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Optimization of preparation of curcumin-catanionic nanoparticles lipid carriers
by central composite design-response surface methodology
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Abstract: Objective To optimize the formulation of curcumin-catanionic nanoparticles lipid carriers (Cur-CNLC) by central
composite design-response surface methodology (CCD-RSM). Methods Cur-CNLC were prepared by film dispersion-ultrasonic
emulsifying method. A four factor, five-level central composite design was employed, with the solid lipid quality (X}), liquid lipid
quality (X5), lecithin quality (X3), and mixed surfactant concentration (X;) as the independent variables. The dependent variables were
the entrapment efficiency (Y;) and drug loading (15). The data were simulated using multi-linear equation and second-order polynomial
equation, the possibly optimal formulation was predicted by response surface method. Results The entrapment efficiency, drug
loading, average particle size, polydispersity, and Zeta potential of the Cur-CNLCs prepared under the optimized conditions were
(94.38 £ 2.67)%, (6.93 + 0.39)%, (235.9 = 9.6) nm, 0.272 + 0.017, and (—28.40 = 0.35) mV, respectively. The bias between the
measured values and the predicted ones is less than 5%. Conclusion The CCD-RSM is effective and suitable for optimizing the
formulation of Cur-CNLC.

Key words: curcumin; catanionic nanoparticles lipid carriers; central composite design-response surface methodology; solvent

emulsification-evaporation method; entrapment efficiency; drug loading
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BRI 5o AR G5 T DT A 2 4 2 W B
B ZE T I B BT ARG KR 45 24 R 4
AT RT3 G 245 40 1 B it st e DL A BB AL 1) 55
PERL 0T e 254 A ) AN JT I (]
AT IR, H R T

SRS -V Y (central composite design-
response surface methodology, CCD-RSM) J&[E P
A1 F R SES BTG ), L gh BnT H RS
MGt 22 I7E T — AR RN T (RSMD #EAT1LAE
ALl LA B — 2 B, RIWZ o
2 T REARAU A R ZR NS NEAR 2 0] F) R HOR &R, T
XA RE R AR T SR AUAL Ty, 2 A
1P RSN S A i | = AT DR A V1 =2 7w LIPS =
WAL R AR, A, SR ELr, o s
B 45 IR AL I B SR G A5 R, DR A S 0L
CCD-RSM ltfb Cur IE 57 &7 4K 45 44 IR T8 44
( Cur-catanionic nanoparticle lipid carries , Cur-
CNLC) 477", It IFAE AT IR T, N
b4 Cur-CNLC il s 1F1 AR il 770 =i S i 7 2 2
S AR o
1 NFS5HH

Cur, U4 98%, BRVUARILADHI 254 TR
TR OREENG, AEAGEGRIZL, 2GR R
FIATBRA T HRBERR G-50, b EMEAR
AMRDHAE A s AR H S T bR
T NbE = IR, Aok, SR AL
TAA) s BRHRR RN, JeAral, ST AL
A A A AR h 2t

THALIEIEL, 0.45 pm, R T I 5200 e A A7 PR
Ny T-6 BRSO, S TE
WA R TTT A ] RE-52AA e 28 k4%, Ll
WA s KQ2200B BYE S iEEIL, Eilitik
P AT Mettler Toledo AB 204 S HL T4 TR
e, B EHERR)-FE R 2 A s Design expert 8.0, 3%
Stat-Ease 7 7] ; Nano-ZS90 %4 I /R SR A2 M 52 4%,
e[ T JRSCA H] ;s Hitachi-7500 B4 M sE, HAH
SEAFE]
2 AESER
2.1 Cur-CNLC W% &
2.1.1 SR AOK SRR AR 5
Wiy PR 2R A 2y e (R IR TR (R R
HRD . AR PR (BRI R DRI
Frit RGP AR PR . i R R

FZELRIN M2 Cur FITRM 10 mg,  FAARNR)HR
HAE 50~150 mg, WAANG R EE 20~80 mg, B
AR U AE 50~150 mg, R IHIHEPEF A BB &5 7R
BRG] CF SRR AT/ ekt —
WRALER) AE 75~225 pmol HAFR IR A 2 & 1 I,
TE BRI AAKRL RN — L U85 .
2.1.2 Cur-CNLC [Wifil% ¥ E2y Cur Mk )y [
PRRE T WA IR JBUR ORI T R R, A
G ORE, ARG, TREARIANERR, 1
ILRE T B B (01 S I . S A s BIR A R S
PEFIEE T 10 mL 27K, FIHA BB, &5
10 min 532 AIREW, H 0.45 pm TlALIEEE
ik, Ei43 Cur-CNLC!M,
2.2 BHFMFHEMNE

