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Abstract: Objective To study echinacoside self-microemulsion drug delivery system (Ech-SMEDDS) for prescription optimisation,

quality characterisations and in vivo intestinal absorption in rats. Methods The different excipients (oil phase, emulsifier and co-
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emulsifier) were screened by equilibrium solubility, compatibility and pseudo-ternary phase diagram; the dosage ratio of excipients
was optimised by central composite design-response surface methodology (CCD-RSM) using emulsification time and average particle
size as the evaluating indexes; particle size, polydispersity index (PDI) and { potential were examined; The ultrastructure, drug loading
and encapsulation rate were observed and analysed by transmission electron microscopy and HPLC, respectively; the stability of Ech-
SMEDDS was evaluated by particle size and PDI; and the absorption level of echinacoside in Ech-SMEDDS at different intestinal
segments was investigated by in vivo unidirectional intestinal perfusion in rats, and the intestinal absorption properties were evaluated
by calculating the rate constants (Ka) and apparent absorption coefficients (Papp). Results The optimal formulation of Ech-SMEDDS
and its mass ratio were determined to be glycerol trilaurate (GTL, 15.47%), Tween 80 (35.35%), polyoxyethylene hydrogenated castor
0il 40 (23.57%) and polyethylene glycol 200 (25.61%). Based on the investigation of the compatibility of oil phase and emulsifier, the
microemulsion grade and particle size were used as the judging indexes, and Tween 80 and polyoxyethylene hydrogenated castor oil
40 with the mass ratio of 2:3 were determined as the composite emulsifier for the preparation of Ech-SMEDDS. The appearance of the
Ech-SMEDDS was light yellow, clarified and transparent, and its dispersion was in the form of clarified and transparent solution, which
was identified by the Sudan red-methylene blue dye as the O/W. The average particle size was (24.99 + 0.49) nm, the PDI was 0.19 +
0.01; the £ potential was (—5.36 £ 0.08) mV; the ultrastructure of Ech-SMEDDS showed a spherical structure with a homogeneous
morphology; the loading capacity was (26.28 + 0.49) mg/g, and the encapsulation rate was (97.63 = 0.17)%. The results of stability
test were good; Ka and Papp calculated from the results of in vivo unidirectional intestinal perfusion test were greater than echinacoside
aqueous solution in all intestinal segments, i.e., the intestinal absorption of echinacoside was improved, among which the best
absorption was found in the ileum, and the K, in the duodenum, jejunum, ileum, and colon were 1.48,2.24,2.16, and 1.86 times of that
in echinacoside, and Papp was 5.05, 3.11, 3.11, 3.11, and 1.86 times of that in echinacoside, respectively. Conclusion The Ech-
SMEDDS produced in this study has the characteristics of high drug loading, high stability and good intestinal absorption, which lays
a theoretical foundation for the drug development and clinical application of echinacoside, and provides an innovative idea for the
industrial upgrading of Xinjiang’s characteristic medicinal resources.

Key words: echinacoside; self-microemulsion drug delivery system; compound emulsifier; central composite design-response surface

methodology; unidirectional intestinal perfusion; HPLC; apparent absorption coefficient
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Ech-SMEDDS 4 H 44 (1) &l e T4, %77
LR R
225 RMERRFEE  FEEIREUN F2 1% I &
&, BT 5mL &fiF, TR, 2iE3
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Fig.1 HPLC of blank solvent (A), blank self-
microemulsion (B), echinacoside control (C) and Ech-
SMEDDS (D)
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Table 1 Solubility of echinacoside in different excipients

(Xts,n=3)
5 4 PR (ugrg ™)
A R 6.84+0.8
GTL 97.1+43
RAMR-FE CRILEY 44404
A T 5E R T I 5.1+0.2
FALF T80 470.4+55.8
RH40 642.2+61.5
P188 211.1+11.3
H4% 80 29402
B4R PEG200 106 200.0+832.7
PEG400 61 130.0+1 094.0
DGME 83 710.0+1 381.0

