= 1614« PER 2021438 #52% H6  Chinese Traditional and Herbal Drugs 2021 March Vol. 52 No. 6

Box-Behnken 3 & EEM AL KB & /7N BERRL- 55 AR W EL KRBV 5

TZHR

W, 20T, M A, o4, & b, Ewm#
R B2 2k 2 2 2 5t P 2 R v A 2 7 0 e 5/ DU )11 48 T 2 W R G S5 R R B e B —— R L A
MK S S B S, U RES 611137
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drug-loaded nanoparticles by Box-Behnken response surface method
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Abstract: Objective To optimize the preparation process and formulation of emodin (Emo) and berberine (Ber) chitosan (CS) dual
drug-loaded nanoparticles, and investigate its stability and dissolution. Methods Using CS as the carrier and sodium
tripolyphosphate (TPP) as the cross-linking agent, emodin/hydroxypropyl-p-cyclodextrin (HP-B-CD) and Ber were encapsulated by
ion cross-linking method to obtain drug-loaded nanoparticles (Emo/HP-B-CD-Ber-CS NPs). Then, with particle size and
polydispersity index (PDI) as independent variables, data processing was performed using the overall desirability value method, and
the Box-Behnken effect surface method was used to optimize the prescription and verify it. Finally, a preliminary screening of the
optimal freeze-drying conditions of the nanoparticles was carried out, and the type and dosage of lyoprotectants was investigated.
Results The optimized preparation process was as follows: mass ratio of TPP to CS was 3:1, Ber to carrier was 0.166:1, and
Emo/HP-B-CD to carrier was 0.2:1. The measured average particle size was (178.0 £2.0) nm, PDI was 0.187 +0.006, and the
average OD value was 0.953 6. The measured value was close to the predicted value. The drug loading of Emo and Ber were 0.34%
and 0.95, respectively. Stability investigation showed that the nanoparticles colloidal solution was physically stable when stored at
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4 °C within 9 d. And the freeze-dried formulation prepared with 6% glucose as the protective agent had better effect and rapid
reconstitution. The average particle size after redispersion was (161.8 £4.8) nm, and PDI was 0.263 £0.047. In vitro release studies
have shown that the solubility and dissolution of drug-loaded nanoparticle freeze-dried powder were significantly improved.

Conclusion The model established by the Box-Behnken response surface method can be used to optimize the formulation of
Emo/HP-B-CD-Ber-CS NPs with high accuracy and good prediction effect. And the preparation process of Emo/HP-B-CD-Ber-CS

NPs is stable and feasible.

Key words: emodin; hydroxypropyl-B-cyclodextrin; berberine; chitosan; nanoparticles; Box-Behnken response surface method,;

overall desirability value; ion cross-linking method
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KIEEFRBLI RIR R %7, BURZHR IR 3%
RN, HTRP. FrbERImE. dristm, Gk
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WRMAE N2, DRAEDRI AR, A
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& B 35 16 FH AT I 38 280 M T R 1) L 4 A AR

K, IFE I T, SRR 5 /N L [F]
BEIE TR R IARIE -

RIS - REER &S TR, 540
TR S DS H TTT SE DR e MV PR 25 W T e L 3
SRR ENE . B 2GR T AR H L, 22
B R R 2E-B- ARG (HP-B-CD) 5 RIRIH B-
MHIRSAHEL, HP-B-CD /KVEIE KIEE iR, JERA
B 2 A MRS, DL HP-B-CD B3 KH 2, nlin
RERMTEMRE, FEmAaErk. 7 (CS) =2
— AP IR L R AR 2 AL S 2, ORI

2 HIMASAKRR, B RUFIEDIRE A o] BRI
IKHEE . (REBIEF AR, o DAE K 25 7E 4k
DAY (1% 95 A )RR JC A [, 38 AT LA %o 24547 R W AL
CL Iz MR T A e F AR L B ) 25 25 S5 40 .

