5706 * ¢ %% Chinese Traditional and Herbal Drugs 25 50 % #5233 2019 12 A

- BHELY .

Box-Behnken S N H AL B E EAZFI R E IR FZ 7T BVE 5 EELN O BRZN
KRB FSETZMR

o, REF, RIEF, AaET, RIS, O OR, T OW, R4
TLPEHEZ K ZZ %0, IV BE 330004

# E:BAH RH Box-Behnken #5514 57 J0E /M L BN H 20 25 & BAR R AOKRL (Pur-NPs) L4 Tr. 53& R
FH 2 )45 B AR 2 5 TR A TR R AN AN KR (Pur-CS/SA-NPs), DLSESRBHFE IR . 258 0E pH 1. Wm0 SR JE .
PEFEGE . BEEERa), AR, RARNERRER, UEHRE, RAR. FE. 208388 (PDD RNiFMfers, #HTH3
F#= %%, FIf Box-Behnken Z{USTHEIHEARERMA ST, WAL T AT RAE RABIMRCELS . S8R PRE A4
BVE AL T AT RN R IR 0.45 mg/mL, AT RIREAN 0.07 mg/mL, 5CHME pH {H 4.33, ## 316.49 r/min.
T S ERAETTE, R AL TT i AT T T KT 0.45 mg/mL, VRN B 0.07 mg/mL, FEWE pH {5 4.3,
K 300 r/min, AT 3 WSEIGHHTINUE, FIRYKRIAEE R (89.0561+1.680) % #HZE (44.528+0.840) %. “FHhife
(208.327+1.870) nm. PDI0.13140.006. ZidRAE, YOKKIEASTEL, HARIMEBELITTA, YRR Ed & f& 177
9 Higuchi B, HIEREUIREPLRBEING, RAIPPRRIEEIIBEBRRLF. 458 KA Box-Behnken S THIEMAL T
Pur-CS/SA-NPs [1ib75, LAF¥IKi4E. PDI. GEHZE, WMAENBIRITANZEA, BRI LRI SLR, R IZHR
T R AT

KR HRE; 90Kk Box-Behnken; Hiff; ZoHUEE; i ZE; RAE

hESES: R283.6 NHERFRERE: A MEHS: 0253 - 2670(2019)23 - 5706 - 08

DOI: 10.7501/j.issn.0253-2670.2019.23.010

Self-assembly method of preparation of puerarin chitosan/sodium alginate oral
nanoparticles by Box-Behnken response surface method

YAN Jie, GUAN Zhi-yu, ZHU Wei-feng, ZHONG Ling-yun, WU Wen-ting, ZOU Bin, LI Na, CHEN Hong
School of Pharmacy, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China

Abstract: Objective To screen the optimal formulation of puerarin nanoparticles (Pur-NPs) by self-assembly of chitosan/alginate by
Box-Behnken response surface method. Methods Puerarin chitosan/sodium alginate nanoparticles (Pur-CS/SA-NPs) were prepared
by self-assembly method. Taking chitosan concentration, chitosan pH, sodium alginate concentration, stirring speed, stirring time,
ultrasonic power, and dosage as investigation factors, the encapsulation rate, drug loading, particle size, and polydispersity index (PDI)
were used as evaluation index to investigate the optimal prescriptions using the Box-Behnken response surface design method, and the
optimal formulation was characterized and released in in vitro experiments. Results The optimal formulation from the optimized
self-assembly method was as following: chitosan concentration of 0.45 mg/mL, sodium alginate concentration of 0.07 mg/mL,
chitosan pH of 4.33, and rotation speed of 316.49 r/min. For the convenience of experimental operation, the most optimal prescription

was determined to be chitosan concentration of 0.45 mg/mL, sodium alginate concentration of 0.07 mg/mL, chitosan pH of 4.3, and
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rotation speed of 300 r/min. The results were verified by three parallel experiments, and the encapsulation efficiency, drug loading,
average particle diameter, and PDI of obtained nanoparticles were (89.056 + 1.680)%, (44.528 + 0.840)%, (208.327 + 1.870) nm and

0.131 £ 0.006, respectively. After characterization, the morphology of the nanoparticles was intact. It can be seen from the in vitro

release experiments that the equation fitted by the nanoparticles was Higuchi model, and there was no burst release during the release

process, indicating that the nanoparticles were released well in vitro. Conclusion The prescription of puerarin chitosan/sodium

alginate nanoparticles was optimized by Box-Behnken response surface method. The model was evaluated by average particle size,

PDI, encapsulation efficiency and drug loading, and the characterization results and in vitro release test showed that the model had good

predictability.

