {85, @i 4 ERSREE, %5
FEM SRR e, SR IE 11,
ASP-SS-Ber/HNK R HIFRLE 12 h (W6 4E
FFTE 0.2940.01, 7d W ATRIRFRELE (45.1410.67)
nm, HFEELE (—-10.46+£0.60) mV, I HEFEE

10 ASP-SS-Ber/HNK RIHI1E. (L. BEFREHE
8| (Xts,n=3)

Table 10 Investigation of particle size, { potential and
encapsulation efficiency stability (X £ S, n =3)

t/d Hifz/nm ¢ HAL/mV A%

1 43.70£0.38 —12.03+0.63 70.07£0.48

2 45.75+0.83 —9.81£0.56 68.5910.63

3 45.46+0.93 —9.11+0.73 70.25+0.83

4 43.92+0.70 —10.90+0.49 71.63£0.80

5 45.57%0.52 -11.90%£0.51 69.4510.62

6 46.4910.41 —8.6710.44 70.5210.71

7 45.07£0.94 —10.77+0.84 72.4310.34

&1 IEREM
Table 11 Serum stability

th AfH t/h AfH t/h A1E

10294002 | 5 027+002 | 9 0.30%0.01
2 030+001 | 6 0294001 | 10  0.30£0.01
30294001 | 7 0263002 | 11 0.29+0.01
4 0324001 | 8 028+0.02 | 12 0.31%0.01
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£ (70.42+0.63) %. Z5REKH, ZHAEF . M3
Je AL AR R A
3 g

R FH TR AR 46 BRI, FTAa T BRI
R P 2 24 B AL A ZR 3 IS, R S5 N R T
TEPEFR I I BV R T RV R, RS AN 1)
0 2N IS B TR . B S RS
FUH 3 R B R TS AT I e, HPhRE S
A5 BE BRI IR VA R R U BT Tk . ™
TREEEI R, REIE G A A BK A B R K
e S, EAES AR s R, &
AT ERRME AT . TORIBER), Rh 2 b
B LM E AN 515 5414 B v if L3SV RO U () 5
A L BRI

i FLR B, MR 4 A 1Y GSH (2~ 10 mmol/L)
IR e A GSH K (2~10 pmol/L) 1000 £ LA
L, ERIEFAHMPIR B 4 f5, TR LA — i 24 i
SR, GSH HZBZmEH 10 524, [EHAERN
A&, TR 4T PN 2R R A AL ) GSH A< DU B w250, 5%
HWE A ASP-SS-Ber )35 7K Ui 24 VA 22 B A5 7K ity
ANBEGE @R AR, T AR A AR
BURE, WA IR, (015 oA, BRSO
FE AN

TERE SIS, BT AR NN GSH i, HPLC
ARSI B AR AR A E AN I AR, 72 h R R AN )
BN (5.3242.36) %. FIEFMRTE 0.1 mmol/L
GSH B i 72 h [ B BCR A (46.2+
2.65) %, TMG7E 1.0 10.0 mmol/L GSH B/ i b
A E AN B R R IE B (60.7 £2.26) %Al
(80.24+2.21) %, %3l 0.1 mmol/L GSH ] 1.3 %
1.7 £, 24 GSH IKEEHE N ASP-SS-Ber/HNK —fii
SREUMR, R 2 B R JE ANy, AN S RN R i
HA GSH iREEM M. TMAE 4 BB B GSH
WET 48 h 5 72 h B RIPBEICRZWAR/N, AlRe
MEF R, £ GSH BIEH T, 48 h B, ASP-SS-
Ber/HNK H i i 2% 1) 40 2% IR RIS B T 6 5°F
17, AN RO AR A 217, ASP-SS-Ber/
HNK 48 h 7] FEA K 4% 2524121,

g b, BRI KAV % T ASP-SS-
Ber/HNK R, Filid inN S& L0 BRI &
S PEFI$E 5 7 ASP-SS-Ber/HNK 135 R Al 45,24
&, bl R RS S B s - RS A S
WAL 153] ASP-SS-Ber/HNK AL T 2. %

R HIFIAE AR RIS R R, Kife (44.3842.95)
nm, ASP-SS-Ber/HNK [ Ifil i £ € 14 & M Hi ki1
5153 BUCE I (PR AN BEAEEAT B 4800, ks
TARE, Mt RAERE, WLy
Ko S5 IR ASP-SS-Ber/HNK IfLiEVETRAE 12 h
WIROGREAR LB R K, RIPRFRRAETRE,
ifa5E - ASP-SS-Ber/HNK E. A GSH I & 44 i 14 1)
R, I A BT K BE5E T B4

RBAR AR FERNRAEF BT R
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