N T IRERH RS /N A RS, AR SLIR
F 7 % Emo/HP-p-CD &%) (Emo/HP-p-
CD), fEMCIERN I, VAFERBEAEE, RHE TR
BRvE, 5/ INBEGRN 58 SR ] 46 BROK 35 2/ B - 7
R 2595 K K (Emo/HP-B-CD-Ber-CS NPs),
X A9 RLET TS, A KRS
INBREGRGHT 1) R R e S R BRI 2%

1 EBE5HF

Nicomp 380ZLS RO EKIE 73 #T{X, &[E PSS
AT SIA-10N-50 BUAVETEEHL, T3 i X FEAX
BHMRAT; Agilent 1200 ERORAH AL, 3 H
Agilent A %]; Nicolet 1S10 {8 BLH-£1 A1 43 AL,
% EH oA F ;. JSM-IT300LA 94 i 1 B 1 B
(SEM), HAER .

JREIZE KR ('S XC20161203, Jii &40 %k
98%) . /INEER, (41t5 XC20170112, i & 4> % 97%),
i/ NEREY R AR STEA R R, Wil
FAHRAT; =R (TPP). HP-B-CD, RS
MR RFL T RS KSR (iS5 MUST-
16110712, Jii & 43 % 99.48% ) /INEERHK (#'5 MUST-
16111115, JRE % 98.95%), J#HS = B4R
FAERA; 85-2A HURIHIRMEM 1 HiFEds, &
A EMNE) ;s HEE, FRERCHREHE O
ED) ARAA; L8, @K,

2 HEEER
2.1 Emo/HP-p-CD &I

MR A ORI 45 R AR 5, KR R BT
HP-B-CD 1, W4 KB R AR I S Aa e 1, 7
P /NBEGRIL Rk T e bR, A i #k2
YRR R R AR M, ARIT RS %. RA
VEFEHEAT#) %, FREC 13.5 mg KK BRI T—
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BN LR, K 1.618 g 1) HP-B-CD & T
FETFIKF, HRE R BRSNS It HP-B-CD ¥
W, BEIEE— e, RE BARET O, 2
Je W 5 T T BT TR T VA R T A I T 9 T R
Emo/HP-B-CD %45 -

22 KREZRS5NERNEENE

FEERRPUR B AT 1.77 mg, #ET 10 mL
S, P F A A R T A i R FE A 70.8
pg/mL XTI

itk 2 PER8L: iy Agilent EP-Cig £ (250
mmXx4.6 mm, 5 um); RSN FEE-0. 1% R /K
W (85 1 15); il Ko 254 nm; #i 30 C
AR 1.0 mL/min; #3EREE 20 pL.

HY 0.708. 7.080. 14.160. 21.240. 35.400. 70.800
pg/mL K ZO0 IR AT, H% IR “2.27 TR
ST, DAK 35 2000 IR T 9k B AR AR A (OO,
WA AR (YD) HATLRYERNE, 15 [E153 572
Y=236.154 X—22.599, r=0.999 6, £k {475 [ 0.708~
70.800 pg/mL.

A 2 PR BL/NBERR R ) 20.260 mg T+ 100 mL &
i, W EEA AR 101.300 pg/mL XS R
FRVETR . AR SCHR 7 VRO i 2, AR N
Agilent EP-Cig ¥ (250 mm X 4.6 mm, 5 um), izh
FHN 5 -0.5% R K (A= 0 pH & 3D
(30 : 70); FIyRK A 345 nm; #3530 C; AR
i 1.0 mU/min; #ERER 20 uL. BUNSERRX IR
TGRS FE IR A AR (OO,
WETH RN AR (YD, FEATZRYERDA, 13RI
Y=36.351 X+10.989, r=0.999 5, £ %7 [ 2.026~
101.300 pg/mL.

