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Preparation and irn Vitro Evaluation of a Novel Nanomicelle Containing HA-DSA Containing Alboflora
Danquinone

YANG Rong, DU Pengfei, YI Jing, SHU Ting, REN Jing " ( College of Pharmacy ,Chengdu University , Sichuan Pharmaceutical
Preparation and Equipment Engineering Technology Research Center, Chengdu 610106, China)

ABSTRACT :OBJECTIVE To prepare a new type of hyaluronic acid-decenylsuccinic anhydride ( HA-DSA) nanomicelles loaded
with plumbagin (PLB) ,and to study their quality and in vitro drug release. METHODS  Firstly, the drug-loaded material HA-DSA
was synthesized, and then the formulation process of PLB-HA-DSA was optimized by Box-Behnken response surface and the in wviiro
release of PLB-HA-DSA was evaluated by dialysis method and the optimal equation was fitted. RESULTS The optimal formulation
process of PLB-HA-DSA was as follows; organic phase-aqueous phase(1:20) ,drug: material ratio( 1: 11). PLB-HA-DSA was spherical
with a particle size of (110.71 £ 2.03) nm, a Zeta potential of ( — 42.12 = 2.34) mV, an encapsulation efficiency of
(92.12+0.06)% , and a drug load of (5.68 +0.06)% . In the in vitro release experiment, the cumulative release degree of
PLB-HA-DSA was significantly lower than that of the API. CONCLUSION PLB-HA-DSA nanomicelles are successfully prepared,
which could retard the release of PLB in vitro and have a certain sustained release effect.

KEY WORDS: plumbagin; HA-DSA micelle; Box Behnken response surface optimization; in vitro release ; nanomicelle
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Fig. 1 HPLC chromatogram results of detection solution of PLB(A), blank HA-DSA(B) and PLB-HA-DSA methanol mixed solution(C)
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1 Box-Behnken 1% 117 B W 3% A 4 A F K 40
Tab.1 Optimization level and coding of Box-Behnken design

response surface methodology

Level

Factor
-1 1
1:20 1:10
1:28 1:7
0.5 1

%2 BBD-RSM 5 ixitty g X E(A,B,C)MELXE(Y)
Tab.2 Independent variables (A,B,C) and dependent varia-
bles (Y) for BBD-RSM experimental design

Factors Responses/nm
Std Run
A B C Y
15 1 0.1 0.09 0.75 112. 12
9 2 0.10 0.04 0.50 142.33
6 3 0.15 0.09 0.50 169.91
16 4 0.10 0.09 0.75 132.13
5 5 0.05 0.09 0.50 167.12
3 6 0.05 0.14 0.75 170. 12
12 7 0.10 0.14 1. 00 177. 56
2 8 0.15 0.04 0.75 145.12
13 9 0.10 0.09 0.75 125.11
8 10 0.15 0.09 1.00 157.56
14 11 0.10 0.09 0.75 107.12
11 12 0.10 0. 04 1.00 114.19
10 13 0.10 0.14 0.50 115.09
7 14 0.05 0.09 1.00 181. 62
4 15 0.15 0.14 0.75 120.21
1 16 0.05 0.14 0.75 180. 78
17 17 0.10 0.09 0.75 100. 12

