. 1556 ¢ ¢ 3 # Chinese Traditional and Herbal Drugs 3£ 49 % 5 73 201844 A

WANE T EM L EEZ TPGS/F127/P123 R &R A TE

WietE, R, EARD, 2F k%, E8E, KAA, k7
Wb T 2B, WAk 5kE 1T 075000

O OE. B RS HELSE K TPGS/F127/P123 RS IR AT T8, DA 25 2 OB 25 70 K (R VA AR E
iR, WAR, FRERHETRER. FE RS Rkl & 22505 TPGS/F127/P123 IRA KR, 1EHRFEZRFHLEN
AR R, EIEHR, RABMPIERNFTE, ZHRKZAE. TPGS AEAM F127/P123 thél (&) KNHEE, HH7T
3NE 7 ARTHE R, Xiess BT 2 O R A, Sflm N AR, G T T &R
B Ab 77 h 2 E R 14.0 mg, TPGS ¥ 150.0 mg, F127/P123 Lol 68 & 3203 HLIIFAb 75 HIVA MRS 9(3.47£0.14)mg/mL,
WEERN (87.1514.39) %, #HEEN (4.70+0.17) %, 48h WIIFEZEN (0.334+0.12) %. 5 FHE TPGS/F127/P123
RERRTT T2 RINERALE, WRERFIRAEENR S, OHREMNEAENEIIER.
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Optimization of preparation of curcumin-loaded TPGS/F127/P123 mixed
micelles by uniform design methodology

YANG Yan-mei, ZHAO Li-yan, WANG Dong-han, LIANG Yu-fei, ZHUANG Zhong-bao, ZHANG Dan-shen,
ZHANG Wan-ming
Hebei North University, Zhangjiakou 075000, China

Abstract: Objective The preparation process of curcumin-loaded TPGS/F127/P123 mixed micelles was optimized with uniform
design method to improve the poor solubility of curcumin in water, aiming to increase entrapment efficiency (EE), drug-loading (DL),
and reduce the precipitated drug (PD). Methods Curcumin-loaded TPGS/F127/P123 mixed micelles were prepared by thin-film
hydration method with modification. Before using the uniform design, a number of preliminary experiments were conducted to identify
the controlled factors such as the amount of curcumin, the dosage of TPGS, and the ratio of F127/P123. The formulation was operated by
uniform design of three factors and seven levels, and its results were fitted by polynomial linear equation, the response surface, and the
contour line in order to choose and verify the optimal preparation process. Results In the optimum formulation, the dosage of curcumin
was 14.0 mg, TPGS 150.0 mg, and the ratio of F127/P123 was 68:32. The solubility of optimum formulation was (3.47 + 0.14) mg/mL,
EE (87.15 £4.39)%, DL (4.70 = 0.17)%, and PD (0.33 £ 0.12)% in 48 h. Conclusion The solubility of curcumin in TPGS/F127/P123
mixed micelles was improved after the optimization of the uniform design method, and EE and DL were also improved.
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T RAEMZGEER, "R RKAEEEZ R Ak,
BN Cur I MREY, B2 —F% (PEG) 1000 4E4E
% E BEIMAE (TPGS) R4EER E RI/KEMERTE
W, 44 & E BRIIRR S (VES) ¥R %: 5 PEG 1000
BEAL T A TPGS BA PRI K 70 7R H A,
P A, R MAER RIS R, R in
Cur [PV FE AN e SR ) 71U R A2 € P, TPGS 7EZ K
RGN, BEDIRA . DK T AR FIZ)
kzgh g w2 s T, B e P123
(P123). H¥HIJETE F127 (F127) F1 TPGS 1F N #ifk
ML &SR G IR H, e ML T B — Ak R
BTl & BRI, R, R AEfE RIE 2 Fhakihbt
B BRSSO E a Hb e B 2Rl 345
Bt & —MiE &2 HEZ KPR ik, 1%
YR ID NN TR 12/ G 5 o b g Bl b u bt
TR R ACE, B sBURAY UK RS, i
ARG BB R RERM . 456 ORI A N &=
FHRMER, ARSI 3 E 7 KPPk
A4k Cur TPGS/F127/P123 IR AR AR HIAL 7 T F5 .