2.3 FEEEFELNKAKL (CSNPs) HUH&

4 100 mg ()72 5EHEE T 100 mL 19%088 FR 1A R
b, O G SRR K TPP VR T £ 5 1K IS
il R TPP YA 4 TPP A0 T I A W 45 £ 11
FEREA, BEERAIE, BEREW, WA
CS NPs.,

24 BEZEEECSNPs AHFHAIRTEEH

2.4.1 CSNPs [fIFH5ki42 & 2 5 B R0 (PDD 1)
Wi IR VR B 1 mL, SR KBk
FE A 2 Hopi 42 &2 PDIL, “PATIIE 3 %, BCFH41E
242 FFRWES TPP i tbXt CS NPs ki Al
PDI 15zt K i & 1) 70 RHEIE T 19%BS TRV
FCHIER 1 mg/mL (1)5¢ SBEE G FCHI s 1

mg/mL ] TPP i&#: #alLLe RS TPP &Lt
N6:1.5:1,4:1,3:1,2:1, ¥ TPP EZE
T T N AN B 1) 52 SRV, =R R B 600
r/min FEEDLEE 10 min, XT5EERbES TPP R &
HATESE, ZRNEK 1. FE TPP HEMIGM, CS
NPs “FH5 k0421 PDI #2856 NG K, 478 0%
5 TPP Jlis ol 31 1 i, “F¥JRIZFN PDI /b,
X AT e Ry s 1 BT 1) 56 SR 0 55 i A L AT 1) TPP
ZZHk, 24 TPP &L M, (E7 RHE 4 7R 2Bl
IR, MIE AR n, Kk, Vbigsest
BhES TPP iz N 3 1,

*1 TREIEZRPERM TPP FRELLT CS NPs FiHi{2F1 PDI
PEEE (x+s,n=3)

Table 1 Average particle sizes and PDI of CS NPs made by
CS and TPP at different mass ratio (X £s, n=23)

RS TPP RELL  “Fhifa/nm PDI
6:1 2254+51  0.416+0.036
5:1 217.8+84  0.31240.058
4:1 200.3+6.6  0.264+0.026
3:1 195.4+3.3  0.262+0.034
2:1 2021+4.8  0.27740.024

243 SERFEFTRIREEN CS NPs “F¥Jki4t A1 PDI
VRS TERfE FERBER] TPP B E LL ISR b, 4%
“2.4.27 TR 7R & B 7 RBETE T 1%0E IR 1A
W, A3 RG] R A E N 5. 4. 3. 2. 1 mg/mL
USEIRNEVE: X TR IR R IR AT B 5, AR
W 2. BEESCRMEEIREZ RGN, ~FEkiieA
Wik, 10 PDISERE RGN, AT REE 258 SRAE
BIRERGIN, B o1 (] SRS & s By
THEMRESEIE N, AR R 2 M) TS 5
—RLT R RS BIROR R 7. RIE, R FEm R
WA 1 mg/mL 158 TR -
*2 ATRIZREREREIT CSNPs EHRIZH PDI 1952
Mg (X+s,n=3)
Table 2 Effect of CS concentration on average particle sizes
and PDI of CSNPs (X +s,n=23)

FE M/ (mg-mL™Y) FHIRAEInm PDI
1 228.0+5.6 0.239£0.013
2 248.2+5.0 0.247+0.021
3 253.3+1.3 0.352£0.033
4 303.3+145 0.377£0.069
5 42551144 0.33540.087
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244 FEHEHEEENT CS NPs “FH5Ri42 1 PDI 540
BRI SRIe 5 E 0L 3 0 1 (GRRHE © TPP) 1)
LU 51K TPP 325 0028 8 179 0 380 A Wi 40 4 1) 7 SR WA
h, IR T2 LL 200, 300, 400. 500. 600 r/min
(RS 10 min, XTHEHEIE EEEAT B8, 25 R
* 3. BHEBFEER RGN, SFRIRARIZEIR/N
1M PDI Z6i8/NE 1K, i EEAE 600 r/min i
i, IR R 5T RS TPP RERE 78 73 3 HK,
AT 7 32 3 40 4 9 600 r/mins

245 HEFEREXT CS NPs T ki42 A1 PDI 520
I IR AR AR [ 52560 2614, &35 T LA 600 r/min f¥38 5
SRR 20 5. 100 150 20 min, SRR AET
FEL, R NEK 4. BEETCFER T P3E, CS NPs
SERPRIAZ A PDI ¥4 5 4 K PR IN SR, T b
B[] R AN e A RN A R S 78 53, B ) K
KMAF TR R R T . Rk, HiREmr ek se
10 min.

