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In vitro release and in vivo gastrointestinal absorption of curcumin ethosomes
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[ Abstract ]Objective : To investigate the in vitro release characteristics and in vivo gastrointestinal absorption of curcumin ethosomes
(CMET). Methods ; Curcumin (CM) group, curcumin liposome (CMLP) group,and CMET group were established in this study. The
dynamic dialysis method was used to evaluate in vitro release characteristics. A rat model of in vivo single—pass perfusion was estab—
lished and CM,CMLP,and CMET were administered, respectively,to investigate the absorption of CM in the stomach and intestinal
segments. Results . The cumulative release rates of CMET in the release media(pH 1.2 HCI,pH 6.8 PBS) were (87.77 + 0.20)% and
(84.72 £ 0.53)% ,respectively ,which were 2.25 and 2.26 times those of CM,respectively,and the release curves were consistent with
the Weibull model. The absorption rate constants(Ka) of CMET in the duodenum,the jejunum,the ileum,and the colon were 11.28 x
102,5.24x102,6.12 x 102, and 5.93 x 10~ L/min, respectively ,which were 1.9,1.1,1.6,and 2.6 times those of CM;the effective
permeability (Peff) values of CMET in these four intestinal segments were 9.15 x 107,4.21 x 107,5.11 x 107, and 6.41 x 107 cm/s,
respectively,which were 2.4,1.3,1.8,and 3.2 times those of CM. The statistical analysis showed that there were significant differences
between CMET and CM in Ka in the duodenum,the jejunum,the ileum,and the colon(P=0.006,0.007,0.001,and 0.004,respectively)
and Peff in these four intestinal segments(P=0.000,0.028,0.000,and 0.005,respectively). Conclusion; CMET can improve the in vitro
release behavior of CM and promote the absorption of CM in the small intestine.
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Z W R (curcumine, CM) 2 —F B A P PiA
b BTRY B E R A B L AE 2 A 2 AR AR
BEPERIRTEPE R, IAFK CM TR Ve FH A5 31
TIZWE SR B T HKE M2 H ik
A= W) FHRE AR A i a5, CM 7RI PR i 1 HH 27 1) PR
il PRk 3 AR ER TS i CM B A= R ]
JE BRI SE RS B A B B T R AR A
VBN BP0 28 Bz 45 25 8RR 2 ) Iz piF o H T
1 lfish 26 0Tk AT 5 Al b . AR SOl I 22 R
P S5 44 (curcunmin ethosomes, CMET) 51£ 45 i Jii {4
A, A B S AL R SR
O A B 2 SCHik A 22 % R IR UK (curcunmin lipo—
somes , CMLP) A] $£ & CM B9 4E 9 ) FH B, ifi CMET
FA 11 AR A SO B b 2L, DR G AR S B X L5 48 T
CMET F1 CMLP HYAR SN BEHCRAAE , I B IR 5 T
CMET 4K BRAE 1A 15 BRI O 38 3k IR e 32 A7
RS 3 R WA 7323 55 S H001 0 FI B CMET J&
A REfEE CM s, it — 2058 CMET H il 1%
BEE SR,

1 MRETE

1.1 K7 544

CM (P54 it A R IR R A1 £ >99.0% , FLAS -
10 mg, 43 T+ :368.37, 41t 5 :20141027) ; CMET ( £ 56 % A
il PR L) R 148.5 nm, 25 HRECH 0.155,°F- zeta
LA 2N -7.69 mV, [ 4K 89% , it 5 :20141105) ;
CMLP (523658 [ 41, E X RAR LN 264.4 nm, 2B R BN
0.195, 3 zeta BN -16.2 mV , FE LKL N 70% ,41L5
20141106) ; B AT4E (R A A X 43 F i & 8 000~14 000, FE[H
A RRACI AT ) 5 CBEAE FLADUR Y (382l S50 K
SR AlK
1.2 BS540

T-6 Hr e 5 AT (A6 B0 b id AL A B 58
R s Milli-Q BB2lK R S8 (S E Millipore 23] ) ; AB204S
HLF 40T R (B Mettler Toledo {X #3823 &) ; TGL-16G &5
HWE B ORI ER2AEY) ) ; Nano-Z590 T H5 /R 3¢
BRI E A (B B /R SCA D .