1 #8
1.1 {28

Standby sartorius ME/SE Z 41l & L1 R F, 3§
ZFITR A A IR AR ;s HI-4D H500 i I 38
JIMALE RS, VLB S In i KRB 5T
GAOKE Jig# 728 AL, P T e imBH AR
SHZ-D (1D fEM/KREDIE, T THEEEE
PR 5T/E A 7] DZF-6020 BB 2= 154, TITLR X
a5 JPCQ1028 AU A% il BedL, GRS
HPRHCER AT SHA-B KIRIERIRZ 2%, HM
T EREACESHE A PR A ; Sigmad-15 fGIERA AR S
DML, Sigma 24 & ; Milli-Q 47K £4%, 3% [E Millipore
A7]; Lab Tech UV2100 %77 WAy 6 AL, b
FORMARBIE R A F]; Zetasizer Nano Series 44K K
FEAX, HeE BRSUAER HBR A .

1.2 X%

Cur. F127. P123. Pluronic F68 (F68) ¥3Ily¥:
[ Sigma A 7]; TPGS Mk (FFED HRA
A KON EHAiAK s &R IR, =&
H e ATE K Y R o BT 4
2 FAEEHR
2.1 Cur TPGS/F127/P123 ;R A X RHYHI&

S04 R K AR EERY, B2 & Cur.
TPGS. F127. P123 TAKEF, MMAEEA L

WA, SRR, 0N 1000 t/min, BER 7
R, BREAVUER, TERTEAME, AR TER
Fadr, T 24 h BR AR BIANER], MGG R
teKKAE, #7510 min, fHIRIRS 1 h, HHHHEL
¥J%), 4500 r/min &0 15 min, HCEER, EIANTE

A A 51
2.2 Cur TPGS/F127/P123 ;B &R Cur S =
EFEREN

221 LJEMEEE A RIFRE— e B I E AR R A
Cur, FE/KZEERMBEE—EWRE, 1E 200~600 nm
BHTEAM S (B D. BB 1A, #iks e
fE 430 nm AL EIMRU, XF Cur B & E
T, LEMERLT.

| A

B
R\LJvrfxfg,A//////\\\\\
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Anm
1 ZAFEMRE (A) F Cur ZEERR (B) KINATRIR
WA A
Fig.1 UV-Vis spectrogram: absorption spectrum of adjuvant
(A) and absorption spectrum of Cur in ethanol solution (B)

222 KMEXRARFEE  FREL25.0 mg Cur /KL
B A, EZS 4 25.00 mL, 1E4 1.000 mg/mL ) Cur
it MR EIUESIOE R, MK B
BRI E N 1.04 2.04 3.0 4.0, 5.0 pg/mL
RIS . LUK QBN B R, T
430 nm IEROCE (4) {H. LA Cur I ERE
(C) AR, AERADNR, LhibrdEihsk, 15
VAT 4=0.147 6 C+0.011 5, R*=0.999 2.
g5 L3R Cur 7£ 1.0~5.0 pg/mL Z8PE R R R UT
2.2.3  RESERLG E “2227 WA 1.0, 3.0.
5.0 pg/mL Cur ¥, ZEREEKE, £ 430 nm
WIsE AME, 3A0E 1 d NIESEIE S Ik, BEIH
WFE 2 RSD 205104 0.73%- 0.15%. 0.20%, &K
W1k, LS d, 5 H A% B RSD 73908
1.19%- 0.52%-. 0.32%, 25FRW, KT IR %
A=Y/

224 EEMWRE % “2227 TR EVEEH 2.0
pg/mL Cur WK 6 13, 7 nlEH 4 {59 0.302.
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0.300. 0.305. 0.306+ 0.307. 0.305, RSD } 0.87%,
SRR, AN TTEEE R,