2.4.6 TEIIE R CS NPs “FIR42 1 PDI 50
R SR8 26 2F, 4 TPP & VRO I i 21 A
W P 1 52 SRBE VA VR, RIS 433 154 30
60. 120. 240 s/mL, =& LA 600 r/min [f38 5 4
APEFE 10 min, X IIE AT H LS, 2R IEK 5.
b T NS (] RT3 o, P IRLAR SR N RGO,
% 3 TRFHEEIT CS NPs EIRIZEF PDI IS
(X£s,n=3)

Table 3 Effect of different stirring speed on average
particle size and PDI of CSNPs (X + s, n = 3)
PEHEEE (r-min?) TR Inm PDI

200 347.4+155 0.676+0.010
300 281.0+9.3 0.310+0.017
400 230.5+5.0 0.127+0.037
500 222.9+6.6 0.250+0.006
600 2106+1.4 0.216+0.020

* 4 TEHAREXT CS NPs EHKIZFN PDI BIFM
(X+s,n=3)

Table 4 Effect of different stirring time on average particle
size and PDI of CSNPs (X +s,n=23)

P HE ] /min SFHPRLAZInm PDI
2 197.6+2.8 0.197£0.013
5 215.2+25 0.225+0.035
10 196.3+0.7 0.134£0.032
15 199.0£6.2 0.094£0.013
20 220.2+1.6 0.154£0.027

% 5 AREEMEEST CS NPs FIRIZF PDI KIS
(X+s,n=3)

Table 5 Effect of different drop acceleration on average
particle size and PDI of CS NPs (X +'s, n = 3)

WINE B (s mL ) SEEIRLARNm PDI
15 229.0+3.4 0.256+0.036
30 194.1+2.7 0.191-+0.032
60 201.7+2.3 0.130+0.034
120 197.5+4.1 0.254-+0.019
240 2345+3.7 0.224+0.020

/NG, 1T PDI Jeis /N K FRR DN, AR T
TRIG MRS e 1 S TR AR S R, 24 0
HE Y 60 s/mL B, BEAMA RS EMERAE, i
TR 0 BN 60 s/mL.
2.5 INEERH-FEERMEGNKAL (Ber-CS NPs) BIHIE
R BRI SRIS S A, K/ INBEBRC 1] BT
BRI 1 mg/mL AR F70 50l DL/INBERR 5 2k 14
e A 1:1.1:2.1:4.1:6.1: 84 Ber-CS
NPs, ~FA7525: 3 X, Wll5E Ber-CS NPs 134k i2 Al
PDI, 53R WEE 6. B/ NEETHE G R, Pk
BRI, MET 2 A, FEIRAAS A K,
LB /NBEGRE N T 8RR, TR LKA T 5 4k
Al

*® 6 TRVNEBSHFLLAFIXT Ber-CS NPs FRIEH
PDI B9800 (X+s,n=3)

Table 6 Effect of different ratio of Ber and drug carrier on
average particle size and PDI of Ber-CSNPs (X +s,n =3)

N SRR R PR /am PDI
TH 196.340.7 0.134+0.032
1:2 250.2+2.7 0.180+0.042
1:4 208.4+6.4 0.11240.029
1:6 204.3+2.6 0.154+0.017
1:8 198.2+6.0 0.162+0.050

2.6 Emo/HP-B-CD-Ber-CS NPs kil

7£ bk Ber-CS NPs [#) 26l |, 1A EMO/HP-
B-CD ¥, mAlLAZG#t N 1:6. 2:6. 3:61(1
EL 4145 Emo/HP-B-CD-Ber-CS NPs, 4752546 3
Wo MEFAFEIRAZA PDI, S5 WE 7, FEEK
WROAYHERRIN, FHRRAA R, A
BTAMH, PRARAEA, WHKHREE
VIR B IAR LR, A AE R, EeEi—
AR IL LA
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RT1T TRXRRZEEMSHALLAIXT Emo/HP-B-CD-Ber-
CS NPs 1120 PDI B9800 (X +s,n=3)

