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[ Abstract | Objective: To prepare curcumin-loaded Pluronic F127 micelles and clarify micellization
behavior of Pluronic F127 in water. Method: The content of curcumin was determined by HPLC with mobile phase
of 0. 1% formic acid solution-methanol (30:70) and detection wavelength of 420 nm. Curcumin-loaded Pluronic
F127 micelles were prepared by thin-film hydration method and effects of curcumin-Pluronic F127 mass ratio,
aqueous phase amount, pH of aqueous phase and hydration time on drug-loading coefficient and entrapment

efficiency were investigated by orthogonal design. Particle size of micelles was determined by dynamic light
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scattering method. In vitro release profile of curcumin in micelles was investigated by dynamic dialysis method. 'H-
NMR was performed to study micellization behavior of Pluronic F127 in water. Result; Optimized formulation
process was as follows: curcumin-Pluronic F127 (1:15), aqueous phase amount 10 mL, pH of aqueous phase
5.0 and hydration time 1.0 h. Average size of curcumin-loaded Pluronic F127 micelles was about 30 nm with
average entrapment efficiency of 64. 5% and average drug-loading coefficient of 4. 1% . In vitro release data fitted
well to Higuchi equation. 'H-NMR results demonstrated that chemical shift of Pluronic F127 upshifted and signals

broadened with increasing of the concentration. Conclusion: Pluronic F127 has been formed hydrophobic micelles

core for drug-loaded in water, thus showing excellent drug-loaded and release capability.

[ Key words |

vitro release behavior

LZWMER-MRAMBOR, ) ZHEAETEE
R A M FENRE T, B EENE R
WYY . ZEEXMIAS REERTTZ, BAK
Gr AL B Bt sh Ik ks B A Ak TR 4 2 B
PERT, BREPRAR AR B RN H 3% 8 R AE1E K
Vo IE 25 O W AT T S A SRR | B AR A A i PR T
HARG IR ER9HEr B H . AT UL B2, il H
il BLBEAR 2 A R S R A YRR A& YK
WA

Pluronic J& — Pl 5 55 1 & 4, 76 K % W g
T8 % -5 S5 A R A2 /N EL A SE 1k e, 1T S Bk
SR04 2, 38 AT i B R S TR0 ) hE A T R
SCELESHE 0] 45 24 . Pluronic 1 hy 25 1) 4 AR (U]
DA T 4 B %ot 245 4 1 45 Lo, o T 3 ek A o) P 2R
AT 9 /0 240 e Xt 245 4 1 A L DA 36 5 b e 22 24 T
25, BT O W35 E FDA it vfi 7 B 25 i ep i 177
#iHeE 7/~ Pluronic 4 W 76 7K b e AR AL 19 o 72, 4%
A BT8R 2505 e A B AR R AL, 1k 25 9 B ik
F18 o A B W 2L PR R (NMR) B 32 1 T
/LR NN TR A B IR Rl EER R sy
W53 - o TR A 0 B R HL R LAk BRI 1 A AR
FH LA A v 1) SR AR AR TR AR

A SZ 5 DL Pluronic F127 Sy #4418 i 1E 38 iR 56
Lt 2 8 2 Pluronic F127 JEH LT T2, WFA H
B B2 R SR A R i A B Ak T,
JI'H-NMR % %¢ Pluronic F127 767K i) i o 4k 7
N RS F AN R RIEME S %

1 w7

1200 51 = 0B (O AL (5 [ L HER A H])
AVANED AV-500 %Y % i 4t 4 3 3% { (% + Bruker
N ) L, 85-2 AUE YR ) P g (i E]SRAL R AT R
A, TGL-6A R & 2 5 o 2 0 AL (4 3z 17 1138 8
FAERT ), XW-80A T3 i YR A A% (VL 75 0 1] i e

e 2.

curcumin; micelles; Pluronic F127; NMR; orthogonal test; encapsulation efficiency; in

