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Optimization of prescription process of curcumin-piperine polymeric micelles by
central composite design-response surface method
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Hebei Key Laboratory of Neuropharmacology, College of Pharmacy, Hebei North University, Zhangjiakou 075000, China

Abstract: Objective To optimize the prescription process of curcumin-piperine polymeric compound micelles (Cur/Pip
F127/P123-PM) by central composite design-response surface method. Methods The content of curcumin and piperine was
determined by UPLC. The Cur/Pip F127/P123-PM was prepared by thin film hydration method. Based on the single factor test, the
dosage, the mass ratio of F127 and the volume of water were used as independent variables, and the drug loading and entrapment
efficiency of curcumin, entrapment efficiency of piperine and the micelle size were dependent variables, and next central composite
design-response surface method of three factors and five levels was carried out. The analysis results showed and verified the optimal
prescription. Finally, the optimal lyophilization conditions of the micelle preparation were initially screened. Results The optimal
preparation process was as follow: the dosage of curcumin and piperine was 12.96 mg and 0.69 mg, respectively; The mass ratio of
F127 was 0.46, and the volume of water was 8.85 mL. The compound curcumin micelles prepared by the optimum formulation had
the loading capacity of 5.63%, solubility of 1.27 mg/mL and entrapment rate of curcumin was 86.86%. The entrapment rate of
piperine was 77.54%; The micelle size was 66.79 nm and the Zeta potential was close to zero. The lyophilized products prepared by
using 8% mannitol as a protective agent had a good redispersion. Conclusion The model established by central composite
design-response surface method can be used to optimize the prescription of compound curcumin micelles, and the method had a high

accuracy and good predictability advantage.
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Fig. 1 Typical UPLC of Cur reference substance (A), Pip
reference substance (B), Cur/Pip F127/P123-PM sample (C),
and blank micelles (D)
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242 HZiE FEESEME F127 5 P123 ¥4
100 mg; AWEFIF A ARG AR SK
WARFR R S mL, HAMZKAR “2.17 BT, H%
Cur 5 Pip #% 25 & 5714 5.00. 0.25 mg, 10.00.
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173 3R, 5S/KPIE i th-U8 A S, AU
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FJH Design-Expert 10.0.3 it #5531 s
HAT G, 3RS Y. Yos V3 VW fENTEHAZ &
Xiv Xon X MIZ0EMERETRE 2 ARG T2
DA 3 TG . B bR 3 RS RN P
EHE5MRRE (R RISHLEIEIRSHEZ A
72 BRI E RO Bty , & 52484510 2 T
KINE ST : ¥1=6.01+1.58 X;—1.56 X>+0.20

—2.59 X1X>+0.28 X1.X3+0.22 XoX3—3.45 X\°2—
1.88 X22—0.99 X32, P<<0.000 1, *=0.969 5; Y=
83.45—14.07 X;—20.49 X>+7.08 X3—37.08 X;.Xo—
0.48 X1.X3—0.48 XoX;—15.78 X>—24.23 X;>—8.41
X;%, P<<0.000 1, 7*=0.935 5; Y¥3=80.16—5.51

—0.33 X>+1.49 X3—3.37 X1Xo+1.69 X\.X5+4.16
XoX3—21.63 X12—27.92 X»>—21.16 X3, P=0.011 2,
»=0.811 6; Y4=6522+13.41 X;—13.17 X>,+3.82

—25.26 X1X>+11.64 X1 X3+15.10 XoX3+1.12
X12—6.38 X2>—14.64 X3, P=0.0011, *=0.886 4.