Table 7 Effect of different ratio of EMO/HP-$-CD and
drug carrier on average particle size and PDI of
Emo/HP-B-CD-Ber-CS NPs (X +s,n=3)

BRSO RuaviEl PR m PDI
=H 220.0+29  0.148+0.079
6:1 236.1+87  0.129+0.024
6:2 222.2+58  0.187+0.014
6:3 227.8+13.0 0.215+0.033

2.7 Emo/HP-p-CD-Ber-CS NPs #l& T E it
2.7.1 Box-Behnken #citsiies 15 B 6%
T2, TESS A SCHR AT AT BTG (1) 25t |, 169 TPP
HRRBEREL (A NS EMAREL (B)
PA K Emo/HP-B-CD H#AF &Lk (C) NHEERF K,
L Box-Behnken Wi N AL T ES %, K&K
- R SEEG 5 R WLER 8. LLFYIRIAE (Yo A PDI (Y2)
(R EPEH 1l Coverall desirability, OD) A% %tk
bR, YRl Y2 2 NEFRIUES BN ERES, R, ik
A di=(Ymax— YD)/(Ymax— Ymin) Al OD = (d1 X dp+++ X
d) Yk FATIHHEL, 55 OD=1.149 79—0.422 62 A—
8.578 04 B+7.862 53 C+14.185 08 AB+21.741 36
AC+35.954 23 BC—13.458 54 A2—11.699 15 B2—
48.071 86 C?, R?=0.828 5, P=0.047 4<<0.05. i\
B IR R I

029 -
C o021

029

B 021 —— 029 A

% 8 Emo/HP-B-CD-Ber-CS NPs #l#& T Z Box-Behnkn 5L
Wit RER

Table 8 Arrangement and results of preparation of EMO/
HP-B-CD-Ber-CS NPs

s A B C Ydnm Y. ODfH
1 0.33(0) 0.17(-1) 0.33(+1) 196.6 0.294 0.457
2 0.41(+1) 0.25(0) 0.33(+1) 188.0 0.304 0.506
3 0.33(0) 0.25(0) 0.25(0) 1853 0.254 0.691
4 0.33(0) 0.25(0) 0.25(0) 183.3 0.230 0.780
5 0.25(-1) 0.25(0) 0.33(+1) 210.8 0.301 0.254
6 0.33(0) 0.25(0) 0.25(0) 175.0 0.183 1.000
7 0.33(0) 0.25(0) 0.25(0) 186.0 0.190 0.847
8  0.41(+1) 0.33(+1) 0.25(0) 183.1 0.233 0.774
9 0.33(0) 025(0) 025(0) 182.1 0.194 0.887
10 0.25(-1) 0.25(0) 0.17 (-1) 178.7 0.281 0.667
11 0.25(-1) 0.17 (-1) 0.25(0) 187.2 0.217 0.768
12 0.33(0) 0.17(-1) 0.17 (-1) 176.4 0.252 0.786
13 0.33(0) 0.33(+1) 0.17 (-1) 218.1 0.374 0.000
14  0.41(+1) 0.17 (-1) 0.25(0) 190.0 0.298 0.509
15 0.41(+1) 0.25(0) 0.17 (-1) 202.9 0.303 0.362
16  0.25(-1) 0.33(+1) 0.25(0) 189.5 0.245 0.669
17 0.33(0) 0.33(+1) 0.33(+1) 193.7 0.256 0.591

HR 4 Box-Behnken R A SR B 1H45 (KT 2),
BEMRACE B AT N TPP 55 bER A
0.25, /NEER S#E AR E LY 0.17, Emo/HP-B-CD

i

[T  1o—

037
029 A c

B2 A. B. CxfOD {&ENmAYRSR i &

Fig. 2 Response surface diagram of A, B and C on OD value

HEMAmEN N 0.21, ATETHEMIE, EIE
b7 R /INBERS 5 A4 5 EE A 0.166, Emo/HP-B-CD
SRR RN 0.2,

2.7.2 RTRAUFIRE  ARYE BB R AT,
FA47414% 3 it EMO/HP-B-CD-Ber-CS NPs, 455 i,
K 3. S FHkiE N (178.0+42.0) nm, PDI N
0.187+0.006, “F-#4 OD {& v 0.953 6, il OD 1A
4 0.974 6, Zeta Hifiily (11.024+0.03) mV, &5k
S T E 2R, SRR OD ¥2:45 2[Rl A 7