225 fOFEREIEEREE 2 0k 5% 2 BUR R S I
50.0 ug/mL Cur I A 1.00 mL F 15 /> 50 mL £
BEMT, BEMmS N IH, BH S0, SRS
HrnN “2.2.27 TR Cur f &3 25.00. 50.00+
75.00 L, HTKORFEREZIE, T plR
BT, A E 430 nm AbRG 4 fEH, RN
“2.227T R LT R, THE ISR AT RSDCE 1),
AR B SR S E 99.32%~101%, RSD ¥/hF
1%, SEIREERRLF, FFEEK, RARERA R
Cur FII5€ o

F1 MHEEWERIELER (n=5)
Table 1 Experimental results of recovery of samples (rn =5)

BedH Cur INE/ AR/ BIEER/ PRl RSD/

H/ug ug ug % W% %
50.0 25.0 74.83 99.32 99.94 0.84
50.0 25.0 75.05  100.20
50.0 25.0 74.83 99.32
50.0 25.0 74.89 99.56
50.0 25.0 75.32  101.30
50.0 50.0 100.40  100.80
50.0 50.0 99.82 99.64
50.0 50.0 100.20 100.40 100.20 0.44
50.0 50.0 99.97 99.94
50.0 50.0 100.10  100.20
50.0 75.0 124.90 99.87
50.0 75.0 125.70  100.90
50.0 75.0 124.50 99.33  100.40 0.88
50.0 75.0 126.20  101.60
50.0 75.0 125.20  100.30

2.3 AR, HFHEMmakERm g
KWL AN H6 e, RE Cur AR Cur 1
T HUEE Cur RAIFR, HTKCBEEME, I
PR E— €Wk, £ 430 nm AI5E Cur () 4 18,
4G Cur SEMEMZ IR, IMEAHE, S48
APTFEZR
AR =R Cur EEAXN Cur I
2= Cur & &/ A Cur & &+ BAAMED
DR =R Cur &8 1— BT Cur & 2)/R
F Cur = 1
IR Cur 28 1 ] 24 (0 R R 77 Cur (85 s i
Hh Cur &2 4 CHUE 48 h, 4 500 r/min B0 15 min
Ji, FiEWT Cur WEE

24 BEZRER

DAL 2R bR, SR HIFIRRAS,
o e Ak T R R K
2.4.1 WIPIHIEREAM B ARSI 10 mg
Cur. 100 mg TPGS. 100 mg F127. 100 mg P123.
100 mg F68, AHUAFIA ARG, RARENE
M, AKAKE, SERERA 10 min FHEIEIRY 1 h, £
F127. P123 fil F68 X R A AR A 152 . &5
BRI, FERRHIFIF, P123 SHEE R R K,
F68 st /N, HEH F68 Mk sl Fl A,
24 h N HBLVES, F127 A1 P123 BIHI5I 58 3 -
ML PR F127 A1 P123, 453< F6S.
2.4.2 TPGS HEXBIRAIFN  Cur HZEA 25
mg, F127 5 50 mg, P123 ¥ 50 mg, ANLAFIN—
SR, eI ANEIR, KR “2.4.17 10,
*%% TPGS H&4> 54 25+ 50, 100, 150 200 mg
B0 E s AR ACIRAS B sg . S5 R B, B
TPGS HEMN, R ZIH e m, AR5
DA AR, RETLHEAR, # 25~200 mg
(1) TPGS HEMENH TR AR E, HITHR
THRE
243 AR F127 5 P123 B LG i TR A 5
Cur #2584 25 mg, TPGS 24 100 mg, F127 5 P123
(3L E2H 100 mg, BHUAFI A &b, TezZ&iR
FENER, KM “24.17 TR, %% F127
H5P123 el 1:9. 37, 723, 90 1 HXt
A RAPE ARSI . 251K, BSR4
BEF127 5 P123 LI, A S i aei,
RETRLEHEAR, BE 1:9~9:1 1 F127 5
P123 LB E A H 52 A&, #1735
R
244 Cur BZEXNRILHIFM  TPGS HE 100
mg, F127 530 mg, P123 ¥ 70 mg, AHLIEFIN—
SH B, eI AEIR, AKIWEMRE “2.4.17 10,
H%% Cur 2558 100 20, 25, 30 mg X4
BRA ARSI . S8R, B Cur 825
BRI, AEREIAm, RER L
B, RELHIEAR, # 10~30 mg i Cur %%
BIERH LA LN B &, AT SRR .
245 AHPUEFIX AR EISEm  Cur 28N 25
mg, TPGS ¥ 100 mg, F127 5 30 mg, P123 24 70 mg,
TR RER, KWHFALER “2.4.17 T, H5H
BUEF A & H e, =& Wb, FEAITEK SR
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A RAPE ARSI . 25 R1RW, NI K
P, AEREAK LK OESER RS, EFHEK;
PRI A FH TG 7K 2T A P R AR SRR 25 T8 B 2 81k
SEF RS A R R AT R, JE S
(i AR A FRAS T W AR A, {H = G0 e PR )k
PP 6582 Sviok 2 I sy oy Sprs (oSN
2.4.6 FEARIREXT AR IR AR AR AT
[Fl “2.4.57 T, AHIEFI AR, HEEhezEi
JE 25, 37, 60 CXIAEHFRMPBAARSMT I, 25
BRI, M SRR G R M AMIRAS FICH 2%
W, HOREEEIR (25 C) MR,
2.5 AR S