#F 1 Cur/Pip F127/P123-PM & L EZE SR LZHIRER
Table 1 Central composite design and results of preparation technology of Cur/Pip F127/P123-PM

W5 Xi/mg X2 X3/mL Y1/% Y2/% Y3/% Ya/nm
1 9.23 (-1 027 (-1) 461 (-1) 298 7125 5458  56.50
2 20.77 (+1) 027 (-1) 461 (-1) 661 7723 5114 7837
3 9.23 (-1 0.73 (+1) 461 (-1) 241 7293 5715 5050
4 20.77 (+1) 0.73 (+1) 461 (-1) 274 3222 4455 4394
5 9.23 (-1 027 (-1) 10.39 (+1 284 7588 5327 4131
6 20.77 (+1) 027 (-1) 10.39 (+1 699 8373 4740  83.80
7 9.23 (-1 0.73 (+1) 10.39 (+1 270 7650 5669  60.48
8 20.77 (+1) 0.73 (+1) 10.39 (+1 326 3262 5102 6434
9 5.00 (-1.732) 0.50 (0) 7.50 (0) 151 8284 6965 5110

10 25.00 (+1.732) 0.50 (0) 7.50 (0) 389 5804 5988  78.06
1 15.00 (0) 0.10 (-1.732) 7.50 (0) 550 8258  60.06 7597
12 15.00 (0) 0.90 (+1.732) 7.50 (0) 303 4135 5680 3823
13 15.00 (0) 0.50 (0) 2.50 (~-1.732) 500 6564 6206 4586
14 15.00 (0) 0.50 (0) 12.50 (+1.732) 531 9000 6845 5178
15 15.00 (0) 0.50 (0) 7.50 (0) 537 7460 7148  56.00
16 15.00 (0) 0.50 (0) 7.50 (0) 597 89.90 7854 6618
17 15.00 (0) 0.50 (0) 7.50 (0) 635 9135 8102 5867
18 15.00 (0) 0.50 (0) 7.50 (0) 577 8431 8710 70.06
19 15.00 (0) 0.50 (0) 7.50 (0) 620 8153 8523  73.69
20 15.00 (0) 0.50 (0) 7.50 (0) 643 7905 7769  66.68

BIRETT Z TR IE 2 3. BL P<0.05
NAEREEZER, W 4B EAEENES,
REHLIF IS e R 368 Wi A AR S o 0F— 2 43 A % 07
R AT, Xy X XiXos X2 X2 20 s
BEWE; X Xy X5y XiXos Xy X220 »f
BEWEW; X2 X2 X320 Vs B BRI X
Xov XiXo XoXs X2 X Ya A R B PERC N

FIF Design-Expert 10.0.3 4] Analysis ikt
22 R 2R TB) 22 HAE R A 30 35 1 22 5 A IR 30 5 42 4
Fre B0 Xiv X054 Yis Xiv XoRF Yoy Xiv Xo % Yas

Xo X XF Yo B = 4250 T [ A 4%
PR OMED, S5 LA 2.

SR SRR AR R Y 5 G2 TR 2 AR 2 45 HA AR i
MIXIH, FREIFZEIRIR Vi Yoo BAREKR, ul
RE/N, 4k8:8NH Design-Expert 10.0.3 4K
Optimization 5HE N &- 4544 iy 15 1) e £ 2% 436 [
BR &R IATT: Cur 5 Pip IRZEEDHIN
12.96 mg A1 0.69 mg. F127 (LN 0.46. /KL
RN 8.85 mL. FMNZELL 25+ R4 Cur/Pip
F127/P123-PM [f] Cur A ESWUEHESH AN

R (3 1 R
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Table 2 Variance analysis for regression model on loading capacity and entrapment rate of Cur
S e ‘ Fjur W= ‘ ‘ Cur fE %
SEOTRL By F1{H P 5 %75 F18 P1fH