fat e SD KRR, AV 1A 5T 5t (230 £ 20) g, B IRBERL K2
BSER ORI i IESR S - SYXK (1)2014-0001 ,
SRR SAE (25 +3) CRYTREERI(70 £5) %MAHXHREE T B
AR R B FIK, RIS TSR 25T 18 h 288, H i idok, 588
GG W R CBE AR IR RO R — % TS A N

JRIRABE. T A Sl 2 56 2404 B e PR R R R 2 S 30 8 i 22
SHEHER T ST
1.3 IRk A9 B

Krebs—Ringer /N7 8 F2 W - 73 I FKEL NaCl 6.92 g, KCl
0.35 g,CaCl, 0.35 g,KH,PO, 0.16 g,MgSO, -7 H,0 0.29 g,
NaHCO; 2.1 g, #i% 05 2.0 ¢, INZEIBKIEHEARZ 1L, IR
515

CM .CMLP 1 CMET JiA# i ¥ - B 1.5 mL CM ,CMLP Al
CMET, H Krebs—Ringer ¥ 45 2 100 mL, 535l BC il CMI
HEVRU , CMLP 3 BE FL N CMET Jiz BE 1R W, CM ¥k i 34
15 pg/mL,

CM CMLP 1 CMET B ¥ . B 1.5 mL CM ,CMLP Al
CMET, /i pH 1.2 HCI S ZE 100 mL, 20 BIECH B CM 8 i
W, CMLP & #E i W R CMET 15 3 W W, CM ik 35
15 pg/mL, 0.9% 7K BRI NaCl 9.0 g, NZEIR KA iR+
ERE L.

1.4 ARsMEK

LA IRSMBEICERS:  SRAIZIASENTLEE 4 CM CMLP #il
CMET M AMBELTRAE . BUAF MR B (CM W EEX S 1 mg/mL)
CM ,CMLP F1 CMET 4% 1 mL & F b #L i B s eh | 4351
BEAPFIERECA T (pH 1.2 HCL, pH 6.8 PBS) 1, B/ ik
JER 37 °C, 563 100 v/min, A0 FASRIES ]S IRUE 1 mL B
BB, [R1E A0 78 S50 S AR B R 5, E A2 i 3 W, )
SN O B E TR B g CM & i, T
BEBBCR, 1 ARWT  REBCE=01/0 x 100%, X
W Q, ko PSR, Q 2 A, DABURE RS [a] A A A
b, A2 SRR R AR , il A SRl 42

142 RSO G  o0 BIFERORORERY  —JORETiL
i Higuchi 1% Hixcon—Crowel %! Ritger—peppas 7 |
Weibull BEHEIXS CM ,CMLP F1 CMET (444 70 8t it 28 3464740
B RISz RE I R FIWHLA LR

143 MRIEFEIEME L L R E L
AL T, TP CM .CMLP 1 CMET ZEA G4 5 A i B A7
o YRR FEIEA T 0~50, B0 2 SRt A giit
25 HAHA T 50~100, ULHH 2 B 4 2 [l o Ge it 24 2%
5, BUREBA 7oA AR AR s A 100, 2 A5 FE AR ZR (4 AH B
FE b,

1.5 BWRE BRIk

151 K Kagkss B CM XF B & 10.00 mg, &S H
Krebs—Ringer AREECHE CM XTI (T CM 100 wg/ml),
FH CM X} R S i BC ) e BE M 10.0 we/mL OGE R, LIRS
2511 Krebs—Ringer 2 M N %5 11, 78 200~600 nm 36 [ i
TP n] WK A . 25 /R CM 78 426 nm AbA i
KWL, 28 FIAE L A TE MR I, TiE 5 426 nm 4851k
JERE R R
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1.5.2 HrifErRZRAZEE] A ECRIE A& R (100 pg/mL)
0.5.1.0.1.5.2.0.3.0.4.0.5.0.6.0.8.0 mL & F 10 mL &,
%5 H Krebs—Ringer B2 Z0E , $25) HIMALIEE (045 wm)
BEL , LIS E 251 Krebs—Ringer 2 A ZS 1, T 426 nm 4b
DSE WIS D, F AR 3 IR, L D X CM R EE C #F1 72k
PRI A3 briEf 25 0 D=0.146 8 C—0.009 4, R=0.999 9
(n=3), ZERFW] CM 7E 0.5~8.0 pg/mL ¥ FEJE I, Ltk ¢
ENEY/SoN