Key words: puerarin; nanoparticle; Box-Behnken; particle size; PDI; encapsulation efficiency; drug loading
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(e SR - R AR KR (CS/SA-NPs) U781, |
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(CAS: 9002-07-7), Solarbio A 7], #t5 1030E0426;
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2 HESHER

2.1 BHIKZEHIE Pur-CS/SA-NPs

2.1.1  fERTREIECH] PR SAL FALES. CS
250.0 mg T 10 mL =i, H/KERRZIE, EHEE
fl TR UK FE A AT

2.1.2 Hil&E RE R CS RSB 400 pL
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Fig. 1 Puerarin standard (A), Pur-CS/SA-NPs suspension
(B), and blank nanoparticles (C)
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LHEXRR.

2.2.6 FEEERE BUE. . & (0.015. 0.030.
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Kift. PDI. GHEFMEL RN REERE, #H
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DIZRAE 90 kHz 2 J5 X 4NKRLRE AR S5 35 Jo 2 0 o 43 HF
AETIRER T WA BT ] % /4 Pur-CS/SA-
NPs it . 2425 =i 10 mg B, Pur-CS/SA-NPs
RS IR P ATh Pl S AT A G 0= A
Pur 2R E N 10 mg. ZEE RN EH LR, &L
5 N 0.05 mg/mL, HEFE R E]2N 10 min,
FINER 90 kHz, #HiiFERfTE] 1.5h, #Z5%& 10 mg, AT
IR BRI PDI fefi%, A R A2 K.
2.5 Box-Behnken 3N &AM LA S

KA BR IR RS20 45 B, SR A Box-Behnken &%
VRN 4255754 % Pur-CS/SA-NPs #4754k 77 1
b, FEELR 2 A (CS R B (SA JFRERE ).

C (CSW pHE). D (i), I dit W&k 1.

H#E Design Expert 8.0.6 #fF, #-FIghife, £
SR E (PDD . 33 AR MR E RN 0~
1 BA—E, &b —ER L%, 5adF
JH—{4 (OD), %A OD=(didp**-d)* HEATHH,
k NFEARER22, XA, B2 R U O
U, “PHkiie. PDI HUEER /N ERGT () R 25 40 )R H
Hassan 777, 28573 5 #oRA5 V9 —1H dimax M1 dimin
NI, B 4 2475 Box-Behnken 0N [H VARG
SR NEK 1, i ODE &R R TTE N rai R MK 2.

dmax=(Yi— Ymin)/(Ymax — Ymin)

Amin=(Ymax — Yi)/(Ymax — Ymin)

F£1 HEZEEFZ Pur-CS/SA-NPs Box-Behnken NN EIE AR ZHSER (n=3)

Table 1
self-assembly method (n = 3)

Experimental arrangement and results of preparation of Pur-CS/SA-NPs Box-Behnken response surface by

RIS  A/mgmL™') B/(mgmL™) C D/(rmin')  ¥iff/nm  PDI  AEEE/%  #HHE/% ODH
1 0.45 (0) 0.08(0)  6.00(+1) 450 (+1) 4573 0275  70.790 35395 0.340
2 0.45 0.10 (+1) 6.00 300 (0) 429.1 0.311 73.170 36.585 0.405
3 0.45 0.08 4.50 (0) 300 225.6 0.118 87.960 43.980 0.899
4 0.60 (+1) 0.10 4.50 300 459.4 0.423 71.470 35.735 0.278
5 0.45 0.05 (1) 6.00 300 441.3 0.396 75.980 37.990 0.372
6 0.30 (-1) 0.08 4.50 450 447.3 0.362 73.990 36.995 0.370
7 0.45 0.08 3.00 (1) 450 434.4 0.375 76.980 38.490 0.409
8 0.60 0.08 6.00 300 396.4 0.277 77.780 38.890 0.520
9 0.30 0.05 4.50 300 436.5 0.335 76.440 38.220 0.431