it 9 53.966 5996  31.455 <<0.0001 5665.532  629.504  16.117 <0.000 1
Xi 1 11.683  11.683 61291  <<0.000 1 923.866  923.866  23.653 0.000 7
X2 1 11315  11.315 59360 <<0.0001 1950.418 1950418  49.934 <0.000 1
X 1 0.179  0.179 0.941 0.3550 234215 234215 5996 0.0343
XXz 1 5930 5930  31.110 0.0002 1210.744 1210.744  30.997 0.000 2
XXz 1 0.071 0.071 0.372 0.5558 0.208 0208  5.316Xx107° 0.943 3
XX 1 0.041 0.041 0.215 0.6527 6.390 6.390  0.164 0.694 4
X2 1 20.763  20.763 108.921  <<0.000 1 435379 435379  11.147 0.007 5
X2 1 6.165  6.165  32.340 0.0002  1024.692 1024.692  26.234 0.000 4
X3 1 1.720 1.720 9.021 0.0133 123.776 123.776  3.169 0.105 4
Vi 10 1.906  0.191 390.596 39.060

AU 5 1.110  0.222 1.393 03626 184.475 36.895  0.895 0.547 0
ali iR 7 5 0.798  0.159 206.121 41.224

psvill 19 55.872 6 056.128

F 3 Pip BHEMERARZEIIRE FE S
Table 3 Variance analysis for regression model on entrapment rate of Pip and size of micelles
i Pip U3 AR AR
AR SRR H R - - - -
7 A 177 F1H P ~FJ7 ¥177 Fa P1H

TR 9 2 563.440 284.827 4.786 00112 3028.88  336.543  8.668  0.001 1
Xi 1 141.494 141.494 2.377 0.154 1 838.610  838.610 21.600  0.000 9
X 1 0.503 0.503 8.448X107% 09286 805.247  805.247 20.741  0.001 1
X 1 10.308 10.308 0.173 0.686 1 68.064  68.064  1.753 02149
XiXa 1 10.027 10.027 0.168 0.690 1 562.097  562.097 14.478  0.0035
XiXx3 1 2.537 2.537 0.043 0.840 6 120.517 120517  3.104 0.1086
XXz 1 15.313 15.313 0.257 0.623 0 201.482 201.482 5190 0.0459
Xi? 1 818.421 818.421 13.751 0.004 1 2.175 2175  0.056 0.8177
X2 1 1360.401  1360.401 22.857 0.000 7 70.949 70949  1.827  0.2062
X3 1 784.134 784.134 13.175 0.004 6 375.167 375167  9.663  0.0111
57 10 595.171 59.517 388240  38.824

AT 5 436.497 87.299 2.751 0.145 5 162.109 32422 0717 0.6381

aliyR 7= 5 158.674 31.735 226.130 45.226

SR 19 3158.612 3417.126

5.59%-. 88.03%, Pip fuif#Ky 78.78%, “F-¥ykiit
N 62.17 nm.
2.6 HMAFHHIIUEIRLE

DA R A Ak 77 26 AEHf £ 3 #t Cur/Pip F127/
P123-PM, Jll5E Cur #Zi&E. G =R, Pip KL
KR AR, 45 B 4. Cur “FHIE L& N 5.63%-
FEIER N 86.86%- Pip “FHIME RN 77.54%.

SRR N 66.79 nm, SR 5 TR ()% 2
BIUNT 5%, LB ERLE, H 5 ANFEERIERT
RSD {H¥E/N, T EEIMERLT .
2.7 RFHIFIEEIE

P AL T7 il ORI ), 3T 5 mL PR
A, B 1 mL, Z3 0 R AT RN 1% 2%
4%- 8% 16% H 8&lg, =AM, @ik’
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A-X X0 5 Y IRUSTHE B-X\ X X Y,
X0 YA E G-Xow XX Ya RURTHIE H-Xou X3 X Y, (55 i 20 1R
A-response surface of X; and X, on Y,

Xi/mg
VERLE CXXGX YL MANITE DX X0 Y,

X,/mg

B-contour plots of X; and X; on Y}

E-response surface of X; and X on ¥4 F-contour plots of X; and X; on Y4

B R %5 SRR RN AN S £k A

G-response surface of X; and X5 on ¥y

&2

C-response surface of X; and X; on Y,

X%
VR B-X0 X0 X Y IR F-X

D-contour plots of X; and X; on Y»