PRV RAF, AJ7 MR BON AR .
2.8 ERAMKRIEZEMHEER

#4#1 % 1) Emo/HP-B-CD-Ber-CS NPs Ji& &% 7
BIRAFT 4 CUKFS =R CREN 18~25 C) 4
PETR, 439I7E 0. 1~T7. 9d 5& IS BRI & HoFHaki
1 J PDI R/ANEAL, FERHAE M. 4R W& 9.
LRI, RAET 4 COKFE A =R KR
AMIREA R KA, AT) 2 6 LG R ARV -
H# 10 A %1, vKFEH Emo/HP-B-CD-Ber-CS NPs il
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20 50 100 200 500 1000
B2 /nm

3 RASEHZIZ%|&# Emo/HP-B-CD-Ber-CS NPs
RYRITZ

Fig. 3 Particle size of Emo/HP-B-CD-Ber-CS NPs prepared
by best preparation process

x99 4 CHERTHRKNMIZEMNE (n=3)
Table 9 Stability of nanoparticles at 4 °C and indoor
temperature (n = 3)

*® 10 RTRIPFIFIESTR TN T K2R PDI By
=M (X+s,n=3)

Table 10 Effect of different Iyoprotectants on appearance,
average particle size and PDI of CSNPs (X + s, n = 3)

sk AW SRR m PDI

TH  HAZAL, FIHHXRERE 380.3+12.6 0.420+0.171

FHIRLARINm PDI SRR Inm PDI
t/d t/d

4C FR 4C =R 4C FR 4C =R

1755 173.9 0.182 0.249| 5 172.4 187.4 0.188 0.340
1755 1829 0.167 0.291} 6 173.9 187.2 0.191 0.344
174.0 177.8 0.146 0.271| 7 176.3 202.8 0.194 0.356
174.3 185.5 0.166 0.326| 9 176.6 202.6 0.228 0.370
174.7 192.3 0.146 0.328

A W N - O

1SHFEIRAZ A PDI & IR bR AZ A K, 15 B Emo/
HP-B-CD-Ber-CS NPs7E 9 d P 4 ‘C4&fF FHRE MR
I . (HZE T Emo/HP-B-CD-Ber-CS NPs [
SEERLAE R PDL & AR BARA, HUEA b 5 E0E T
BRI . BT LAGRACRL I AR VA S AR A7 TR IR 2%
PR, ARIRZAE T, BMAGRRAA —E ket
{H 5 2K ) 8] ) A AR AT T e — 2 5 5%
2.9 Emo/HP-B-CD-Ber-CS NPs & F# a0 &
29.1 RFRFIFNRIFEL LR T7 ] %
YURKL, SN 6% 1) H T R4 77 LL AL R
HERRE, LS. MAERSISE TR, JFRET A
WY, REeHE THTASRD, B-55 CAGKT
EENLHR T 12 h, PR A T4 48 h, B Emo/
HP-B-CD-Ber-CS NPs %41 o K {71 i
BEETKERE, WSR2 PDI, %A
[F) R SR T ORAP TR K KL IR DR « dl I 6 10
AILAEH,  ARINE TR0 25 LR T8 o i A
PR, SRV ERARIE R BN ARSI REE A
HTORAFIN, FRTMIPEAR R, THHFE,
STV o PRI RS Ik 0 ) B R T ORI ),
TR HEE L.

