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Preparation and in vitro quality evaluation of curcumin
supersaturated self—nanoemulsion
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Abstract  In order to improve the supersaturation and maintenance time of drug dispersion in curcumin self-nanoemulsion ( CUR-
SNEDDS) precipitation inhibitors ( PPIs) were introduced to prepare curcumin supersaturated self-emulsion ( CUR-SSNEDDS) . The
composition of CUR-SNEDDS prescriptions was selected through the solubility test the compatibility of oil phase and surfactant the in—
vestigation of the emulsifying ability of the surfactant and the drawing of the pseudo-ternary phase diagram. Analytic hierarchy process
was used in combination with central composite design—response surface method to optimize the prescription. The type and dosage of pre—
cipitation inhibitors ( PPIs) were selected to maintain the supersaturated concentration and duration of CUR in artificial gastrointestinal
fluids. At the same time polarizing microscope was used to evaluate the crystallization inhibition effect and the quality and in vitro re—
lease behavior of CUR-SSNEDDS. The prepared CUR-SSNEDDS prescription was capryol 90-kolliphor RH40-transcutol HP-Soluplus ( 7.
93:66.71:25.36:5) with the drug loading of ( 65.12+1.25) mge*g™'. CUR-SSNEDDS was transparent yellow and the nanoemulsion
droplets were spherical with uniform distribution. The emulsification time was ( 21.02+0.13) s the average particle size was ( 57.03+
0.35) nm the polydispersity index ( PDI) was (0.23 = 0.01) and the Zeta potential was ( —18.10+1.30) mV. CUR-SSNEDDS sig—
nificantly inhibited the generation and growth of crystals after in vitro dilution. The supersaturation could be maintained above 10 within

2 h and the dissolution rate and degree of CUR in artificial gastrointestinal fluid were significantly increased. Soluplus could effectively
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maintain the supersaturated state of CUR and enhance CUR dissolution in vitro.
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96.18%) ; CUR (
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20( tween 20) 80( tween 80) (
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sol) . ( labrafil M1944 CS) .
( maisine-35-1) . ( ca—
pryol 90) . ( transcutol HP) .
( kolliphor RH40)
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K30( PVP K30) . B ( HP8CD) .
( SDS )
4000( PEG4000 )
( Eudrgit L 100-55 );
( ) \
N N (
) 400( PEG400) . (
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2
2.1 CUR
Phenomenex Luna Cis
(4.6 mmx250 mm 5 pm) ; 0.5%
(58:42) : 1.0 mLemin"; 30 C;
5l 430 nm.
(x) 11.28~225.60 pgemL™' ()
y=42.311x-13. 19( r
=0.999 9) RSD
2. 0% 96. 73% o
2.2 ( FaSSGF) ( FaSSIF)
15  FaSSGF:
80 pmol L™ 20 pmol L™ 34.2
mmol* L' 0.1 mgemL™ pH
1. 6; FaSSIF: 3 mmol + L'
200 wmol * L™ 68.62 mmol « L'
19. 12 mmol* L' pH 6.5,
2.3
2 mL