Fig. 2 Effects of factors on response surface and contour plots of each evaluation index

x4 FRMLFHEIERE

Table 4 Three batches samples for verification of optimized formulation

H-contour plots of X, and X5 on Y,

RS Cur 2 &/% Cur 3 %/% Cur i E/(mgmL™") Pip £ %/% $i 1% /mm
1 5.39 83.17 1.22 79.59 65.01

2 5.81 89.65 1.31 77.43 64.73

3 5.69 87.76 1.29 75.59 70.64
1 5.6340.22 86.861+3.33 1.2740.05 77.5442.00 66.79+3.33
RSD/% 1.28 1.28 1.24 0.86 1.66

PRI 2 VR 50 LR A AR R T RCR
KPR ETHIR R T 4 °C, 30d JEMA 1 mL %

%5 TEAEBHEEN Cur/Pip F127/P123-PM HTF = 5H
FigkiiR K Zeta BBAIRNELNT

BB, A KFRE 50 1505, SR DR ghk Table 5 Influence of mannitol concentration on mean
B SU R4, £ 4088 % (PDD 2 F4 particle size and Zeta potential of Cur/Pip F127/p123-PM
Zeta A, HECRRRLRH A ROy S ot
(R, GRED, SO FGMARKT soonf, 0% Bftm PO B0V
TR AN T A AR TN %, I s — [ 0 64.520+2.973 0.277+0.046 14.570+0.503
B, TN EFKSEELE 1 min PRI AR 3% B 1 77.800+3.285 0.202+0.022 12.970+1.137
VW, 24 h NI . & TR S 2 88.640+1.540 0.189£0.004 12.530+1.620
BRI T Zeta FBATASAL A TN, [ (40540 ) Fi) b 4 88.3001+2.925 0.201£0.015 12.000+1.153
I, Fe kR 2 B, T PDL S Zeta M7 4% 8 94.860+2.088 0.22240.002 10.900+£0.400
16 100.700£2.265 0.2201+0.004 11.000£1.505

JUPFHAA . RTHIF KA. PDI K Zeta HAL
LRI 5. Lra75)18, W 8% H BRE N ERT
TRy

2 A IR AR TR JERAR [ Zeta
AR A 3. 4. HIETTHIE AW, DL 8% H
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W2 DRAPFRIINT s R SR T FB SR 1R 751 14 Jo B R i e
/o SR TS PR U 8 24 S PR B L T 7 ) A
WA DL 5, AT Rn R A1 ke, 2RI
Jeit, HHSS, TOREI S R TEAEX R
I EL N o

A /\ B
10 100 1000 1 10 100

Hi4%/mm
A-Cur/Pip F127/P123-PM B-F127/P123-PM  C-Cur/Pip F127/P123-
PM [%F#71  D-F127/P123-PM FI¥%: T3
A-Cur/Pip F127/P123-PM  B-F127/P123-PM  C-freeze-dried products
of Cur/Pip F127/P123-PM  D-freeze-dried products of F127/P123-PM

3 RREFRESH

Fig. 3 Particle sizes distribution of micelle preparation

1 1000

A B
C D
—100 0 100 —100 0 100

Zeta HLA7/mV

A-Cur/Pip F127/P123-PM  B-F127/P123-PM  C-Cur/Pip F127/P123-
PM ¥ D-F127/P123-PM [T+l 7]

A-Cur/Pip F127/P123-PM  B-F127/P123-PM  C-freeze-dried products
of Cur/Pip F127/P123-PM  D-freeze-dried products of F127/P123-PM

4 FRRHIFIHY Zeta BBAL

sk L

&

i ‘i

=200 =

BAGE AL
0 % 19/07 /43, 165222

A-Cur/Pip F127/P123-PM  B-Cur/Pip F127/P123-PM fJ% -1l 7
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Fig. 5 Particle sizes distribution of micelle preparation
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