HERE B, GFEAY—  9326+35 0.972+0.061
AVE  BRUERE, BN 198.44+4.8 0.33340.050
IWZYEE RS0, BitER 170.5+4.7 0.300+0.021
AR R, AN 161.8+4.8 0.263+0.047
292 HTRYFEEFEHERNFESR i)y

I GRRL, DRI 2%. 4%. 6%-. 8%[IHi %
B, AR TR I AR TR %
T, B ARFIGE TR BRET
NS /2 B PR, WAk f PDI,
25 SN[ FH 2 A B GO R R B . R
11 /LA, SN 6% E & E, % Tk R %
NI, YRR, NN K S e
BV, G2, T 6% R R R TR
A, AT R 0 R S A

* 11 AEEZEHEHEX Emo/HP-B-CD-Ber-CS NPs £1%
HKI12F0 PDI BISSMR (X+s,n=23)

Table 11 Effect of different concentration of glucose on
average particle size and PDI of Emo/HP-g-CD-Ber-CS NPs
(X+s,n=3)

T HE % A FEPRifEm  PDI
0 BHMZIL, FUbAENAEEE 38031126 0.420+0.171
2 KWzl 189.54+3.5 0.33940.050
4 KRIMTE, RiH— 168.4+55 0.336+0.026
6  KMTE, Hiy— 161.8+4.8 0.263+0.047
8 RMBHNTE 176.3+5.2 0.274+0.055

2.10 Emo/HP-B-CD-Ber-CS NPs & F#HIRAE
2.10.1 SEM MEIEA ol HUE &K 3 3R /N BE
Bl JE 124 LA K2 Emo/HP-B-CD-Ber-CS NPs % T4
FHPTRE A b, SRE R A FE AR N S
R, T SEM MU IEA, SRILE 4. mE 4 7]
B, KR ERLZ N AN ST UIR, 4806
ANBERRERL 2 K /ANAS—, SRTEHRE: 17 Emo/HP-B-
CD-Ber-CS NPs ¥ T-¥ N AR/NEI S HIR, R IH
BONIGH

2.10.2  ZAMEEE (FT-IR) Rl BUOKEE 25k} 24
/NBEBHEURL 2 P PR S P Emo/HP-B-CD-Ber-CS
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PR

INBERLERIZ

Emo/HP-B-CD-Ber-CS NPs % T

4 KEZERZE. )EERERZ5M Emo/HP-B-CD-Ber-CS NPs AT #
Fig. 4 SEM image of raw Emo, raw Ber and EMO/HP-B-CD-Ber-CS NPs lyophilized powder

NPs #HTHENFEM, 5 KBr IREER, 2HI7E
4000~400 cm 34, AT FT-IR 2047, 25K
5. /NBEREERIZ57E 1 567.91. 1504.26 cm ™t ELA5
S RFAE N, T ORI B R (E 147327, 1272.85
cm ™ A EREFIENE, YIRS Y)F Emo/HP-B-CD-
Ber-CS NPs Tk ¥ OR B 7 K3 2 /N BEGR 1) 47
U, LA H IR B AT, 3% B K R AN B
TEGIARL H AL 2 2540 R A

4000 3000 2000 1000
viem™

5 /NEEEHERIZ (a). KERERZ (b). NERMKE
ZYIERAY (c). Emo/HP-B-CD-Ber-CS NPs &F# (d)
B FT-IR

Fig. 5 FT-IR of Ber (a), Emo (b), physical mixture of Ber
and Emo (c), Emo/HP-g-CD-Ber-CS NPs lyophilized powder

(d)
211 {FINAEHERNE

o (P EZG) 2020 FERRPUFRIN N 28 vk (%
) AT HEIE , FREXEE & Emo/HP-B-CD-Ber-
CS NPs T 5 K3 &K L /NEERRE K24, DL 900 mL
BRRR TR 2 (pH 6.8) AR, FHISLIb iRz N
(37.04+0.5) C, #3# 100 r/min, 73T 5. 20. 40.
60. 120 min HUFE 5 mL (FMERIRZEEAND, &
0.45 pm FLFLIEMEIERL, B HPLC 7243 I e g

TR, IHEZAYNERE, HEHEHiheg, SR
Kl 6. HIEIWTAN, ZRPHrh, KRERN/NEEBLLE 120
min B R H 30 AA ) T 72.12%F1 82.55%, 1 K
TEFOR/NBERRRJFORL 2 1) H AN 25%, BA R
FrESE, VLRI ORI/ INBERR ) R TRy BT
HARANE