P <0.000 1,57 ), KL 2 K- 0.198 4
(P>0.05,JC3 50) , »» il ok —0.667 8,7 4 J5 Jy
0.652 8, Rkifa il & A B 2ER . itk
TSR 2% 3, A S5 MARER 1.75% , %M
RS TR RLF, 206 % 18, AR HUN PLB-
HA-DSA [R5 4b 75 A - A HLAH S5 7K 4 B A1 20, 24
Y 5hPR LA 1511, PLB BV R 0.9 mg - mL™',
2.5.1  FAbriear IR e & Ab T o A P
5K 1220, 259 SR 1211, PLB BT &
WeSEHR 0.9 mg - mL™" # fe AL Uy P47 A5 3 it
PLB-HA-DSA , il 75 HORL 48 WL 3% 3, e & 45 PLB-
HA-DSA (1) £ % % H7 (92.12 £ 0.06) % . Fi £2 K
(110.71 £2.03) nm . 225 4 (5.13 £1.06) % . i
WRZEH 1.75% , FRIZ A T EE M R AT
2.5.2 AR BN 5EA BUE & PLB-
HA-DSA Ji 7 2 i M55 1) ] Do) 29 1T, o 8044 2 2l vl
BN I, JBCE 2R 10 min, FE AR B AR,
TN & 2% SRR MR AT, Yo {0 5 min, WE
TP 2577 7% 4 2025 4F 2 J1 55 60 %4 3 0]




Y:Particle size/nm

B:PLB:HA-DSA

0.10 0.13 0.15
A:Organic phase-water phase

Y Particle size/nm

A:Organic phase-water phase

2 ANAEE KM LBI(A) 5 24 5 AN E LB (B) 5 R42(Y) i ¥5 & E L 3D B

Fig.2 Contour plot and 3D graph of ratio of organic phase to aqueous phase(A) and drug-to-carrier material ratio( B) and particle

size(Y)
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Fig. 3 Contour plots and 3D plots of drug-to-carrier material ratio( B) and concentration of the drug( C) and Particle size(Y)
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Fig. 4 Contour and 3D maps of ratio of organic phase to aqueous phase( A) and concentration of the drug( C) and Particle size(Y)
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Tab.3 The predicted and observed particle size values of PLB-
HA-DSA prepared based on the optimal prescription

Batch Predicted/nm Observed/nm Predicted error/%
1 108. 12 1.79
2 110. 09 111.92 1. 66
3 112.09 1.81
4 - 110.71 1.75

ZRWR BT BT E N T ML A 7B Y
HLEE T PLB-HA-DSA L85 2) 73 Aii I BRE B RBRIE
HES BF RN ST R e

T E 22T 2025 452 H 55 60 B4 3

Y :Particle size/nm

Cilyy

Uy PLB A, UP /K iEA7H6 B, SR
SeHr I E (S 5 PLB-HA-OSA ({042 J £ 4y 8 2
H(PDI) Fll Zeta B {743 3147 (110.71 £0.023) nm,
(0.153 £0.04), ( —42.12 +2.34) mV, f £} K Ry
(92.12£0.06)% , 325 M (5.13 £1.06) % , Hokr
oA s] B, SiE i B2
2.6 HAEHLE

BT I AE B 3 R 22, /Ny T2 AE
JE T A9 35 e 25 1 3R 2 T, i 2ok 37 A 2 R
A A G Y32 0B e 2 08N ik B . R
BT, HEHE pH {H 7. 4 .6. 8 1 PBS 28 pp I 1R 1
HBEBA T, 46 0.9 mg - mL™' g PLB A F1 VA T
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Fig. 5 PLB-HA-DSA TEM(A, x40 000) and PLB-HA-DSA particle size distribution(B)
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Fig. 6 Accumulated release curve in pH 6. 8 release medium( A) and pH 7. 4 release medium(B). n=3,x £s

B E s o W F Hsh ) 2g —Hsh )
Higu-chifll Weibell 77 #2454, LA Weibull J7 2 &
IR R AR 4 ~5,

AR 2% BORE f 25 W)Uk B2 115 PLB R BURE ik &
(E6) 752 FhAN[F] pH (BB i 2 v, PLB JR

FIRTE 2 h i 2B Y AL B 80% L I, Bl
S I ] FE K 58 FRURE i B AT B i 14 n, PLB-HA-
DSA 2K i s il R 76 5 h B R BB KT
75% ,AH#T PLB 21 B sk s W I a1 , I o B i)
PIIE K BRI RIS K