R Cur X G, H 95% L,
AR W 100 mg/L [ Cur %59, WEL
Cur it S WBEE T I 95% L BRI REIE 24435 e 1 kg
FURIRE (C) 754 1.5, 2.05 2.5. 3.0, 3.5, 4.0+
4.5 mg/L [F R HX FE S, 7E 426 nm AR e
B (A {H, 85 Cur fE 1.5~45mg/L 5 4 HER
USSR, MIEJTFE R 4=0.154 3 C—0.000 3,
r=0.999 8; K& H Cur it -GG &, T 95% LB
PRI ORI 43 ) 4.2 3.5. 2.8 mg/L %t
WAL i P AR 3 AN TR B I H A
H [A)4 % 5 )4, RSD 235124 0.31%- 0.28%- 0.79%
F10.74% 0.56%- 1.22%; K2 HHL Cur-CNLC
FUF Cur i 580G T, F 95% L B FRRE 75 i fik
FES3 94 4.18 3.83. 3.47 mg/L MM, MGV
[H % 98.2%, RSD 2y 1.4%, K% B Al [0l %44
(RS W=

SR FH 61 B B Fec 2l s oK R IR L 2R o R
UL Cur-CNLC 1 mL, ¥ AE N BESZ 22 I A\l
e, bREsERE)E, FHAUKMERR, BB
W, A FOCRIGERBS I, B 0.5 mL A IFIGE
A 10 mL &), HIJoK CRERFLIFRRE 2 )
J%, 7F 426 nm &M 4 {H, V5 Cur-CNLC 6
B 1) Cur JFifE; 59 HL Cur-CNLC #1571 0.5 mL % 50 mL
s, H 95% SRS MR R ZIRE, {E 426 nm
AP 5E A1, Cur-CNLC 1 Cur S, HR4E6
ji:‘j$ﬁ‘ﬁ/4\\it @jﬁf$:m &Ji»}éh'qz':/m Jovn 8 /ﬂ\:r'_' m gz
31 mL FFIP S AR E, mase=Ceuone X
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1 mL 570 52 4.8 i Cur-CNLC 8 254 Cur
FIE, 115 Cur-CNLC ' Cur {5, M4 Fak
i AR, WE Cur-CNLC IR R 2 & .
e m WA G B 2 S AR R R 2 i 2
2.3 CCD-RSM fitikib7

7E Cur #2554 10 mg I, XS Cur-CNLC
PEFURE AL W1 4 AN BEERTR IR E (X)),
WA R (X)) IR (X)) FIVRAGR
R (X ERFERERNS, 1E 5 DAKF FATi

FgE, DVEER (v) RIEFR&ZAE () AV
Wriabr 22 ARG, KT SR 45 B 1.

230 RIPIEFRRES, SRS % 1
HHEREAT IS T, A3 B0 IR Z oA
Y,=88.9—12.09 X,+8.23 X,+3.15 X5+2.06 X,—
5.89 X\ X,+5.66 X\ X3+1.36 X\ X,+4.90 XoX;—4.42
XoXa—2.16 X3X,—529 X —16.71 X,°—32.01 X5°—
9.18 X,%, R°=0.9485; Y,=5.05—0.84 X;—0.39 X,+
0.70 X;+0.86 X,—0.31 X.X,—0.36 X,.X;—0.49 X, X, +
0.48 Xo2X3—0.28 X>X,—0.29 X3X,—0.057 X,*—0.54

#F 1 CCD-RSM fiift. Cur-CNLC A HAESFANGEE (X £s,n=3)
Table 1 Composition and observed responses in CCD-RSM for Cur-CNLC (X £s, n =3)