232 FUAGIEE Dyt DA LA S A
BHEOAH A, # GTL 5 bk 3 T F LA 53 7l 4%
BE1:9.2:8.3:7.4:6.5:5MBIESE, ¥
TRIREISI G, WL 50 pL RS T-HE i +E4%
BN 37 CHJ SOmL FEEAK, 3 A A,
3% 2 WUE I B LIRS P R AT 0 ), 45
RN 3. WAHSFAHILLE A28, 317, 416
A5 25, T80 LA TE B E AL S5 5/
T I, W] T8O Xl AHA FLAL R R ELLF ;. RH40
FALRE IR T P188. SAIfT, T80 EAb Ty 43 HUfd F
HABRNIER, SRR, S B0HRE 5
Atasg, HAPAE IR AR GTL FEE 100 nm
PAR. Rk, 38 T80 Ml RH40 1 A & FALFA,
W —F HEAT R ASRAS A £ L )77
*2 BREHTNFRITFE

Table 2 Rating scale for self-microemulsion formulations
PR I3 BCIR S KA H AL I 5] /min

I BRIEE RS 5 ] sl i 7Ot <1

I ARPRIE WA B B I s Y b R VA R <2

I ARSI LRI A <3
IV RN K A, WA IHCR IR >3
V RARR A K >3
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*3 GTL5FREAUFEMR (X+s,n=3)
Table 3 Compatibility of GTL with different emulsifiers

233 EHAMFIEAL 250K T80 5 RH40 #43%
4 FR LI TR ST RE & AT, K GTL 5

(x£s,n=3) FULFRST, 8 1 BLAR RIS G TP B0t % 1174
- ) Hift/nm FUREAT M EERIE SR, FFRE HokiA2 A PDI, 45
AfLr] T80 RH40 PISS T80 RH4O PSSy 4. 55ap—JLAHIAIEL, T8O A1 RHAO BT
L BRI S 5 10%0, T
i oom o om v 17 oo 1ms  FAHRBIRATMLFIZSRGE AL 1%, A
4:6 M IV V1729 1733 1760 JT 45393 BORRLAZ /N T 100 nme. BEZE A LU T
5:5 W \4 v 189.3 190.7 192.0 I HORRLARRE R JHAH LA [ e AN AR, BE#E T8O
#*4 GTL 5FELHIEEALTIEME (X£s,n=3)
Table 4 Compatibility of GTL with different ratios of complex emulsifiers (X + s, n=3)
wA-ZE T80- . KiAR/ JAH-E & T80- btz WA-EE& T80- Kitz/
~ SR PDI | =Y PDI | 374 PDI
FL4LF RH40 nm FAF  RH40 nm FA4F RH40 nm
1:9 1:4 1 7523 0370] 3:7 1:4 I 15067 0410 5:5 1:4 IV 23893 0422
1:2 1 6120 0370 1:2 I 12683 0.201 1:2 IV 22303 0392
2:3 1 2564 0240 2:3 1 9273 0.171 2:3 I 21530 0.406
1:1 1 2987 0410 1:1 1 13430 0219 1:1 I 27870 0.476
3:2 1 3367 0330 3:2 I 11247 0.178 3:2 I 263.30 0.409
2:1 1 3534 0390 2:1 1 7611 0.209 201 II  237.53 0.529
4:1 1 4654 0260 4:1 1 11270 0.174 4:1 I 20940 0.396
2:8 1:4 1 8061 039] 4:6 1:4 IV 19330 0.445
1:2 1 6660 0.340 1:2 1O  174.10 0.403
2:3 1 4973 0230 2:3 1 15673 0.400
1:1 1 4634 0.190 1:1 I 22850 0.449
3:2 1 4177 0200 3:2 I 21147 0447
2:1 1 53.03 0.190 2:1 IV 22920 0.405
4:1 1 4223 0.130 4:1 I 21627 0410