10 0.45 0.08 6.00 150 (-1) 511.2 0.482 62.040 31.020 0.057
11 0.45 0.05 3.00 300 442.6 0.368 74.380 37.188 0.375
12 0.60 0.08 4.50 150 428.7 0.388 75.360 37.680 0.382
13 0.45 0.08 4.50 300 194.1 0.162 92.450 46.225 0.960
14 0.45 0.10 4.50 150 485.3 0.390 64.980 32.490 0.184
15 0.45 0.08 3.00 150 473.7 0.346 66.950 33.475 0.248
16 0.45 0.10 3.00 300 414.2 0.336 76.770 38.385 0.453
17 0.45 0.05 4.50 150 464.6 0.344 67.100 33.550 0.258
18 0.45 0.10 4.50 450 450.4 0.316 72.600 36.300 0.376
19 0.30 0.10 4.50 300 560.3 0.330 61.990 30.998 0.000
20 0.60 0.05 4.50 300 434.0 0.326 72.040 36.020 0.374
21 0.45 0.05 4.50 450 395.9 0.296 78.140 39.070 0.514
22 0.60 0.08 4.50 450 499.1 0.359 63.230 31.615 0.147
23 0.30 0.08 6.00 300 462.1 0.400 68.100 34.050 0.247
24 0.45 0.08 4.50 300 200.7 0.143 84.320 42.160 0.838
25 0.45 0.08 4.50 300 230.8 0.133 85.020 42.510 0.837
26 0.60 0.08 3.00 300 388.3 0.286 80.260 40.130 0.557
27 0.30 0.08 4.50 150 533.6 0.493 60.336 30.168 0.000
28 0.45 0.08 4.50 300 198.1 0.104 88.970 44.485 0.942
29 0.30 0.08 3.00 300 387.1 0.291 81.280 40.640 0.569
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M. F Design Expert 8.0.6 %ffLL A, B. C. D  AD—0.011 BC—0.016 BD+0.031 CD—0.290 A>—
NEZE, OD HARNAZE, #1T 2 WA ZEH 0270 B>—0.210 C2—0.360 D* (=0.912 3, P<
EHALA, B35/ 0D=0.990+0.053 A—0.052  0.000 1), HZEmELRES 3D thk KA 2.
B—0.056 C+0.086 D+0.084 AB+0.071 AC—0.150 Box-Behnken R AT & THE R, SR

F2 HBEEEF|E Pur-CS/SA-NPs OD EEEZLARKF A EDHT (ANOVA)
Table 2 Self-assembly method for Pur-CS/SA-NPs OD value regression coefficient and variance analysis (ANOVA)

TERIECFHM AWmE By Fla  Pla |JrZkiE CPOrM HBE 905 Fii Pa
A 1.770 14 0.130 10.400 <0.000 1} CD 3.721 X107 1 3.721X1073 0310 0.5890
A 0.034 1 0.034 2.810 0.1156| A? 0.550 1 0.550 45.140 <<0.000 1
B 0.033 1 0.033 27700 0.1225| B? 0.480 1 0480 39.690 <<0.000 1
C 0.037 1 0.037 3.070  0.1014| C? 0.280 1 0.280 22.700  0.000 3
D 0.088 1 0.088 7.220  0.017 7| D? 0.860 1 0.860 70.910 <<0.000 1
AB 0.028 1 0.028 2310  0.1511| %%&% 0.170 14 0.012
AC 0.020 1 0.020 1.670  0.217 3| K$I  0.160 10 0.016 4.820 0.0717
AD 0.092 1 0.092 7.520  0.0159| iz 0.013 4 3266X107
BC 5.063 X107 1 5.063X10™* 0.042 0.8413] &F 1.940 28
BD 1.024X1073 1 1.024X103 0.084 0.776 0

B/(mg:mL™")
D/(r-min~")

0.52 . . 0.37 0.52
A/(mg-mL™) A/(mg-mL™)

D/(r-min"")

0.52 375 0.52
0.36 A/(mgmL™) D/(rmin™) 295~ — 0 36 A/(mg-mL™")

375 ~—~_
D/(rmin) 225"~ o6 B/(mgmL™")

B2 %R OD 5 A. B. C. D4 MEENEFSLEFM=HthmE
Fig.2 Contour map and 3D surface map of four factors of effect value OD and A, B, C and D
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J& HABE AR R A T CS iR 0.45 mg/mL,
SA FREKE 0.07 mg/mL, CS AW pH 14 4.33, #
i# 316.85 r/min.

2.6 =MAFEIERE

77, KA TT AT 3 IRSEE A TIE . N T
YET7E, Kl ab 77 72 N CS JREIRE 0.45 mg/mL,
SA FUEIRE N 0.07 mg/mL, CS W pH 1H N 4.30,
¥ 1% 300 r/min, i3 &P IRR S IINME B, &

W45 Box-Behnken R ML AL, 8 HMA  BIENLH R INNE RAF, S5R WK 3.
*3 MNESZNENLER (n=3)
Table 3 Comparison of predicted and measured values (n = 3)
BT P RLAE mm PDI (RESEST) WAR%
e 208.818 0.130 88.276 44.138
SEPIME 208.32711.870 0.131£0.006 89.056+1.680 44.528 £0.840
RSD 0.940 0.003 0.860 0.430