R Xi/mg X,/mg X;/mg X,/umol Yi/% Yo/%

] 70.24 (1) 32.14 (1) 70.24 (1) 105.00 (1) 41974226 2214031

2 129.76 (+1) 32.14 70.24 105.00 12.03%+1.30 3.01£0.15

3 100.00 (0) 50.00 (0) 100.00 (0) 150.00 (0) 89.03+133  4.67+0.40

4 129.76 67.86 (+1) 70.24 195.00 (+1) 38.691+4.49 1.42+0.43

5 100.00 20.00 (—1.68) 100.00 150.00 29.58+4.38 3.89+0.31

6 129.76 67.86 129.76 (+1) 195.00 45.9242.39 3.03+0.21

7 129.76 67.86 70.24 105.00 40.13%2.11 1.08+£0.23

8 70.24 67.86 129.76 105.00 79.15%+1.76 5.03+0.63

9 100.00 50.00 100.00 150.00 89.08£1.00 4.89%0.15
10 129.76 32.14 129.76 105.00 48.514+3.29 3.13£0.34
11 100.00 50.00 100.00 75.00 (—1.68) 62.8712.02 2.49£0.02
12 129.76 67.86 129.76 105.00 51.06%+3.78 2.90£0.45
13 100.00 80.00 (+1.68) 100.00 150.00 61.16%+2.53 3.17£0.30
14 70.24 67.86 70.24 105.00 8542+1.71 2.07£0.23
15 70.24 32.14 129.76 105.00 55.3945.06 4.134+0.21
16 70.24 32.14 129.76 195.00 57.001+2.92 6.75£0.33
17 70.24 67.86 129.76 195.00 70.94+4.11 6.48£0.55
18 70.24 67.86 70.24 195.00 85.72+5.85 4.54+0.36
19 129.76 32.14 70.24 195.00 35.97+4.26 5.15+0.23
20 100.00 50.00 100.00 150.00 89.25+3.91 5.12+0.12
21 50.00 (—1.68) 50.00 100.00 150.00 96.29+2.14 5.98+0.53
22 100.00 50.00 100.00 225.00 (+1.68) 70.371+2.04 5.65+0.31
23 129.76 32.14 129.76 195.00 63.861+4.93 3.27£0.20
24 150.00 (+1.68) 50.00 100.00 150.00 58.771+4.63 3.78£0.39
25 100.00 50.00 100.00 150.00 85.78£3.21 4.8940.17
26 100.00 50.00 50.00 (—1.68) 150.00 88.73£0.64 2.29£0.10
27 100.00 50.00 100.00 150.00 85.79£2.08 5.74+0.33
28 100.00 50.00 100.00 150.00 85.98+3.19 4.98+0.54
29 100.00 50.00 150.00 (+1.68) 150.00 84.98+2.79 5.91£0.36
30 70.24 32.14 70.24 195.00 58.30+6.65 6.20£0.09
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X2 —0.33 X3°—0.34 X%, R*=0.9107.

232 JTESHTMBERE 2 MUS RN R
4399074 0.948 5 F10.910 7, i BEH TP AR
BLAT, A] B Cur-CNLC &b 757 3E4T 40 F
T A 2[RI R H S A T e B Y,

X X XiXos XiXss X2 iR EIH B3 (P<<0.01),
Xiv Xav XXy XXy B35 (P<<0.05), JLABIA L
Fy B Y, XL Xy Xy XX AR (P<
0.01), Xor XiXos XiXs XoX5n oXan X3Xan X5
X253 (P<0.05), HAMABE.

®2 EEARBHEEMENE

Table 2 Significance of coefficients in regression equations

2 d £ 2 d £

A Pl A Pl ER 4 P{H X1 Pl
#HiEE 8890 <0.000 17 5.05 <0.000 1" XX, —4.90 0.001 3 0.48 0.0010
X -12.09 <0.0001°  —0.84 <0.000 1" XX, 442 0.002 9 -0.28 0.029 3
X, 8.23 <0.0001°  -0.39 0.001 4 XX,  -2.16 0.103 5 -0.29 0.026 3
X 3.15 0.0100 0.70 <0.000 1" X’ -5.29 0.000 6" -0.06 0.062 7
X, 2.60 0.028 0 0.86 <0.000 1" X’ -16.71 <0.000 1" —0.54 0.000 3"
XX,  -5.89 0.0003"  —0.31 0.0179 X -2.01 0.124 5 -0.33 0.0112
XX 5.66 0.000 4" -0.36 0.0080 X2 -9.18 <0.000 1" -0.34 0.009 3
XX, 1.36 0.293 4 —0.49 0.000 8"
"P<0.001
233 MBI G A AL GRS ST 80150 mes VR4 FI L 1 h

IR, RN R bR kR iR R 2
Horb 2 S BACREM = 4ERV I (34 2 A B2
B L RUED, SR H L 1A 2.

EREr A E =N B AR, R X
HAATES S, KIHIE Cur-CNLC HIILILAL TS TE
. [ R BT S e [ 70~100 mg; A
i BT R (R R LI L A 40~60 mg,  FLAK T Y

1
Xo/mg 42.35 ™~ 87.25 Xi/mg
]

Xy/mg 87.25 4235 Xo/mg

1 ESEEXM Y

Xy/pmol 130.71_~"42.35 Xo/mg

4 110~190 pmol.