1.5.3 AFEES R BCCM XS, 20 e d s fiG
M (1,48 we/mlL)3 Fhifk BE (VI , 7 426 nm 4072 I
JEEE B H I 5 W ESME 5 H 5 H PR H )R 2
B, AECAIE Y CMORE SV TR 43 I AR S % R
TR, OIS P 3 BRI B AV, 7E 426 nm ZbIAE
BETERAINFE ORI b v BE Y H RS 2 43
0.09% ,0.22% .,0.58%(n=5) , H APk % £ 53531k 0.39% ,0.22%
0.21% (n=5) , F-BIIFE R 99.96% , RSD i 0.29% , 45
SRULEAA T i RS 25 S8 LA, [BIIBCR & A7 5 ik iek
154 FEMRE B 1.5 mL CMET (1 mg/mL), 25 14
Krebs—Ringer B E 100 mL(15 pg/mL),7E 37 CIRKER
HBEEIE R, 20T 0.3.6.9 .12 h E AR CM B
B BRI 3 W, 4553 12 h N CM &R TCH WAs L, e
CMET 7£ B WS sz s 2644 F 12 h N Tt

155 B WA MoK &M T TSR 18 h /Y SD
TEERREMEE R R 9 H, I8 s 1 4K & B (10 mL/kg) , BREEIT
52, UPHEFPLRITIFREIG 2 3 cm, 45 B BOTTI I FIEAT 14540
A BB TR — /N DA A5 HL A pH 1.2 HCL PR
NG, HTEA 4 mL CM CMET #1 CMLP & ¥ 5 W (FH 24
T CM 60 pg/mL), 2851H0F, 2 h i BOH B e, o
pH 1.2 HCl MR E RO T 2 45 2 10 mL, B TATHAE
3 HRR.

1.5.6  WAWUREES SR FHAEVR ) AV Tk AR B i
SEYREES T I BRI 45 1 B oy B, AT AR AN W i S

100 ; pH 1.2 HCI
& CM * CMLP + CMET
80
S 60
=
.H_
30
=
B
20
0 : : . .
0 50 100 150 200
HFIE] Ch )

06 AR TERAE 3 HORHL, IZS R 05 N 4B, I 45
B (D) SR () o 15 B A B ITRRE LL 3 000 v/min
B0 10 min J5 , AN JEb B2 5 O 1 &
AT B A IS 29 0 8 1 AR AR T 18 B4 W B 1) 245 ) W Aok
FHE(K,) , AROBIER (Py) FIBICH 43 44(PA ) o

157 SEEECRACEE AR R FHGVEE Ak I MACEE 1 VAR A st
TR s IR . # LU AR K, M Py

K=(XX,)/Co ST

P=V x In(X/X,)/27rl

PA=(X=X,)/Xo % 100%

2 X, TR IRIER R X, R BE R P R 4 2
Wi, S FmEEZG YRR, T /R 0 E] (min) , X, FI X,
Oy MR TA R W 2548,V ARERRE S (mL/min) ,
Hlr S5 R I B K EE RN AR (em) o
1.6 %itF o

LI ZE G — IR + bRiEZE (x +5) R, R SPSS
22.0 BRI TS IR 22 8T, LRI LR LSD—
e KK T 0=0.05,

2 & R

2.1 HRIMEA &

L CMET CMLP Il CM B BURE s [i] o5 1 B3 T B R AR
B ARSI (B 1), B 1 W], i 24 h 2 CMET f
HUH B2 ], 76 pH 1.2 HCL #1 pH 6.8 PBS Y 2FUBCE AN
#1 50%, 24 h J5 ,CMET $F2:8618 5 2, & BRI
it 80%, %I CMET .CMLP fl CM 2 SRR R TEE
LT 220007 428 CM CMET 5 CMLP 48] 2% 5747 G112
H Y (F=16.954,P=0.03) , Geit 24 R LA 1, &) 528
HA G5 X (F=50.770,P=0.000) , St #45 Rk 2, 4
[i) 1R ) 5 9% 78 28 TAE ) (F=1.150,P=0.343) , 453
W] CMET n] $2& S RSN CR OB W RSN T

