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Optimization of Preparation Process of ZnO-Curcumin Nanoparticles by Box-Behnken Response
Surface Methodology
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ABSTRACT: OBJECTIVE To optimize the preparation process of ZnO-Curcumin nanoparticles(ZnO-Cur NPs). METHODS
The groups on the curcumin molecule could form hydrogen bonds and coordination bonds with the hydroxyl groups on the
surface of zinc oxide nanoparticles, which be used to prepare ZnO-Cur NPs. Based on the results of the single-factor tests, the
preparation process of ZnO-Cur NPs was optimized by Box-Behnken response surface methodology with drug loading efficiency
as the indicator, and temperature, pH and ratio of blank ZnO NPs to curcumin as the response factors. RESULTS The
optimized preparation process of ZnO-Cur NPs included preparation temperature of 90.3 C, pH=8.93, and ratio of ZnO NPs to
curcumin was 1 : 2. Under this process condition, the drug loading efficiency of ZnO-Cur NPs was 29.33%, and the relative error
with the predicted value(30.15%) was 0.60%. CONCLUSION The optimized preparation process of ZnO-Cur NPs is stable
and feasible, and it is suitable for the preparation of ZnO-Cur NPs. Meanwhile, the established regression model is reasonable.
KEYWORDS: curcumin; ZnO nanoparticles; preparation process; Box-Behnken response surface methodology
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Fig. 1 TEM of ZnO NPs(a) and ZnO-Cur NPs(b)
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Tab. 1 { potentials and hydrodynamic sizes of the samples

FE ¢ L /mV 7KALKLAE /nm B2/ Cich
ZnO NPs +18 354 0.429
ZnO-Cur NPs =22 89 0.188

2.2 ZnO-Cur NPs #2455 ()i &
221 (A% R0 HPLC &% X &ht,
Diamonsil Cjs {434 (4.6 mmx250 mm, 5 pm); i
YitH: CNE-pH 2.8 VKEEFR/KEEW(90 = 10); Pk :
0.8 mL-min~'; #:i&: 30 °C; MK . 430 nm;
HERER . 20 L.
222 REWAEIRE IR SA TR A R AR
B # Z X IEA 0.02 g F 100 mL B3, I E
EREZPEH A 1 mL A 200 pg AR IE AR
EIFE

PER A ARG 25 . A AREL ZnO-Cur NPs
0.02 g, & 100 mL )i, FVKESRRAEME, N
MR R AR, A, HAE.
223 FRAEMZTA KA 2227 WF
o R SRR, FRRE R 0.5,1,2,4,8,16,32 pgrmL,
TE 430 nm NI ERE | LUXT A Sk B MR AR AR (x)
VTR AL FR(v), HEATEERIA 45 mH )5
H y=123 706x+22 174(7=0.999 9).,
224 JrRFEHEE USSR RSD O 1.89%:;
0.5, 4, 32 pg-mL™' AYXHIAS H N RSD 435K
1.57%, 1.28%, 1.01%, Ha] RSD 4514 1.53%,
1.39%, 1.39%; {5 24 h WOEERE, e
NETE 24 h N5 ; B MRS RSD N 2.88%(n=6);
ZnO-Cur NPs fFE IR 101.21%, RSD A
1.46%(n=9).
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W, % “2.2.17 WUR ORGSR 20 pL, TR
AN RIHE R RS 2 =g KR ) 2 8 R i
/ZnO-Cur NPs it JFi 2 x100%
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Fig. 2 Efficiency of various factors on curcumin-loaded of ZnO-Cur NPs
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Tab. 2 Factors and levels