MR DL IRAL RS il 3 A R A W) o 22 80 26 R (Sigma-
Aldrich 23 7], #t%5 C1386) , Pluronic F127 (F§ 5% /R
E AR ), B @52, Koy 281K,
AR R 53 B 4,

2 FEEER

2.1 FE T Z Pluronic F127 RHR A4 % FH # -
IKAGTE i % 22 B R Pluronic F127 LY, FR
B H Z 40 mg A4 7 i Pluronic F127 & FJii Bk
L MATEK 2 30 mL, fii 4k 1 h B ALHM, T
40 C ekt 78 K WL, B0 28 T M L B 5k A 1 A L
R THRGREWANE, BREWENEH 60 TR
A ST A A [ B 1) 25 B KO £, fE R
ot 15 2R A W22 B AR 7K 73 0, 0. 45 pum
IK R ALUE g i, B A5S o

2.2 WA ST

2.2.1 o 1 5 % Hypersil ODS2 f&, %
(4.6 mm x250 mm,5 pm, K% 4K F K 53 B A A A
FRZSHD) s A8 0. 1% W R 7K %5 W - B (30:70)
Pkl 0 mLemin "', PERE & 20 pL, IR N =R K
% 420 nm,

2.2.2 BIEMERE 20 B R A IOR 2
FN R M AR SR A I 2 R SR W R X 22
R MR JC T

2.2.3 trfEMh g S IR R EARIGE B2
B ZRO0F B U Bl A T A I 0 0l s R o A B A
B4 0.5,1,5,10,25,50,100,150,200,250 mg-L "'
B Rk TR VAR, A0 ) F 2. 20 1 THCR B RS S5 5, LA
WA TET AR R O\ A B, BT R BE R R A A, A5 8] IH 7 R
Y=143.87X -98.652(r=0.999 7), KX H X1
0.5~250 mg-L ™" gl RIFLRME R, HIN
55 H AR % R e 45 R R I, 22 1 R IE ALY RSD
¥ <2% FF AR 20K

2.3 EEEBHNE HHEBBOKE W ZERK



IR, 45 - 22 8 R Pluronic F127 325 [ oA i 8 K LR RALAT A 9 NMR 2347

VW 500 L, in A HEE 4.5 mL, Y 1 min, T
4000 remin " B0 10 min, B3 AR E 5
WEF = KR P AP/ G YHRA S x100% ;
AR =FE TP YA B/ (BRI & + B o
2PN AY ) x 100%
2.4 by T2 FEARR R L e %
HWEHKZGE 40 me, ¥ ZE 5 & -Pluronic F127 i &
b KA & KA pH K Ak B[R] o % 22 & L
f B N AR bR, T Ly (3) IE A 56 4 1k 4k O
T2, HWZFKFEILER 1, 02 He a5 - W3k 2,
* 1 =ZE#EZE Pluronic F127 B YK

BHFTEEERREFAT
o AEWE- BAMUME  CAM DKMk
wr Pluronic F127 /mL pH /h
1 1:5 10 2.0 1.0
2 1:10 20 5.0 1.5
3 1:15 30 6.8 2.0

#* 2 ZHEZE Pluronic F127 £BYRRL A I EZET R R HE

No. A B C D fL 3%/ %
1 1 1 1 1 18.6
2 1 2 2 2 21.7
3 1 3 3 3 16. 6
4 2 1 2 3 33.4
5 2 2 3 1 37.1
6 2 3 1 2 24.7
7 3 1 3 2 57.9
8 3 2 1 3 33.0
9 3 3 2 1 63.7
K, 18.967  36.633  25.433  39.800
K, 31.733  30.600  39.600  34.767
Ky 51.533  35.000  37.200  27.667
R 32. 566 6.033  14.167  12.133