AR R L 2, B Wit 3 IR 7 KT I3 3,

BL Cur #2458 (X)) TPGS FIfE (X)) F127/P123
Hfi] (xy) B, iR, HEMEEN
£2 HEE

Table 2 Factors for uniform design

K Cur/mg TPGS/mg F127/P123 ELf1
1 11 25 20 : 80
2 14 50 30170
3 17 75 40 : 60
4 20 100 50 150
5 23 125 70 : 30
6 26 150 60 : 40
7 29 175 80 : 20

#F3 BERIHTERERLHTMNELR (Xx£s,n=3)

Table 3 Factors with coded values for uniform design and formulation measure results (x £s, n =3)

R = X,/mg X,/mg X; AL/ % HEE % T2 %
1 17 3) 125 (5) 20180 (7) 79.07+0.74 5714027 26.84+0.88
2 26 (4) 50 (2) 30 70 (6) 26.31+1.52 4.3440.23 0.00£0.22
3 11 (1) 175 (7) 40 60 (5) 95.3440.46 3.88+0.26 4.6440.23
4 20 (6) 100 (4) 50 250 (4) 64.98+0.43 6.14+0.23 14.44+0.15
5 29 (7) 25 (1) 70 30 3) 30.9540.26 6734047 0.0040.59
6 14 (2) 150 (6) 60 : 40 (2) 90.90+0.38 4.99+027 4.96+0.68
7 23 (5) 75 (3) 80 3 20 (1) 60.3440.31 7.4240.40 17.7641.08

KH SPSS 17.0 ¥, ¥k 3 hi%ds, MA
Z R ME RN T TR A AL B, 53 DL R
A FE ¥=34.02740.000 1 X,>+3.939 X;°+0.015
XX, —0.955 X X5—0.01 XoX3, R=0.997, P=0.021;
WHE Y=8.777+0.413 X°—0.139 X,.X5+0.004
XoX3, R=0.979, P=0.037; JIf% Y=0.796—0.001
X7 +2.553 X3 +0.018 XX, —0.78 XX+ 0.048
XoX5, R=0.996, P=0.044.

R AT Origin 8.5 25 il = 4 45k [ A &5 2k
B, e, e s R R B /MG F127/P123 Ho
Xs, A Cur 258 X, f1 TPGS H&E X, #HAT1EA,
WL 2 i =4E%0N T AL C A1 E, &4 B, D
FF., HAE B ZE A (I X154,
KD K C GRzE) Wpf%ms; FF2ARE
(TTRRZ) W RISE s L. K B ATREESN,
BRI X, WHE G BEARMIIERZIN,
B X, WE H, Bt i veE .
2.6 mwMATFTITZHISIUE

EFEHMA T, Cur #2552~ 14 mg, TPGS H
TN 150 mg, F127/P123 LLBIA 68 @ 32, #il4% 3 4t