100  pH 6.8 PBS
+(CM *CMLP +CMET

BRI (%)

0 50 100 150 200
] Ch)

1 CMET.CMLP %1 CM ¥£ 2 Fh 4y R sp RO SN E R
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22 ARIMFEEA A

AR AL BRI ] ¢ 5 AA AR RBVBERTR Q HEATEAE R,

WIE Q 5 ¢ R AR R I E HL e,

3 H
BRI | — 2 B A 7R \Higuchi /) Hixcon—Crowel

A Ritger—peppas 575 Weibull 5 73EF 728k 0] 97531 45

B TR Btk 280 R2 R iofails T 1 3 i s
UEH I 3 % 4, 458428 CMET .CMLP 1 CM 7£ 2 Ff
B TP BT NI FF & Weibull B 310 Weibull

#1 CM.CMLP #1 CMET M ZRBHERSITESNER

pH1.2 HCI pH6.8PBS
g
95%CI P 95%CI P
CM vs. CMET ~60.868 ~ —32.872 0.000 -62.7963 ~ —23.8769 0.002
CM vs. CMLP -49.718 ~ -21.721 0.002 -55.2664 ~ —16.3469 0.004
CMET vs. CMLP ~2.848 ~ 25.148 0.099 ~11.9297 ~ 26.9897 0.380
%2 CM.CMLP #1 CMET &M B R ZEMBHEERFITESINER
) pH1.2 HCL pH6.8PBS
el
95%CI P 95%CI P1E
CM vs. CMET -25.455 ~ —24.277 0.000 -25.117 ~ =23.907 0.000
CM vs. CMLP -23.331 ~ -22.153 0.000 -22.641 ~ -21.431 0.000
CMET vs. CMLP 1.535~2.713 0.000 -3.081 ~ -1.871 0.000
% 3 CMET.CMLP #1 CM 7£ pH 1.2 HCI s {R SN AL A 7518
e AT
Fittingf CM CMLP CMET
Zero—level#iRl (0=0.195t+11.971, (0=0.445 61+19.913, 0=0.502 41+20.281,
R=0.832 1 R=0.8179 R=0.8477

Levelt& 51

Higuchit& %Y

Hixcon—Crowel 57

Ritger—peppasti 7l

In(1-Q )=-0.003 0:-0.1276,
R’=0.870 7

(0=2.889 2:"7+4.926 6,

R=0.949 1

(100-Q ) *=-0.003 61+4.448 3,
R’=0.858 2

InQ=0.447 8lnt+1.5409,
R*=0.950 6

In(1-Q )=-0.009 5:-0.215 1,
R=0.9120
0=6.645 91"*+3.581 0,

2=0.943 2
(100-Q ) "*=-0.011 2:+4.313 0,
R’=0.883 6
InQ=0.604 2Int+1.599 1,
R’=0.9279

In(1-Q )=-0.012 7t~0.191 7,
R*=0.959 4
(0=7.424 51"+2.268 4,

2=0.979 8
(100-Q ) ®=-0.014 1:+4.3247,
R?=0.960 0
In(=0.599 Olnt+1.689 0,
R’=0.949 5

Weibul #57 Inln[1/1-Q]=0.493 6Int-3.074 0, Inln[1/1-Q]=0.751 1In-3.125 0, Inln[1/1-Q]=0.780 9Inz-3.085 0,
=0.974 4 R?=0.969 0 R’=0.988 4
*& 4 CMET.CMLP #1 CM #£ pH 6.8 PBS S {4 MEEIIIA T2
HEEHY LG R
Fittingf$i 71 CM CMLP CMET
Zero—level {5 KU 0=0.188 71+11.025, 0=0.433 3:+17.083, 0=0.497 41+18.970,
R=0.844 6 R=0.842 4 R’=0.848 1