5 RH40 LUfEE 104 B5R%E 2 13, FHfS 5 BORkL
REAK, FE A 25.64 nm; Z JE R K2 46.54 nm,
FUAC R o MU SEIR IR B & A 2 ¢ 3 |1 T8O
5 RH40 NE A AN, H T 5 8B 2L 7 12 o
234 BhALfLAIRE RS A AT S B AL
ZRILL 91, 812, 73, 614, 515 RS
Ji, F¥ GTL 5 @RS 2HILL 91 1. 812,
703464, 505 HENRA, BEwRI S E W EGE
TR T RINE 50 mL 4K, dsmEs
M, R Origin 8.5 AL = oMK, 455 I
2. /35l LL PEG200. PEG400 1 DGME JNEhFL AL,
RS, T s R 7L DX ST AR 23771 9 (22.74 £0.53) %
(18.50+0.19) %. (14.82+0.20) %, A] I, PEG200
HHAARHEA S, TRl XS AR oK,
IR % F PEG200 1E A BhFL L7 .

24 ReFHK

2.4.1 AW AL GTL S (). T80 5

RH40 I (X)) Knfl (X3) NEWEZE, kifE
(YD) AR (V) IEN$E4R, #4T CCD-RSM
A Ts, BIZIKT SRR s SRR 5, Tr 200 M
2 6. 1§ ] Design Expert V12.0.3.0 #4412 5 %
AT — k2 A, FEETE: Y1=7592+
86.79 X1+ 1.44 X, — 1829 X3+ 1491 XX, +6.14
XiX3+4.56 XoX3+24.76 X2+47.72 X2*—3.10 X32,
R2=0.9779; Y,=45.86+9.02 X;+2.70 X,—3.58 X+
0.244 6 X\ X2+3.50 XiX3—5.72 XoXz+32.41 X2 —
5.61 X22—3.59 X352, R*=0.980 1, #HxR¥IHKT
0.9, KT N P>0.05, B FT S AR
ATAHFT X Xoy X3 3 FHIRIR IR YA Yo
HIF SR

K 6 SRR, ST AR FL AL A 3 [F 5
R ERA X X2 fl X2, B8 P<0.05, 17~ Knld
SR R FLAL I (A1 35) A 5mR, HARTEIRZR IR
PARIAR B S hn i, HARFA 2R 3208 XiXxs (P<
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PEG200/g Ll PEG400/g “i aHL
WH/g 15l/g thl/g

0.25

0.25

0.25 0.75
GTL/g

Table 5 Factor levels, design and results of CCD-RSM

0.25

0.75

GTL/g
2 PEG200. PEG400. DGME {E/3BhZ (55 & r) B 7L = T iaE
Fig.2 Pseudo-ternary phase diagram of self-microemulsion prepared with PEG200, PEG400, DGME as co-emulsifier