P 508 43 AT T, 45 DR 28 X6 A0 3 8 (14 5% Wi )7 A
A>C>D>B W miE R A,B,C,D, , ) % £-
Pluronic F127 ffitg [t 1: 15, /KA & 10 mL,/K#H pH
5.0, 7KAGEFR] 1.0 ho ORI 4b 7 il % 3 b 4024 I
W, HE 2.3 TR J5 k0 45 7 3 40 3 % 64.5% (RSD
0.8% ), F-¥#25+# 4. 1% (RSD 1.2% ) ,

2.5 RRARIE  HA IR RN 2% R
A, IS 1K B RS, T IOGRLEE SO 2 A2
A, 25 5 Pluronic F127 55 F #6042 15 nm,
LW F WA AR 2 30 nm,,

2.6 RANEBEZIT REL CRHZIAENE, BE
BR N 2 mL BT AE b A8 (R A A B
14 000) , & F 100 mL B/ i (0.01 mol-L ™' PBS
ZEoh ,pH 7.4) v, F 37 °C,120 r-min ' PE R

AR A B ik 3. 43 i T AN ) B ) HORE
0. 45 wm L UE B g 5, I S it b A S5 i 55 TR R I
AT, 2. 2.1 T €0 33 5% 4 I 5 g A 1 ] A5 R ik
AT R TR, e BB o £ UL A
A RBV LR PR R IERBESN, HAA R
U REARPE o R R B AT BRI S S5 R R
RSN B AT & Higuchi 5 #2, LG Ir N Q =
0.083 1'% +0.015(r* =0.992 2) ,

80
70 [
60
50 [
40
30
20 [
10 fq
0

BHBRA X /%

0 lb 20 3‘0 4‘0 50 éo 7‘0 8‘0
t/h

1 =X Pluronic F127 F 5 A9 4 5 1% Ay B 2%
2.7 HALL AR NMR BF5%  Pluronic & i R 4A
LG RR E N M 4 ) =ik BE R A, v ] A A G B
TK Y B AN ik Be (PO, I S AH R 556 K 1 R AR
it Bt (EO) ., NMR ik 4 *F'H (4 45 R 45 R h
500 MHz,'H fb.2% {7 % A 4 T 2L TMS 28 0 3% 5, R
FESECT 024, 2IUCECH 32 IR JE 37 C L%
R AR K, Pluronic F127 7 5 7K o 5t £ #k B 43 5
H0.5,1,10 g- L' 5@t 5% 3 PR R E T
Pluronic F127 {43 FIR A&, 0 58 FLRE A ARAT R, i+
WA 1 T S LT 2 ~ 4

K& BOWHIZE HAR

PO i

O |

FEe b BRI 10,1,0.5 g L7 (83,4 [])
B2 AREKEERE Pluronic F127 % 37 C&E sk &1 i H-NMR
& 3,4 A[991,0.5 F1 1 g-L ™' Pluronic 44
(R Tk 27 67 % — 3, 63.75,3.71,3.57,1. 17, &
FEYRJERMNZ 10 g- L'}, Pluronic F127 A YRk
i 87454 3.69,3.54,1. 14,5 0.5,1 g-L ™" (1) & 3% 4H
W 2= 00 % 1) i 5 88 3, {5 5 28 58, 36 3] Pluronic
F127 7 10 g+ L™ i & 3¢ 3 I 7 A 161 B9 R B8 %
- 3.



519 B4 24 )
2013 4 12 A

Hp [ 52 86 07 5 2 2% 56

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 19,No. 24
Dec. ,2013

3 AEKRERER Pluronic F127
737 CE/AHH'H-NMR(53.2~4.0)

PO, gk

4 AFREEERER Pluronic F127
737 CE/XRHH'H-NMR(50.7 ~1.5)

AT HERTILE COIR R T R AW
3 itig

IERIRI A5 R R Y] Z WM R AR R R ek
A A B R e Tk 2.32 g LT (T 4,
ALK S A R D3 T 25 4%, B W] Pluronic
F127 JEAUF A 2 A M RE o 1) RS K Al 1 o 2% 22 1
% Pluronic F127 442K ¢ 9 (4 T 25 7 SR 0] 47, 4025 %
1o A PRI FURCAR 38 A (AT B s ERP &GN ) | 14
IR BGRB8 18 ( >72 h)