234 EALATTRGE 4 CCD-RSM 458, 153
T B AL 5 X, =70.24 mg, X,=54.07 mg,
X;=11735mg, X;=168.77 umol. &AL T5 4%
34k Cur-CNLC, HAuHFMPAE WL 3. NE3
RIS IR SRS T Ll e i, i 22 1 4
SHEBNT 5%, BRI T PE R 47, BIAT

182.14 112.75
Xu4/pmol 130.71 87.25 Xs/mg

Fig. 1 3D-Response surface plot of effects of each factor on Y;

SN ) = HERG R T ]
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Xs/mg 87.25 42.35 Xo/mg

Xy/pmol 130.71

112.75

42.35 Xo/mg Xy/umol 130,71 87.25 X3/mg

2 BREEREN Y, ZM =N EE

Fig.2 3D-Response surface plot of effects of each factor on Y,

%3 CCD-RSM kS &MATEIEKXILER (n=3)
Table 3 Veritication of optimized formulation by CCD-
RSM (n =3)

s LI %/% B2 %

B S e WONE YAl Gk
1 93.23 95.38 230  6.75 6.55 296
2 93.23 9135 -2.01 6.75 7.32 8.44
3 93.23 96.41 341  6.75 6.91 2.37

P 9323 9438 123 675 6.93 2.62
{2 = (S0 — PO 0 {0

bias = (predicted value—observed value)/predicted value
J7 R AR R 28 SRR 26 &R .
2.4 Cur-CNLC #3214 FR#EE

IS S AL 7144 1) Cur-CNLC, G 7%
TRAKMRE ST, T 0 AE A R M IR Y B, DL 2%
BRIy, (EES BT T LSRR K/ N
Ao SR ILE 3; Cur-CNLC R[RAEKE, 2HEY4],
R IWHKEREINS

Ty UE S RAAL T 25 Cur-CNLC, 7&K
MR T, HBEOCRAR I E SO E FoRIAR A Zeta HY
fro SEFRILE 4, Cur-CNLC [RRLARTE Fl Az,
2y BIREL (polydispersity, PDI) & 0.27240.017,
SER kIR (235.949.6) nm, H Zeta HUALFIYME
Jy (—28.401+0.35) mV (n=3).
3 g

A BT 45 1K) Cur-CNLC £8375 5 HL B 4%,
AN S BIERIE , 52T Kuo 25 BF 5% 1A i 55

3 Cur-CNLC E5 i iEE

Fig. 3 Transmission electron microscopy of Cur-CNLC
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Fig. 4 Distribution of average particle size and Zeta
potential of Cur-CNLC
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KL, Az A 45— LGRS RV T A4 A7)
LS sUAL T % ) Cur-CNLC 7E 4 CRAF
30 d JaAMATI G WAL, AT R AT fE A Ak 5
SDS (ke khi s ) nl w2 R A v,
HANBAE 7RG ) [CTAB (h/Npidk = ik
WA 15 I BELE BRI Vi P N Sl 25 s BRI
Wk AU, M T Cur-CNLC [t
ARSI R A S B B AT I 5E Cur-CNLC (60,3
R, ALK BRI AT AT s Cur-CNLC 595
B E, oy HT LR DN S ol T S R A
GHASFIEM, Cur #tE T9Kas i
BARJE T H TARBOR, 7R SRR A IR
BTV, SEAEEI, IR 25 b T A
BUN, AR RBERLRAT T OR B I T, S BB
HAC LA ALK DA e Rt 70 I SRVt PR A 25 RIT e M A S
5E Cur-CNLC (1AL E %

M= YRGS P R 25 R AT LUKBL, - Cur-CNLC
P df e R 28 24 6 S [ AR I BT R FOBS n,+ JIF A
— 5 Y ] A B VR0 R i A 3 T A1 70 A 4 o o
I, o3 A D BRI 56 S Fi] A Ji J5 R 8 o e T 18 B K
kG, BT RE Z 258), AR AR Bt
FE—EVE NGNS, TR /2 [ m] 7 B
22, EER Y S AN RE R A1
R AFRELR = s R 2 FLLR AR
I ) ) 3 0 o PRI T 5K g 5 e Kok o3
IR SR A, R B A AR R PRI, E
L Y I, TR R AR AT A A T
TR, ANRERI SR T 20K ER, AT 520 daf
HRE L.

ARG FBR ] CCD-RSM %82 1 4K 45 Ky fig
JRBAR R 6 AL T5 2 B Ik A 2 IR fee AL T
Hil 41 Cur-CNLC, i3 i BTRIHOCRAR I 21X
FIL%E, KB Cur-CNLC AP RIBRIE, R
AT, Sy Hias], HARAEZI AT fd %
AL BTG 5 S (8 15 R BAT A Bt 22
K, BEWIASER T AR AIAT, IR — 25T Cur-
CNLC RN AMREBBLE T KA Al
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