%5 CCD-RSM AFATE. RBRITE5ER

025 0.75
GTL/g

RIS X% X X5 Yinm Ys|idBS X% X X5 Yi/nm Yois|l% T Xi/% X X5 Yi/nm Yos
1 10(-1)1:2(-1) 1.00 (-1) 105.80 61 8 30 21 230  231.00 73| 15 20 1:11.65 83.62 42
2 30(+1)1:2 1.00 226.38 69 9 10 1:1(0) 1.65(0) 38.70 71 16 20 1:11.65 89.14 44
3 10 2 1(+1) 1.00 53.59 73| 10 30 1:1 1.65 189.31 83| 17 20 1:11.65 7515 46
4 30 201 1.00 262.13 90| 11 20(0)1:2 1.65 127.40 38| 18 20 1:11.6570.15 45
5 10 1:2 230 (+1) 3120 52 12 20 2:1 1.65 136.90 43| 19 20 1:11.65 83.67 41
6 30 1:2 2.30 206.83 83| 13 20 1:1 1.00 103.90 40| 20 20 1:11.65 65.67 47
7 10 201 2.30 28.40 51 14 20 1:1 2.30 68.39 42
*6 MNERMIKREGESR
Table 6 ANOVA for particle size and emulsification time
SE A — ‘ ‘*ﬁﬁé _ ‘ ?"L\HCHHLI‘E?
BT U7 F1H PH RS Sy (LN i FAa P1H
it 9 96 806.02 10756.22  49.1300 <<0.0001 5345.890 593.990 54.8400 <<0.000 1
X 1 74 917.78 74917.78 3422100 <<0.000 1 808.540 808.540  74.6500 <<0.000 1
Xz 1 20.76 20.76 0.764 4 0.764 4 72.900 72.900 6.730 0 0.026 7
X3 1 3 328.68 3328.68 0.003 0 0.003 0 127.580 127.580  11.780 0 0.006 4
XXz 1 1817.79 1817.79 0.016 3 0.016 3 0.489 0.489 0.045 2 0.836 0
XX 1 301.47 301.47 0.267 8 0.267 8 98.000 98.000 9.0500 0.0132
XoX3 1 169.84 169.84 0.399 1 0.399 1 267.830 267.830  24.7300 0.000 6
Xi? 1 1 685.41 168541 0.0196 0.019 6 2 888.460 2 888.460 266.6800 <<0.000 1
X? 1 4 802.02 4 802.02 0.000 9 0.000 9 66.470 66.470 6.1400 0.032 7
X32 1 26.49 26.49 0.7352 0.7352 35.460 35.460 32700 0.100 5
Bk 7= 10 2 189.25 218.93 108.310 10.830
S IR 1275.37 255.07 1.400 0 0.3617 81.480 16.300 3.0400 0.124 1
aliiR %= 913.88 182.78 26.830 5.370
NB%E 19 98 995.28 5454.200
0.05), &5&3R 5 KRAERAEG, R 5 XNAE 0, BRFAAMNEER, EE K B8N, B

FEIEPUER , BUEEE AR EL g, Rz ks
BE% T80 5 RH40 HILLAAIE N, Fissik/Ns PAALL
B (AN SR AR, 3R Xon XX F XoXs X LS
WA B ENEER (P<0.05), [FPFAAE, HEX
5 X3 IMEEAHEAEGUER, BIEEE T A 1 b il 3

FULRRI4ERT; B3R Xo 5 X XS FLAGES [A) (1 52 ma £7:
TEABE O FIFEAT, T80 5 RH40 LA Kn (I
I e B AL PR AL .

T I ) = AN ], R DU B R ER T
W N AE ) e 2 A28 HAE g2, 2558 WL 3. 4.
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300.00

166.67

i4E/nm

33.33

X 067
3 XiXe XE(ERAXRERS

Fig. 3 Effect of X1.X: interaction on particle size

FUALI )/

B4 XiXs XoXs X EAERELALETEI S0
Fig. 4 Effects of X1.X3, X2X3 interaction on emulsification
time

UbAh, A SRR TR R LA TR e, n] 15
BAARALTT A EE . T8O 5 RHA0 [FHUAE . K fE
Iy RIN 15.47%. 35.35%. 23.57%H1 25.61%, Tl
RiAEN 22.56 nm, FLALES[EA 38 s.

242 FEAMETFTHEAE ZHE “2.4.17 WU
477, GTL. T80. RH40 ll PEG200 Jii & 5ty
15.47%- 35.35%- 23.57%#1 25.61%FREL, & T et
o, FHBRERRRE S, W4 3 B THEAE S, T
B FHRiAE N (21.5740.11) nm, “FFALEEA
(35.334+0.25) s, ¥JS5HNERE, X RZE 7
N 0.56%F1 1.40%, FIIZHRIFEE v 5.