2.7 Pur-CS/SA-NPs HIFR1E

HY Pur-CS/SA-NPs VB & &, AN |,
e LB, Bk re AR, WA RS,
RmICHEESR 90°, MLEF MG EA, MRS E
N LTSS PO . URARE 10 A5 IR 10 ul i
TEEA SCREME A L, & & 5 min J5 FHIE4R T,
TN 0.5%BE S R VA 10 uL T4 L 4t 5 min,
HEETEE TEN B FIE. /£ 1 2iEmm
FE AT W, gekh SELRE, BRiF A
51, KRN —, SERILE 3,
2.8 Pur-CS/SA-NPs {A5MNEZ55006

S AN T B (SGN) F (SIF) NBEA R,
KBTI 5E Pur-CS/SA-NPs RSN 24517 A4,
4 Pur-CS/SA-NPs VR &R % =H 2 mL BiEHT4E
CRRBAMX 70 7 )& 3 500) o, K¢ Pur VAW B
FEREE TENEA, HHLEWm, BEREGRBN
J#i 150 mL FIBEFH, 7€ (37.0£0.5) "C. 100 r/min
PRGN L8 . 439 F 0.25. 0.50. 0.75. 1. 2.
3. 4. 6. 8. 10, 12. 24 h HUFE I mL, [AIEAMN7EIA
BEEAT, 2022 um SLIEREIEE FE, o
BLLW 5 Rk FE N R ARVRBEICE (0D

A

& 3 Pur-CS/SA-NPs B FEMIEE (A) 1 TEM & (B)
Fig. 3 Pur-CS/SA-NPs micrograph of electron microscope
(A) and TEM (B)

n-1

Qn = (CnVJrz CtI/l) / M
i=1

On WS n AMHELSZII0 O, Cu E n URHUREI phy v
RSB % Pur JREIREE, V NBIBA RHSIARL, 7,
HHURERIRRL, M IBHTEE A Pur BT &

MR PG SGN A1 SIF, ll5E Pur A1 Pur-CS/SA-
NPs fEARSM BRI, 2R IE 4 F15% 4.

B R g AT %, Pur JERIZG7E SIF A1 SGN H
8 h 1] QO 1& 99%, 1t 5 BRI T 1, WM$5A
NPs 7E SIF F1 SGN H7E 8 h Ja KRR R
G BT A 7 #2008 Higuchi £578Y, ET?WL
FER L RBEI G, R Pur-CS/SA-NPs {EARAMNEL
R4f.
3 g

FI AR 2R A KR 2 B — AL AMRL 25 24 R 4t Pur
SRR R AR B, BEVEAR . AR AR B PR AL
U, TR g ) 2R

CS EFHETERAEY, FHEA YT BRI,

100 —._ — A
?/r A=t f ————
/
804 f v ___.n
v e
2 o
60
N 4' 4 —=—SGN 1 Pur
) —#—SGN ' Pur-CS/SA-NPs
40 ,z —4—SIF ' Pur
s ¥ SIF #1 Pur-CS/SA-NPs
O 1 I T T T T T T T 1
0 12 18 24

t/min

4 Pur #1 Pur-CS/SA-NPs 7}5I7E SGN #1 SIF & Q
(X £s,n=06)

Fig. 4 QO of Pur and Pur-CS/SA-NPs under SGN and SIF,
respectively (X £s, n = 6)
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%4 Pur 0 Pur-CS/SA-NPs 7357 SGN #1 SIF MASMEHME LR
Table 4 Formula for fitting in vitro release of Pur and Pur-CS/SA-NPs under SGN and SIF
FE b A SGN SIF

Pur TRREIN 0=10.617 t+46.843, »=0.738 6 0=0.086 5¢t+0.6059, *=0.6607
— BRI In(1—0)=-0.5302t—0.497 1, »=0.955 1 In(1—0)=-0.8527 t—0.655 7, *=0.9756
Weibull B%%  In[In(1/(1—0))]=0.356 9 t—0.534 5, >=0.794 1 In[In(1/(1—Q))]=0.369 4 t—0.154 5, »=0.8314
Higuchi #%  0=0.330 7 £'2+0.267 1, 2=0.8816 0=0.2753 1'240.434 2, »=0.824 1

Pur-CS/ FHRIH 0=0.0494t+0.3107, »=0.9306 0=0.0514¢+03635, »=09198

SA-NPs —ZiFEIl In(1—0Q)=-0.128 3 t—0.303 9, *=0.986 5 In(1—Q)=-0.165 7 t—0.347 3, *=0.9859
Weibull B%%  In[In(1/(1—Q))]=0.1515¢—0.998 9, >=0.9213 In[In(1/(1—Q))]=0.156 5¢t—0.818 0, 2=0.908 9
Higuchi B8  0=0.198 6 £'2+0.164 7, 12=0.990 5 0=0.207 8 £'240.209 5, >=0.990 1
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