20 40 60 80
il 15 ] /min

x4 TELHMER

Tab. 4 Results of variance analysis

- K- Ji 2RI B HBEE ¥ F{d P i
-1 0 1 i 1305.29 9 14503 57638  <0.000 1
A/C 85 90 95 A 8.10 1 8.10 32.19 0.000 8
B 8 9 10 B 10.81 1 10.81 42.97 0.000 3
C 101 1:2 1:3 C 94.88 1 9488  377.05  <0.000 1
AB 0.04 1 0.04 0.16 0.702 0
% 3 Box-Behnken % if 54 £ AC 1.76 1 1.76 6.98 0.033 4
Tab.3 Box-Behnken design and results e 0.20 | 0.20 0.80 0399 5
g s v % C 1% A 226.77 1 22677 90121  <0.000 1
1 1 -1 0 16.60 B2 248.10 1 24810  986.01  <0.000 1
2 -1 -1 0 14.90 c? 597.63 1 597.63  2375.09  <0.000 1
3 0 -1 -1 8.55 5k % 1.76 7 0.25
4 1 1 0 15.15 eS8 0.99 3 0.33 1.71 03022
5 0 0 0 30.10 EINAD S 0.77 4 0.19
6 -1 0 1 13.65 Jay- s 1307.05 16
7 0 0 0 29.30 FRifEfR 22 0.50 g 2AL 0.998 7
8 0 0 0 29.80 ¥t 17.27 KIEMAE 0.996 9
9 0 0 0 30.50 5 5 2R 2.90 T e 0.987 0
10 0 1 -1 5.10 T % 277 Al 17.04 (L3 63.476 9
11 0 -1 1 15.15
0 0 . . 12.60 BRI F=576.38, P<0.000 1, W[5 7
13 1 0 1 9.05 _TFHAFF Eﬁ} yi]ﬂ:[ﬁ P=0.302 2>0.05, ﬁimlﬁxﬁ
14 -1 1 0 13.05 %, RHUERILGIFE L, WP RE R
15 0 0 0 30.00 W, WTIHTF ZnO-Cur NPs itk A3k
N 560 RN, — O C MRS R R
v : 0 : A RISIR (P<0.000 1); —WKIT A, B XABEERA H
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J¥ B 3E RYFEIE (P<0.01); S HIH AC XHAZR LS R A
WE R (P<0.05), kI A%, B2, C? XHAK4s
WG W B3 B 50 (P<0.000 1), R E 2R3k 3
0.998 7, A% IE $UA J3 (8 0 39 000 4004 B {043 301 b
0.996 9 F1 0.987 0, M#FHiEE HH AL TAE
SCRTER, LB TSI [RE )7 B RE NS 3 s
AU T 5 PR R 22 B

HRPEIRIRZE R, DL o (Y) A e o (B X i 45
WFEI(A). #145 pH(B). 2511 ZnO NPs 5% E 1
BB AT 2 on e vk A A — ik 21002005 #4
A, BRI Y=29.94+1.01A-1.16B+
3.44C+0.10AB—0.66AC+0.22BC—7.34A2—7.68 B>~
11.91C%*, W# 5,

RS —MEIAEER%K
Tab.5 Regression coefficients
polynomial equations

of the second-order

WE RN HWEﬁ@ﬁﬁﬁﬁ?mﬁﬁtmﬁig%
R 29.94 1 0.22 29.41 30.47

1.01 1 0.18 0.59 143 1

-1.16 1 0.18 —1.58 —0.74 1

3.44 1 0.18 3.02 3.86 1
AB 0.10 1 0.25 -0.49 0.69 1
AC —0.66 1 0.25 -1.26 —0.07 1
BC 0.22 1 0.25 -0.37 0.82 1
A? -7.34 1 0.24 -7.92 —6.76 1.01
B? —7.68 1 0.24 -8.25 -7.10 1.01
C? —-11.91 1 0.24 -12.49 -11.34 1.01

2 1 1 SE B (E AN DL & 3, SEPRAES T
I AH B A T A S PR (R?=0.998 7), KIS IL
W I B S & R 5 — 7T, #HT
B 2243 T AR B [ 58 401, W AR BR 25 1
IE SRR AN 22 5 WO e 1 58 1. Bk 22 VR AE— 5%
HZ&k b, RRZEZE®SMN., WA, HREE
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Fig. 3 Residual analysis diagram
2.4.4 BAFRE:  #id Design-Expert.V 8.0.6 4k {4
XPRERUK g B, 198 T A5 BURl 4
%5 4 ZnO NPs JR:&7 5 mL T 100 mL =i,
JA 10 mL Y2235 Z A DMSO %k, pH=9(}x
Pt pH 4y 8.93, MR PRIGLLIEEH 9), 90.3 CT
JW 20 min 5, 2 000 rrmin~' B0 5 min, F L
W, F 2 mL ) DMSO ¥E¥& 2 K, 2 mL SPEEVEM
1 )5, BI45 ZnO-Cur NPs, 7Ei%54F ZnO-Cur
NPs 3525 8k Bl i KA 30.15%. e fiuib 5 il
%% 3 4lt ZnO-Cur NPs, 735 Hak 2y &, 115740
¥iR7E, 48R N, ZnO-Cur NPs fy#k 25 (E
}29.33%(RSD=1.58%,n=3), S RITHINE 30.15%
IAERTIRZE R 0.60%, RITIZ T A4 . 5,
I L 158 B ST A [l AR A 5 B
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