25 REIFMN

251 HEMASME &AL R R %R “2.4.17
TN BT fS-5e i b 7 1 % Ech-SMEDDS, Bt 50 L,
FHEIPEFE S LR N 37 CHsgikd, (FH
52434k, #1743 Ech-SMEDDS 780, 5/ . 7
Ech-SMEDDS 2% ¥ th, HIEEH, HoioiEE
FEW, N STZMEARR TS e, ¥
MY RRL PO A, R ILIE R, BURRR
BIF A, KR YR B PR S B VT
W, LT RS — I A, RIZILICN O/W
B, ZERILA S,

/ S pe——— £ \ —
i}

- VSR

A B C D
5 Ech-SMEDDS &z (A) MO 8% (B) SMRDEL
BHFHFFL (C) EFREE (D) AEMBIER
Fig.5 Appearance of Ech-SMEDDS solution (A) and
dispersion (B) and dissolution of Sudan red (C) and

methylene blue (D) in dispersion

252 KA. ¢ AR BUEESEUR, A
BOCRLE LGN 2 H P RifR . R8N, Fihiz
N (24.99+0.49) nm, PDI A 0.194+0.01; { HA AN
(-5.361+0.08) mV, £ WK 6.

a b I

|
R P S
¢ HLA/mV
B 6 Ech-SMEDDS H%i{2537 (a) F1{BALST (b)
Fig. 6 Particle size distribution (a) and { potential
distribution (b) of Ech-SMEDDS

253 BRGS0 I 4
L RIS G R0 2.0% B BRVA W, F14% 10 min,
MIBGW 2% KA, iR FaRmT, T
TEM FMEMILES, SREW, AmMAA G

1 10 100
B2 /mm
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FERRIFL N D B 51, TERE, KN — [ ERIE
FLig, ZORIE 7.

[E7 Ech-SMEDDS HJBHRHZ5HIE (TEM; X20 000, a;
X 60 000, b)
Fig. 7 Ultrastructure of Ech-SMEDDS (TEM; x 20 000, a;
x 60 000, b)

254 WHEMOUEFNE I Ech-SMEDDS 50 mg
(W), FEERRE, BT SmL O EMT, nPEE
&, BRI, M EMEEZE, JRfL
BEMRJE, AR €2.2.17 THUT (AR PRI R R A
EE (WD K% HREL Ech-SMEDDS 50 mg, fifi fit8
ali K FRRE 100 56 ERFLIR, B S mL B T & .08
t, 10000 r/min, Si#E0 20 min, FEE EI EE
W 1mL, BT SmL RS, MAEEE, I
A B 20 min, INHEEMEE R ZIEE, $55), ol
FLUEIE S, MEM R EEGE (). B FHE
WAEMAE R, 455K, Ech-SMEDDS [1)#2}
B 4(26.2840.49 )mg/g, B R 4(97.63+0.17)%,
VLI 1% B FLAL 7 B il & T2 a K.
RGE=/W
BB R =W/ W

255 FUEtEES HUITH &K B L EUR 3
£, 35T 04 24 41 64 8. 10d WIll5E Ech-SMEDDS
Kife. PDI J¢ C Hifi, 258k 7 s, BAS
)AL 5 7R 2 I 18] Y RiA% PDL S € AT LEAR
th, RHMILFRE M RIT.

® 7 TEMEFEBEMIARE. PDIR B (Xts,
n=3)
Table 7 Self-microemulsion particle size, PDI and {

potential for different storage time (X £ s, n=23)

#d  CFERIAZ/mm ¢ HLAL/mV PDI
0 20.23+0.45 -523+0.09  0.112+0.311
2 22.2540.31 —6.78+£0.24  0.093+0.642
4 23.5740.13 —-726+049  0.130%0.293
6 21.7040.34 -5.93+0.33  0.103+0.577
8 22.2340.56 —-6.37+0.16  0.133%0.174
10 19.2340.67 -5.69+0.11  0.171+0.281

2.6 AKREMEEPFERSTR

2.6.1 K-RZZMEMHRMECH] PRI NaCl7.80 g, KCl
0.35g, NaHCO31.37 g, NaH,P040.32 g, CaCl,0.37
g, MgCL0.02g, H%& M 1.40g, BIM/KEHFZE 1L,
P51, B K-R AW

2,62 AR FIHERBAOES] R ERNER
FASAGE 2 43, 4y e e TR Ak A “2.5.17 BUR
Ech-SMEDDS H, [t seba 545 1 259 i mk R
40 pg/mL [FA R4 F G, ~7H .