Cur TPGS/F127/P123 VR &, Mm%,
AP R VLR, SRIE 4.
2.7 RifRHINIE

I “2.6”7 TRl #% TPGS/F127/P123 =R
IR Cur TPGS/F127/P123 IR EIEH, KA Ty /R
SCYKRLEE G s ok AR, WL 3. SRR E, =
IR AR AR 24 I AR KL A2 3 /T 100 nm, HAM ARV
Bl A, JBTAKIBARE
3 it

TR R E WL, SRS, EEM
R, Bk E, 7HF Cur TPGS/F127/P123 iR
E R Cur & ENE .

LI, EHR T HRE. B, HIRIRG DU
7 T IR RS SR KA T e L R A HOIR 2
fIsEm. ZER4R, HidE 1 h, BEFEM, 48 h
BN, FREPEZE . HA 10 min A HEEIRG
1 h, B3R B E RS

AW AR R IR E, DEER, R25E
FPURE R FE R, JEHCT MR 3 &R, AT
3K 7 KTV 2080 S T AL T AR AE, 38



- 1560 * ¢ 3 # Chinese Traditional and Herbal Drugs 3£ 49 % 5 73 201844 A

%
(=}
(@}

DR/ %

fud /%
B
(=)
R/ Y%

16

3 5/% WY/ % VUREE%
B 1 D ] F ]
30 4.0
140-g0 1404 40 140 18
40 1
225
éﬂ 1 / éﬂ ] 5.0 éﬂ ] o
! 70/ 50 > ) 50
1 15 1 70 6.0 3.0 1
60 60 60 60+
16 Xi/mg 26 16 Xi/mg 26
G
] 30
1408 s/ 2 Yoo s 40
o0
£
] 7 50
60 15
60
BT T T S 1'6 N ié
Xi/mg X/mg

AQERFMNE B-UERWESL CRABMMNE D-ERABRWESHL EUIBRRNANET F-UIFRNEGE  G-RERMYE
MBI H-EEG RIS
A-response surface plots of EE  B-the corresponding contour maps of EE  C-response surface plots of DL D-the corresponding contour maps of DL

E-response surface plots of PD  F-the corresponding contour maps of PD  G-superposition of EE and PD  H-superposition of DL and PD

2 HNEMFSLE

Fig.2 Response surface plots and contour map

F4 RMLHHEIERLE

Table 4 Three batches samples for verification of optimizied formulation

RS (S B AR/ Y% VB2 /% 5K/ (mgmL ™)
1 83.42 4.53 0.41 3.34
2 91.98 4.87 0.38 3.61
3 86.05 4.69 0.20 3.47
SFRME 87.15+4.39 4.701+0.17 0.334+0.12 3.47+0.14
A B
1 10 100 1 000 1 10 100 1 000
#i4%/mm

B3 Z=ERAKRE (A) # Cur BEKRE (B) WRESH

Fig. 3 Particle sizes distribution of blank mixed micelles (A) and Cur mixed micelles (B)
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RALT5 N Cur #2458 14 mg, TPGS FIE AN 150
mg, F127/P123 LR 68 & 32. MG &AL 7%
WE 7 3 ke 3 HLIRUEALTT BB AR IIE N 4.70%,
5HRRIE Cur BB AR B E (3.52%) P4
LA BT HIAMEIMERN 347 mg/mL, 5
Cur R ZGTE KA ME 11 ng/mLPHIEL, R
FEARR] T R

zi BTk, Cur TPGS/F127/P123 1R &R A AL T7
TzZ&d¥swittiis, §l4 7 Cur TPGS/
F127/P123 JR-EA, Cur 7E7K F VAT B35 4%
m, BB ERMNRAENA —E RS PR
[f) Cur TPGS/F127/P123 1R & IR R R ERE, 438
51, KA FIMEAE 10~100 nm, J& T 49KIE &R,
J%F Cur TPGS/F127/P123 R4 Kok i) Hodth B Ak 1
J5i S 245 BRAE F RO — R A
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