80
Wt —a— A NG
: —a— BT R
o —o— /NBERRRI 25
i 40- —v— K HRIZ
E»%E
20+
0 T T T T T T
0 20 40 60 80 100 120
t/min

6 Emo/HP-B-CD-Ber-CS NPs FETF#MFIAEE. /52
[ERIZRE i thsk

Fig. 6 Dissolution curves of lyophilized powder and raw
materials

212 HAERBHEEHNE
BUEBEBYUKRIRTH, AR, 4022
um FFLIEMEIERL, %08 “2.27 Wi N @i e,
THHEBAE GAHE=MsM, HP M KER
BUNEER O SEPRIIAS B, Mo TR TR SRR, R
FEMARE AT, NEERAN S R #2250
79 0.95%7F11 0.34%. U ATER. NG R
KRR TR, pH 6.8 R E, 4022 um
AL UEE e, R “2.27 TR @& amE, it
SRR . IRYEIAHE T AT, K RANEEG
Ji L 24 1 5 fif B 4y 0 9.21 pg/mL AT 153.05
po/mL, T KR R o Hh K B 2 /N BRE Bk 1% % A
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239 23.95 po/mL F1 167.87 po/mL, B E R

2y, THRREEYIE e R,

3 itig
RGN BT — IR A 2 R G, ¢

RUERHBETREY, FLEAEYTREAE. &

PIF 2 B P S A, AR E R AR 1

Ny FIHE TG, R ERRERS
TPP iyt F () 8 Ad I i A AR L 5], 7258
BER Bt R KR, BT DASE SRS TPP 1L
BT AR I KRB 2 — o 458 BHEE RO,
TPP AR, AR HRRER s 1 58 SR W &= IR,
B R, B K BERNE 41 TPP S A A T7¢
SR> TACHRRER: M BEPE RV, 1T TPP AHXS
SEREN, FRMER A H RS, B
BRI T %, BAMR R KI5 AR R AR
HET R A PTIERZ 2, /NBERCHT IEFLAT, S50 SRNE &
TPP LA#g LR B0 7 A4 &, KB &R Bk HP-B-CD
wERREEYE, LA RTEH S agrkhigss,
NI T R 25 AR L o 36 P 3 2 i, A5 4N
KARAR AR AR, Tt TIEIR, BarsIY) /)
SRBRRL A [A) R H e 73 BooKkAk 2 BRI T 2 Jek 5
() SR AR (2], AR Sy DR AR 34T B KAl 1R 2% 52 T A7 A
AR, TR

BT AR R R SRR AN, AR
AHEHR], REPrEiReE, ST Irasesmm 4t
RSN, B TR RO R E . ¥ — 1IN
KKio AT LAGK KL R AN PDI AP FE bR,
T I LT 2R SR I8 HE S R ) 3 MR R, IRl
it 3 K12 3 7KF i Box-Behnken %M [ v Ak AL 45 3]
AMETT o A TTIGUERIGUESE, Za b T 9K
KERIARAN PDI 0N, BN 1 KB3R5 /NS 1)
TEARRE . DL 6907 &0 A ORI 71 1S 2 VR Tk &
MR8, iy —.

G /N BER S K B 2 12k 24 R )LL)
2909311, XM RE (SERERR) KRGO
DR REE- R 30 1 WA BRI G, FEARRT
GaJTH R 2 Le], AT HETR BT
—IE IR e 3 1 R, gk S A
BH EMNZER. RMAEEERKEH 2, &
CAAS [R] F 7] S R AR ) A 2RO A P24, PR bk — 3
25 eI AN S AH ]

gE b, AW R T ORISR SN EEAE

BRI, SeBL T A RIER R, SRR T

Frign T HARR AR E e RS e R R, B

BORBUE, NJESAHRBIFIBE U BE T 24, (2

Xt H AR T EE e 5 B i w3t — Lt AT T
FlAEAR PIAEEHFARELEF YR
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