2,63 JHEEIIIEE  RRE ip 3% EL 24
(0.2 mL/100 g) #EATHREE, WIEHE&BIFERE, &
i =310 7= s | R g 7 = L Do AN R =
FElE e, d3F OSSR, O mIERE O A E
MBSO, RV EB KRB A E S IRIE. %
FAT# A 37 CA B R /K ph Uk W 18 22 0k v T
JG, B 37 CH) K-R LA 1 mL/min 7%
BOPAT 15min, SR “2.6.27 TN RAGEH R
TRAK S 17 30 min f5, T AR 2N 0.2 mL/min
HHATEITERER, 22 HILE 0. 15, 30, 45, 60. 75.
90 105, 120 min B #EL0E, WEERHE, Hid
SO TR

2.6.4 WEMEAR &I “2.637 TN ERSES AW
VEW, “FATECH] 3 4 Ech-SMEDDS %5 A i
W, T 37 CKERTIEE, 25T 04 15, 120 min
HBUBE, 78 “2.2.17 TUREGBRE e, 030 H5
HEREIEETA, 27ILL 157 120 min $8ARES 1
WETHIAA S 0 min (/UG T AR 1) EUABLAE 902 232
MR RS, SRR 8. KERIGERHE
FAX P S TR B AN T 2%, 3R BB SRR
FHOOT A SR 46 E B 5 5 R DA 2B AN T

2.6.5 WM CRAEEAZEIK 120 () SD K ERURR
WG IR LR BT, WEUNBE, kTR E T
Ech-SMEDDS i, 37 C#E 2h, 4 AlfE
0. 15, 120min I HUFE, 7£ “2.2.17 BiEESFAH
ENFE R SR EmAR, DU JE e L
5% 5 ATV AR B EUAEAE R R o B, S ER A
Mg, SRR 8. HARARAL R E L
BI/INT 2%, 3 B B T ot 26 RO PR F mT 226
At

2.6.6 Ech-SMEDDS fEA [A] i B (Wl H g e
SD K 24 KR, SUHIZE R ASEK 12h, BN R 2
H., 7354 Ech-SMEDDS 2H #5445 /K IS 4.
FEABET A 4 N (F 48, S, B
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*8 EGMEMEAYIEN X Ech-SMEDDS FHARFHE 2
BN (X+s,n=3)
Table 8 Effect of enzymatic degradation and physical
adsorption on echinacoside content in Ech-SMEDDS

(Xxs,n=3)
55 & B [8]/min Bty A %o BRI Bt/ %
0 100.0010.00 100.0040.00
15 99.0240.37 100.891+0.46
120 99.9340.08 99.12%0.11

M. gilpd), F/H 3 KR &I “2.63” TR
Bk B AT WA HE MU ER . TREL 0.5 mL AR HIE AR
W, NHEE 0.5 mL, JRHEWS)JET 5000 r/min 250
10 min, "EL EiEWGE 0.22 um FFLIEN S, %18
“2.2.17 TR G2 A 4 50l D E R PR SR A
T,

WL NG, B NERBIF AR K
o AT ERWCER TR (Ko) RFEMRILR
0 (Papp)o BRI X £s £7~, KA Graphpad 9.5 #
AT b, WEEREAT RS A0 T 255
F 56 5 K H LR R 7 2 081 (One-way ANOVAD,
A LR Tukey #6056, P<<0.05 H%E N2 5H A
EEVES-9'®

Ka=(1—CoutVou/CinVin) O/27rl

Papp=0In(CinVin/ Cout Vour)/2mtrl
Cinv Cou 5> MIAIAEHE B CHER D 2B, Vins Vou
3 599 T R A R ORIV R, SRR B B AR T
1%, DRERMEBIKEE, O NEREBFIE (0.2mL/min)

Ty S5 S e 8 R FRUAE K BR & i B A
ZHNR 9, SRER, MR EHERXR S MBI
A2 IR, 75+ AR RIS 22, Z IR .
il i Ech-SMEDDS J , #5675 % i B Hh (1 U