Levelf& 51

Higuchifsi 7y

Hixcon—Crowel 57

Ritger—peppasti il

Weibul I#575

In(1-0)=-0.002 5:-0.116 6,

R=0.878 5

(0=2.788 6/"2+4.259 4,

R?=0.956 7

(100-0)=-0.0351+4.464 4,

R>=0.867 8

InQ=0.447 Olnt+1.483 3,

R>=0.867 8

Inln[1/1-Q=0.490 3lni—3.132 7,
°20.997 4

In(1-0)=-0.008 5:-0.178 3,
R?=0.920 2

0=6.413 31"+1.490 7,
R?=0.956 9

(100-0)"=-0.010 4:+4.366 1,
R>=0.896 4

InQ=0.611 7Int+1.479 7,
R?=0.949 5

Inln[1/1-Q]=0.744 21ni-3.238 1,
R=0.979 1

In(1-Q)=-0.011 9-0.183 9,
R?=0.946 3

0=7.349 11+1.147 0,
R?=0.959 8

(100-0)"=-0.013 41+4.343 4,
R=0.917 8

In0=0.622 3Int+1.561 4,
R?=0.948 3

Inln[1/1-01=0.795 5lni—3.206 7,
R?=0.985 7
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FEARIPLA CMET 78 pH 1.2 HCL A1 pH 6.8 PBS 2 FUR[FIA 5
T REZ Ik (18] 2) , CMET 2645 i R 2515 L Weibull
RERIIRI o] WL AU S R LF

1.0 r
08 + 0
oz’ L)
?i 0.6 }
.H.
‘Dé[? 04 + /*
i
Bk 02 H
0.0 . 1 )
0 50 100 150 200
1A Ch)
1.0 - A.pH 1.2 HCI
% 0.8
;(% 0.6
EHZ 0.4
Bk 0.2
0.0 . : . .
0 50 100 150 200
AR (h)
B. pH 6.8 PBS

2 Weibull #2I4E3) CMET 7 2 # /v R AR AR SME AL

23 A0EAFIEIRE B W&
ZHRAF B AR T 0L 3% 5. 7€ pH 1.2 HCI Al pH
6.8 PBS ' \CMET 5 CM .CMLP 5 CM By AH ML 73 /8 T
50, HE/RTE 2 A B CMET 5 CM (25 MRl A 7 oA W
%5 78 pH 1.2 HCI 1 pH 6.8 PBS 11, CMET 5 CMLP (1A
PIAFHRT 50,371 CMET 5 CMLP 925 REAT AR,

%5 CMET.CMLP #1 CM ZEA B /i BT B SN i AR IR F

7 R I3 1 i R I 2 f1H

cM pH12HC  CMET  pH1.2HC 25.76
cM pHI12HCI  CMLP  pH12HCI 29.15
CMET pHI12HCI  CMLP  pH12HCI 66.11
cM pH68PBS  CMET  pHG68PBS  25.87
cM pH68PBS  CMLP  pHG68PBS  31.03
CMET pH68PBS  CMLP  pHGS8PBS 5921
cM pH 1.2 HCI cM pH68PBS  88.29
CMET pH12HCI  CMET  pH68PBS  85.02
CMLP pHI12HCI  CMLP  pHG8PBS  69.87

24 JEREMBOK EI R

P 5 25 SR T AR S B K, Py R PA (] 3,
#6),CMET ,CMLP F1 CM 7£ 5 rh W ied4dse /)y | 2SR
BifE/ Mz, CMET 7E-+ 4615 %5 W Wiz S5 i B K,
5232 CM a4 A BLY 1.9..1.1,1.6.2.6 1% ; CMET 1 U7
B Py (eSS CM A5 A BL i 2.4 1.3 1.8 3.2 ff ; CMET

HE AR A s S5 PA (E50) 2 CM S
By 6.4.5.7.5.3.6.0 8.7 i, GETE R0 i 7s , CMET 76+
Zi8M g AR Ka Hl Peflf 5 CM 254 51175 X,
CMET 78 8 MU B AY PA 5 CM ¥ FA 828 L, W
7, CMET 725300 A 4338 T 48 > 25>l >
2> UL CMET =277 BER, Foh e+ 38 I i ik
Woits-, 5 CMLP AL, CMET B W licts o, 1 A2
T CM Aym