NMR 2550, Y ik B 3L Y Pluronic F127 Jit
B R 0.5,1 g+ L7"#F, PO 55 B A9 H-NMR {5 %5
I — 2R RS A0 45 A8, SRS W) DLy TR A R AE
K, PO BE BT DL B iz 8l 5 Bl B BT v A
(=10 g- L"), PO FE P B8 K 40 454431 25, 15 5 T

HAE TEAREE (] 3,4) , 5 vk B i T Il A e o ik

JE(CMC) , iy PO §i B 5 7K % A SORH 23 15, 30 A

HWNE Jz 82 R, PO s AE IR AL ferh ke £ 7

YRR T8 18 i 7K M e B PR A AT P ok b 2 X i 1 245

W, B 25 W R AR 2 . Pluronic F127 Y
« 4.

CMC B, 5 7 HAR Sy 245 Wy 80 MR AT 384 338 23 [
PG RERE TR AP0 Ao
— KA, Pluronic (1 PO i BOBUKC | 2R B e R

FNE K . Pluronic F127 11 PO Ji & /3%~ 30% , n]

TS AR B IR N A%, 7 R (R S A P e

EYE el S R T MRS

Pluronic F127 ff) PO #5 Bt 25 & 0 8 TR W

Pluronic 5-& W) A A= WARZS (G540 ml 45 | Tl B2 B¢

SEOL R TR FLATR ] 5 25 8K R RO T e

Al B S 168 1 25 77 T K49 R A o T

[ &% k]

[ 1] HBRMW 2HEEDOLERDRERIT]. T E
ST AR A ,2012,18(21) :339.

[2] &EHR FwWI, TEL ZEROPRBERLI]. F
H 25 ,2009,40(5) :828.

[ 3] Maiti K, Mukherjee K, Gantait A, et al. Curcumin-
phospholipid complex : preparation, therapeutic evaluation
and pharmacokinetic study in rats [ J]. Int J Pharm,
2007,330(1/2) :155.

(4] SRR, BRI, 2. 22 80 R A0 HR 8 K Rk
WHY 25 322 oF 58 [T]. b 2y % 2% 35, 2009, 44
(9) :698.

[5] #ER,VFdfe, 28, 5. B8R B-HH a5 WY
il % T2 5[ 1], h 54,2004 ,27(12) :946.

[ 6] MA Z, Shayeganpour A, Brocks D R, et al. High-
performance liquid chromatography analysis of curcumin
in rat plasma: application to pharmacokinetics of
polymeric micellar formulation of curcumin[ J]. Biomed
Chromatogr,2007 ,21(5) .546.

[ 7] RIEMW, LK, BETFR, % RS et P-gp K9 %
FEW 123 f£ Caco-2 AUMLE BURYSE M [ J]. v [ 25 2% 2%
W:,2011,46(12) :937.

[ 8] ZHANG J Y,Higashi K, Linwikrant W , et al. Molecular-
level characterization of probucol nanocrystal in water by
in situ solid-state NMR spectroscopy[ J]. Int J Pharm,
2012,423(2) .571.

[9] ZHANG J Y, Tozuka Y, Uchiyama H, et al. NMR
investigation of a novel excipient, a-glucosylhesperidin,
as a suitable solubilizing agent for poorly water-soluble
drugs[ J].J Pharm Sci,2011,100(10) :4421.

[10] Tozuka Y, Higashi K, Morita T, et al. Transglycosylated
rutin-specific non-surface-active nanostructure affects
absorption enhancement of flurbiprofen[ J]. Eur J Pharm
Biopharm,2012,82(1) :120.

[11] Moribe K,Masaki M, Kinoshita R, et al. Guest molecular
size-dependent inclusion complexation of parabens with
cholic acid by cogrinding [ J]. Int J Pharm, 2011, 420
(2):191.

[DiTam i AT ]