*9 BMIPRRFEETRBEHRKSH (X+£s,
n=3)
Table 9 Absorption parameters of echinacoside from self-

microemulsions in different intestinal segments (X + s, n =3)

AR Ech-SMEDDS
JABE K/ (X103 Papp/(X 1073 Ko/(X 1073 Papp/(X 1073
min')  cm'min!) min!) cm'min')

+ 48 22,9483 4224134 33.8+1.8° 21.33+0.57"

=W 51.4410.7 8.02+1.26 115.1+9.1" 24.95+1.40™

7] 72.34+17.3 13.85+1.90 156.2+8.1"" 25.62+1.04™

e 477499 63240.61 88.8+9.9" 21.97+1.44"
S RAEERBALLE: "P<0.05 “P<0.01.

"P<0.05 P <0.01 vs echinacoside perfusion solution group.

WE T, £+ . =k, Fg. S0 K
SRR AL 1.48, 2.24, 2,16+ 1.86 5, Papp
I3 BINRA BAGE ) 5.05, 3.11. 1.85. 3.48 {5, Hr
FEZ A el i B RS S sy 2 (P<<0.05), 1E
T RIS =R, T AR S A B AL
PRI B G A B B 0 =F & L A k.
3 e

SMEDDS 2 H yHAH « LA AR B LA 2H A 11
BISNRGAEZR, BT HMSE AR, BRALmT
HIET: 1D AMARSE, shfidfase, Rtk
T 2) BIELH TR DN, 12455 B W
BT Ab AR TR, 3 T i A A3 1 42 Do ) B RO
200 3) ATMFLT TR G R R, TZAE, Bl
A%, 5T KB, SMEDDS )R F T /K i
PEZE . B RO R M AR R 25 B B A
G RME IR, W RIR =B AR R T 7R
Jai AR/ B e A B e A IR I — . 24,
CAEE 1 AR SRR B AR 2 2 48 DHP107 H
A (Liporaxel®) b7, HAAHPEE T EZBEM
AR B SRR T R B R A R R I B A
RBCY, AT W, BIMFLLS 25 RS R ARG
PEVIRAIA, £ = 2477 1 (%) S R ELF R 77

SMEDDS 1) FH JHAH R 470 e A0 T FD PR 2K
JEE A WATE TEARIE & A AR T
T, — R B B T R R 2R A AR 22 5L
A7) = E LU TE B ) 5 55 K SE T Chydrophile-
lipophile balance, HLB) {f (11~15) JEEFH%K
SRy, HREM AN E B Rk, B/
W b B A s, (k25 iBaE AR 23 B
FUALF AT AR B AR 25, TERRE SR, (R
FUE SRR e, W, Wi Bo=
MEss. HET UL, SERSCERATELES, Hk, AP
AR RVEN AR XS 4 FhamAH CEERRIM. GTL.
PLGA. W E R F AR 4 3L 7] (T80 RH40.
P188. m] 4 80) Al 3 MhFLAL T (PEG200. PEG400.
DGME) #HT A& KRG ML, #E My GTL,
it 3 BRI Bh AL AGFIME ik s Hok, [
5E GLT NiliAH, S5IAFEAT R RS SR, K
DA RIEABAE, 2 )5, DSR2 PDI A
Mriatext & ARG TS5, feRE
FLAH) T8O 5 RH40 FRILL A 2 3 1, FLALRIR
RifF, kif2/NT 100nm, PDI<0.5, FrfsH M
EPERAR R PR, AR E SRR, RH
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P = ToAH B Bl LA AT e, 38 I AL AR A
5E PEG200 JEEFMF: &5, #id CCD-RSM
T ARk R PR, HEAT BT SR AE, e i
HETZ.