15
BCcM B CMLPE CMET

ab

10

WA 8 3 8 (10 L/min™)

15
HcM B cvmLp B cMET
E
[
E
Re
¥
i)
&
T
+ 45 =W @] e
B. AR iES
= ECM ECMLP B CMET
ab
&Q 10 L & ah
H a e a
/\h a
fant
=
X 5 a
a

(R gER e o

a: 5 CM M, P<0.05;b: 55 CMLP #11, P<0.05

3 CMET.CMLP #1 CM 75 B B RS %1
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%6 CM.CMLP #1 CMET #J K,.P.;#1 PA(n=3)
. CM CMLP CMET
s K, (10°1/s) Py(10%em/s)  PA(%) K, (10°Ls) Py(10%em/s) PA(%) K, (10°Lis) Py (10%cm/s)  PA(%)
H 0.20 £0.12 - 0.60+0.13 0.27+0.14 - 2.79+038 0.36+0.17 - 3.83£0.36
91771 6.05 +0.86 3.86 +0.43 1.90+0.21 8.13+0.49 5.06+052 735+0.72 11.28+0.93 9.15+£0.57 10.84 + 0.66
2= 1 5.12+0.74 3.18+0.52 1.52+0.28 5.17+1.73 3.89+036 6.81+0.64 524+0.74 4.21+£0.48 8.11 +£0.57
E)7] 3.79 +0.40 2.84 +0.32 1.52+034 5.81+0.36 413+0.05 720+0.85 6.12+0.53 5.11+£0.54 9.11+£0.72
] 2.33£0.30 198+026 1.06+0.70 4.32+0.86 431+043 654+056 593055 641+0.84 9.25 +0.36
%* 7 CM.CMLP #1 CMET W K,.P.;#1 PA it 55 R (n=3 )
P - =) Q17 =W
95%CI P{E 95%CI P{E 95%CI P1E
K, CM vs. CMET -0.2121~0.0545 0.006 -7.9201~-1.9265 0.007 -18.201 4 ~51.588 0 0.286
CM vs. CMLP -0.128 9 ~ 0.028 8 0.171 -4.9235~1.070 1 0.166 —18.1314 ~51.658 0 0.284
CMET vs. CMLP 0.0045~0.162 1 0.041 -0.000 1 ~5.993 5 0.049 —34.824 7~ 34.964 7 0.996
Py CM vs. CMET — - -7.5329~-4.6538 0.000 0.208 0 ~ 2.498 6 0.028
CM vs. CMLP - - -5.1401~-3.3599 0.000 -2.2338 ~0.633 8 0.221
CMET vs. CMLP - - -2.090 1 ~-0.309 9 0.016 -1.0538 ~1.823 8 0.530
PA CM vs. CMET -3.3629 ~ -3.170 4 0.000 -10.0829 ~ -7.203 8 0.000 -7.7320~-5.4414 0.000
CM vs. CMLP -2.2563 ~ -2.063 7 0.000 -7.5329 ~-4.6537 0.000 -6.378 6 ~ -4.088 0 0.000
CMET vs. CMLP -0.001 5 ~0.161 6 0.053 1.1105~3.9895 0.005 -2.6238~0.243 8 0.089
2R HAH it a
95%CI P1E 95%CI P1E
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CM vs. CMLP -2.8852~-1.1482 0.001 -3.974 4 ~ -0.005 6 0.049
CMET vs. CMLP -0.5552~1.1818 0411 -0.3877~3.5810 0.097
Py CM vs. CMET -3.0673 ~-1.7727 0.000 -7.1178 ~-2.0356 0.005
CM vs. CMLP -0.2839 ~ -0.789 4 0.003 -48711~02111 0.047
CMET vs. CMLP 0.886 1 ~1.6306 0.099 -0.294 4 ~4.787 8 0.044
PA CM vs. CMET -8.9337 ~-6.2396 0.000 -10.6572 ~-5.722 8 0.000
CM vs. CMLP -7.027 0 ~-0.433 0 0.000 -7.9305~2.996 2 0.002
CMET vs. CMLP -0.5596 ~3.2537 0.054 0.2595~5.193 8 0.035
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