48 h 14 000 r*min"’
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15 min
0.22 um 12-propylene glycol 1)
’ n ethanol —_}
I. PEG400 i
capryol 90 labrafil M1944 nseutol HESY i
gelucire 44/14
CS transcutol HP PEG400. cremophor EL
CUR kolliphor RH40
tween 80
° tween 20
2.4 labrasol [ ] cosurfactant
6 labrafil M1994 CS I surfactant
4: maisine-35-1 )
1:100 castor oil -Oll
capryol 90
600 nm I .
( T) PR /mg g
1 capryol 90 labrafil M1944 CS 1 (x£s n=3)
Fig.1  Solubility of curcumin ( CUR) in different excipients
. (x+s n=3)
1
Table 1 ~ Compatibility experiment of different oil phase and surfactant
cremophor EL kolliphor RH40 labrasol tween 20 tween 80 gelucire 44/14
capryol 90 T 62.23 88.31 0.19 0. 87 0.53 87.7
maisine-35-1 T 26. 67 56. 89 0.07 1.21 0.52 0.51
castor oil T 39.72 59.98 0.13 1.39 0.08 0.72
labrafil M1944 CS T 87.9 81.85 12.76 1.27 1.91 0. 06
2.5
2
capryol 90 transcutol HP o . . .
Table 2 Emulsifying ability of different emulsifiers
( Kl“)
1:1 K, 9:1 82 7:3 6:4
1:100 100 mL gelucire 44/14 T 99.77 58.34 1.08  0.18
omin!
37°C 100 1*min 6 labrasol T 0.49 1.97 1.02 2.54
2 kolliphor
RH40 Cremophor EL . tween 20 T 100.23  100.69 0. 31 0. 45
2.6
tween 80 T 100. 69 100.69 0.98 0.19
K,1:9~9:1
1:9~9:1 R 1:100 kolliphor RH40 T 100. 69 100.46 99.31  90.78
100 mL 371°C cremophor EL T 100.69 99.08 82.6  51.52
100 remin”'
600 nm o
10% o Origin 8. 0
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Fig.2 Ternary phase diagrams of blank SNEDDS

2.7 CUR-SNEDSS (Xq) 3.
2.7.1 3
6 5 3 (CR)=0.011 4<
(X,) >AUC  0.10
(X)> (X, >PDI(X,) = (X,) >Zeta g
3
Table 3  Priority judgment matrix for paired comparison of indicators
AUC PDI Zeta
1 2 3 4 4 5 0.376 7
AUC 172 1 2 3 3 4 0.343 1
1/3 172 1 2 2 3 0.150 1
PDI 1/4 1/3 1/2 1 1 2 0. 088
1/4 1/3 1/2 1 1 2 0. 088
Zeta 1/5 1/4 1/3 172 172 1 0.054 1
X,/ AUC=X,/  AUG = 2.7.2 CUR-
(200-X;) /200; PDI=(1-X,) /1; =(60- SNEDDS 1:100 37 C
X,) /60; (X,) =X, / . 100 remin”' 5 15 30 45
60 min 1 mLb 0.22 pm
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HPLC Graphpadprism 6 ( central composite design)
- - 4, Design Expert 8. 0. 6. 1
(AUC); 5.
PDI  Zeta ; CUR-
SNEDDS o 4
2.7.3 Table 4 Factors and level of central-composite design
CUR-SNEDDS (Y)=X,x A B
capryol 90 K, ( kolliphor RH40/
0.376 7/ +X,%0.343 1/AUC /% transcutol HP)
+(200- X;) x0.150 1/200+( 1-X,) x0.088 0 /1+ -1.414 5 0.5
(60-X,) x0. 088 0/60+X, x 0.054 1/ ‘(1) 1;' 93 (l’ j;
RH40  transcutol HP K. (B) 1.414 25 3
5 (x£s n=3)
Table 5 Central composite design and results( x£s n=3)
AUC Zeta
4 B /mgeg™! /min*mgeml,™! /nm Pl /s /mV Y
F1 7.93 0. 87 66. 69+2. 17 14.49+1. 17 140. 70+3. 13 0.47+0.03 6.04+0. 07 =7.27+0. 34 0.82
F2 22.07 0. 87 53.70+3.22 13.88+1.59 34.85+2.07 0.28+0. 04 6.62+0. 45 -8.22+1.01 0. 84
F3 7.93 2.63 64.20+3. 35 21.10+1.03 13.13+0.25 0.22+0. 01 21.65+1.09 -6.67+0.70 1.01
F4 22.07 2.63 53.96+3. 37 13.18+1.22 35.50+2.24 0. 85+0. 05 15.03x1. 44 -4.39+0. 20 0.74
F5 5 1.75 68.35+3. 39 11.65+1.03 17.17+0. 37 0.21+0.02 10. 00£0. 72 -4.82+0. 16 0. 88
F6 25 1.75 49.15+4. 10 13.28+1. 06 30.84+1. 80 0.45+0. 02 7.52+0.52 -4.57+0. 21 0.75
F7 15 0.5 67.01+6. 17 10. 79+1. 47 109. 7£2.75 0.25+0. 02 5.94+0.24 -8.1+0. 21 0. 81
F8 15 3 56.26+2.74 18.15+1.92 17.97+2. 56 0.22+0. 02 22.53+1.42 -4.22+0. 31 0.89
F9 15 1.75 58.36+2.21 14.41+1.85 16. 71+0. 51 0. 18+0. 01 9.86x1.07 —4.47+0. 66 0.87
F10 15 1.75 57.09+2.90 14.83+0. 74 14.92+0. 06 0.09+0. 01 10.44+0. 71 —4.44+0. 53 0.87
F11 15 1.75 59.67+0. 33 14.65+1. 49 15. 80+0. 17 0. 17+0. 03 10. 67+0. 57 -4.02+0. 27 0. 88
F12 15 1.75 59.21+2.35 15.03+0. 51 15. 88+0. 39 0. 15+0. 02 10. 97+0. 68 -3.42+0. 63 0.88
F13 15 1.75 55.89+1.75 14.45+0. 84 15.08+0. 14 0. 17+0. 05 9.68+1.35 -3.84+0.59 0.85
6
Y=0.87-0.0534+0. 025B-0. 0714B- Table 6 Analysis of variance
0.0214%, 6 P<0.05 F P
0.05 4 0.013 55.88 < 0.000 1
+P<0.01 2 A 0. 022 1 0. 022 98.13 < 0.000 1
( A) B 0. 005 1 0. 005 22.57 0.001 4
AB 0.02 1 0.02 88.7 < 0.000 1
2
K‘"( B) o2 A ( P<0. 000 1) A? 0. 003 1 0. 003 14.11 < 0.005 6
0. 002 8 0. 001
. 0. 001 4 0. 001 3.9 0.107 6
i AB( P<0.000 1) 0. 001 4 0. 001
° 0. 052 12
( P<0.000 1)
(P=0.107 6) K,
(A) K, (B) VAUC. <PDI. CUR-SNEDDS 3 3
Zeta (Y) 2 o Design Expert
CUR-SNEDSS 0 8.0.6.1 Y
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SNEDDS (65.12% HPLC Graphpad
1.25) mgeg™ AUC  (21.09+0.05) min*mg*ml," Prism 6 -
- ( AUC) 4,