4t SMEDDS AL J9iifk, &7k
fii gy GyrliA, 8RR G 3 254
F s PEA S BhAR S R A B3 — W, (HH
TR AE R e M 22, B ARSI, Bl AR
SR Ik, FETHIFIEAREH 52T K
TR IS, ARYE LSRR e . BRI S 1
S E AL T2 AR 247 R, W]
femtl i E i BRI E . AR RIS R,
RIFAR S LE KA PEG200 H G 36 A K IR 7 P
(106.2 mg/g), KItL, R ta R4 H i T PEG200 H1,
oK KAH A (GTL. RH40. T80) JR%, HIfS
VEIE A RIR B A B AL, ORI T Ech-
SMEDDS ) e ¥ 22 F# 25 B AR Shie, 1X t 2 A
AR S RIH bz —. HeAh, B EAAR AR
Bz RO T B AL AR, SRS TR
iR 2503 HORD B s AR R R R RO B4 . B T
I E A 77 A W% 8k BRI Pk
B IR IENE M ER i GRS, Al AA B AL
FAREE. WO s BOREEERIR), AT SEEE L
R 2 oeie2o200, JeF bk, AHIF TR 4R SRR
NFZHRRA RAGH B E AR, DAt HAF
TEME 2 M, QAR E AR E 5T AN S5
R RS B ELET A RIS

HHT,  HARZ5 Y TE RS ) BIE 5207 7 32 A b
MinsE. NEGHEWREME (human colorectal
adenocarcinoma cells, Caco-2) 4 i 7215 AL AR .
) i #EIR L (single-pass intestinal perfusion, SPIP).
oy, SN FEEBRAERE . EIEL, (HAERRAE
I G it B H GRS, BAE LA TS
W i S IR B)) 77 2 R B 5 Rk 2 N W TR LA
Caco-2 4Hfi0 5y 577, REME I 7 2454 1) 4 it 156 AN %5
iz, EEDIZEERRRE, FIENIN T2
W 1 R MAT FR AR A1 i e AR

1M SPIP RIS BN Z, BA R iE
2. MEMN RGN TE BRI R, AT
PR s S A FRAS R, (R, AR SEEG 3% AR
R 3E4T Ech-SMEDDS )iz SR PERIE 5T, AH 2 T
AW FEFEHIAT TN R & SD HEVE K, ARAED
WM 0 22 e i 2500 se e, BRI, B FRARAE — 8

(1SR PR, b FFZEE— B IR NIGAIE . SPIP SiG 45 R
FWT, i PR AN TR IR I Xt SI2 08 435 TR P i) ] 2
ANt ¥ B3G5 FE AT Ech-SMEDDS 7E [ iz i W g 1y
ek, HIREZEM. BWREE, FighafigsE
& M7 IE A DGR R /R &G, HAR T 7 o5 18
VAR b A8 KRR M 4008, K ohedt
SRR BN, ELA R R 1 20 i 5 74 F0 3R T 4RF
SRR, AT UOE . mROhEOR R N, ik
T2 i S 2 TE TRV T ) S e TRk BRIk, M 4l n]

W2 AT FHE RGN A TR M4
fit, 40 Yoo ZEBONEIA ERHEASEE—F M 4l
FAK (CKS9), F HE & 270 SEPEG K BRI K 11,
TR T A KRORL M ZH BEE 7] Dy e, Sh i 4h
7N, CKS9 i 35 150 JEME AN K ks S 1] YR F7 /R 45 vk
AL LM AIER . BRIl Ech-SMEDDS #E
i G SIS S5 R [ i B W WL, IX T RES M 4H
SR FLT I RICE 6. BeA, T2l S
Hett, 77 EARPN 2 MR ZR G o A A A AE X5
iE, 542K @ Ech-SMEDDS 7£ Caco-2 4 il Al [
MR 2543 77 2 5 A 8 MRS I IROBCRR 1, DA XS
Ech-SMEDDS {144 P W Wi P 2 AR AT SR N
MRS

AW FHE T 2 A A A BT BF Y Ech-
SMEDDS HEAKiff/ . # g foR . fee e ik 3,
T I TE P B s, HL S T 2EAE, 5
Tt . ApEE R B AL 2 ZRENAR
SR O R SR, A BT HESh AHT 24
BB IR A, AT i T Bk B R 2
IACAH FedR it 7 B SR .
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