F4 £ pH{E 6.8 B/ W SN Bk iy & A
Tab. 4 Fitting of in vitro release curve in pH 6. 8 release medium
Sample Model Expression Fitted equation 2
PLB Zero-order kinetics Q=a;+kqgt y=0.115 7t +0. 423 0.520 3
First-order kinetics In(1=Rt) =ay +kyt y=-0.323 7t -0.655 6 0.649 6
Higuchi Rt = a3 +ksty» y=2.105 7t -0. 207 0.702 7
Weibull In[In(1/(1-Rt)) ] =ay+ky y =0.636 6t +0.037 2 0.844 4
PLB-HA-DSA Zero-order kinetics Q=a;+kgt y=0.152 7t +0. 131 3 0.859 0
First-order kinetics In(1-Rt) =ay +kyt y=-0.296 3t -0.120 2 0.919 0
Higuchi Rt = a3 +kjtyp y=2.3818:+0.173 9 0.949 1
Weibull In[ln(1/(1-Rt)) ] =ay +kyt y=0.790 41 -0. 818 8 0.964 2

VE:Rt - %%E"J?&'fﬂﬁﬁkﬁ%w,l *ﬂyﬁﬁﬂm;‘dl ,ap,4a3,d4 *P‘r%';g&;kl ,k2,k3,k4 - Bw s

Note: Rt — Percent cumulative release of the drug; ¢ — sampling time; a,, a,, az, ag —constants; ki, k,, k3, k4 —release constants.
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Tab. 5 Fitting of in vitro release curve in pH 7. 4 release medium

Sample Model Expression Fitted equation 2
PLB Zero-order kinetics Q=a; +ky y=0.111 4 +0.399 7 0.522 4
First-order kinetics In(1 =Rt) =a, +kyt y=-0.279 8¢ -0.599 4 0.6311
Higuchi Ri=a3 +kst1 y=2.196 61 -0. 196 2 0.706 7
Weibull In[in(1/(1-Rt)) ] = a4 + kgt y=0.615 5t -0.066 6 0.848 6
Zero-order kinetics Q=a;+kyt y=0.132¢+0.113 9 0.8957
PLB-HA-DSA First-order kinetics In(1-Rt) =ay +kyt y=0.2261-0.103 1 0.940 6
Higuchi Rt =a3 +kst y=2.8399:+0.144 9 0.967 4
Weibull In[in(1/(1 -Re)) ] =a4 +kyt y=0.7113:-0.999 8 0.971 7
3 'LTJ' -‘@ mechanism of Plumbagin regulating ROS inhibition of NLRP3

HA/DSA &R b 5 By Hoak ) o+ i i A Ok,
AN LGB DSA A S5 o A8 rh B B 25 T AN [
IR B 3 AIK 25 580 HA-DSA 3% (A s K P i, 534
HALFREEAL, 17 HA: DSA HLBERAIG, DSA QR
W R B A, RS I B AR, 25
B R 110 AL,

7 pH {H 6. 8 F17. 4 (R 24 f, PLB {1
FEURAE 2 h I 2R Y RE A B 80% L I, Bl
A B[] 2E K B8 B BRI W AT B IR B4, PLB-HA-
DSA ZK U HIFRIAE S h B BB AT 75%
HIGgeReat i b, B —EZBRaeR.

ARSI PP HA-DSA 49K B4 Yo, 3%
PLB J& , 5 54 24549 3 2l 1) 21 s 40 i, 05/ 2459
HRETE, S ke e It iR s AR . &
Box-Behnken M 37 [f1 124 35 {0 328 ] 25 149 B o A4 B A% K
JNZASR 100 nm, 5 4R T8 , BURLAEAS ) 9 PN B2 IR &R
GBI AR, BETE ML AR F I TR AAAE , (RIS
EPR 207 52 B %) i 98 3 07 14 4 3 #08 1) 1 T
WFSE S5 AR 5 I I 245580 VAN R i — 25 0 &
BEOE RAT RIS IR, A A RV it 25 KSR
SRR R R R e SR 2R A A
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