(15.06+1.12) nm PDI  (0.18+0.01)

A 600
Eudrgit L 100-55 -
500
i -©- SNEDDS HP-4-CD | o
7, 4004 #74 k & PVPK30
DE‘)“OO & PEG4000 Soluplus P
3,500
% ¥ Soluplus PEG4000 \
200 -+ HP--CD
© A PVPK30 4
100 -@ Eudrgit L 100-55
— FiiEAIES  SNEDDS h
T T T T T 1 T T T T T
0 20 40 , /‘fl?n 80 100 120 0 20000 40000 60000 80000
AUC, ,, .. /min-ug-mL"!
B 600-
Eudrgit L 100-55 —
500
- HP--CD 4
2 4001
: Luplus
004 Soluplus H s
% PEG4000 0
© 200
PVPK30 [«
1004
SNEDDS i
y ' ! y I T T T T

T 1
0 20 40 60 80 100 120

#/min 0 20 000 40 000 60 000 80 000
AUC, ,,,../min-pug-mL""
SNEDDS " P<0.05 ™ P<0.01,
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Fig.4 Effect of different PPIs on the CUR supersaturation time-concentration curve and AUC in FaSSGF ( A) and FaSSIF ( B) (x+s n=3)

CUR-SNEDDS CUR o o PVP K30 Soluplus  FaSSGF
PPIs FaSSGF PVP K30 HP- FaSSIF
B-CD  Soluplus  AUC SNEDDS Soluplus o
;  FaSSIF PVP K30  Soluplus 2.8.2 ( PPIs)
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Fig.5 Effect of different concentrations of PPIs in FaSSGF ( A) and FaSSIF ( B) on the CUR supersaturation time-concentration curve

and AUC( x+s n=3)

2.8.3 Soluplus CUR
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Fig.6  Effect of Soluplus on the growth of CUR crystals in FaSS—
GF and FaSSIF( x100)
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