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Abstract: Objective To prepare astragaloside IV self-emulsifying drug release system (astragaloside IV SMEDDS), and investigate
its intestinal absorption characteristics in rats. Methods According to the solubility and compatibility of astragaloside IV in different
oil phases, surfactants and cosurfactants, the prescription composition of astragaloside IV SMEDDS was determined. The dosage range
of each component in the ideal microemulsion region was drawn by pseudo-ternary phase diagram, and the microstructure, particle size
distribution and in vitro drug release of astragaloside IV SMEDDS after water dispersion were evaluated. The stability of astragaloside
IV SMEDDS diluted with simulated human physiological body fluid was investigated, and the intestinal absorption kinetics of
astragaloside IV self-microemulsion in rats was investigated by intestinal reflux test in rats. Results The prescription of astragaloside
IV SMEDDS was composed of Capmul MCM, Tween-80, and Transcutol H. Astragaloside IV SMEDDS was prepared by water
dispersion to form a light blue emulsion microemulsion, and the uniform size of the microemulsion could be observed under
transmission electron microscope, and the microemulsion was prepared by selecting a certain amount of astragaloside IV in any

prescription dosage in the microemulsion formation region. The light blue emulsion microemulsion could be observed under
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transmission electron microscope. The average particle size of astragaloside IV SMEDDS was (45.4 = 5.8) nm; The dissolution rate

of astragaloside IV in the three dissolution media was significantly increased, and the microemulsion formed by astragaloside IV had

good physical stability in simulated human physiological liquid. The absorption rate of astragaloside IV microemulsion in the whole

intestine of rats was significantly higher than that of astragaloside IV suspension. Conclusion The preparation of astragaloside IV

into SMEDDS can increase the dissolution rate of the drug, enhance the absorption of the drug in the intestinal tract, which is

expected to improve the oral bioavailability of astragaloside IV.

Key words: astragaloside IV; self-microemulsifying drug release system; pseudo-ternary phase diagram; dissolution rate; in situ

intestine absorption; bioavailability
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B ER AT ; Malvern Zetasizer Nano B #4506
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FCER VR AR VIR KA PR A w5 256 R E R

fIt5 110781-201717, i #7 96.9%, HE & M2,
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LIS FE R 20T 45 S AU 0). 3 F R AE & P
AH - FUAGTFN B FLAG R B LRIV R FE 3R 1 B
FE FIT 07 326 PR A R, 3 B R R AE BB A Capmul



¢ $# Chinese Traditional and Herbal Drugs 3£ 50 % 25 133 201947 A

* 3039 -

x1 BRRREHEHSTOIENERE n=3)
Table 1 Saturated solubility of astragaloside IV in oils,

surfactants, and co-surfactants (n = 3)

PLIES LR TIAA R (mg g™)
JHAH PNGRL 12.4+0.2
BRI 453104
Capryol 90 22.740.5
Capmul MCM 54340.1
FLALF) Labrasol 101.24+0.5
Cremophor EL 165.8+0.4
Solutol HS 15 133.7+0.6
T80 159.1+0.5
WAL Transcutol H 69.9+0.4
PEG400 11.8+0.2
1,2-T9 % 78.54+0.3

MCM HE R R, 70l (453£0.4), (543+
0.1) mg/g; FLAFIF, FEFHE Cremophor EL
A T8O WA RERCR, M AlIAR] T (165.840.4).
(159.1£0.5) mg/g; BFlALsfd, 28R H HE
Transcutol H Fl 1,2-78 —EE SRS, 29N
(69.94+0.4). (78.5+0.3) mg/g. T VAN &
g5, WD BRI AT Capmul MCM 1E N #H,
Cremophor EL H1 T80 /£ AFL4L5F], Transcutol H Fl
1,2- —BEAE MBI FLAL ) E— 20 F T SMEDDS &b J7
[ilbri
2.2 Fefhseie

T B AR S v DAt — 5 Hfi¢ SMEDDS H1[1)
AR AL B I AR A LA R, FL
S F 4w Rk 2 #1743,
22,1 JMAHSFUAGRIIRIE 23 iR e RE EERR ik A
Capmul MCM 5 FL L5 Cremophor EL F1 T80 % i}
REHAN1:9.2:8.3:7.4:6.5:5RRRE
5 min, KM THE, WELBAEEMRSDE.
W1 g RKREVFERES ERIRAY), 150 t/min 1
J18EEE R IINE] 100 mL 7K RN 37 C) o, W
AL IANEN, RIER 2 AT AMEL K.
AR M FALERESE R (38 3) AlA, TEH%W
& BT 2 N, Capmul MCM A1 T80 Bt {H J5 #H
BRI AR BT, AN AR 3 A S AL
AR TR BC AR A 25 M Bl FLAG A R e 2 . R %
Capmul MCM 1ERiliAH, T80 1EAFMFIIEM]—D
W9t

222 BhAALAIEE @ E SMEDDS AbJ5 RN

*2 FAUFRSHE
Table 2 Classification of emulsification grade

AMEER SR IR
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C%  f£2min Z WA, S ERAOAEIE A
D% FLALK AR 2 min, AR KSR G ik iR
E% AR, REA MR

#3 AEIRESIFTRE A S
Table 3 Compatibility experiment of different oils and

surfactants
AR/ LA A
1:9 2:8 3:7 4:65:5
Capmul MCM/Cremophor EL A~B B C~D D E
Capmul MCM/T80 A B B~C C C
HE I/ T80 c~D D E E Vi
B JFR7H/Cremophor EL D E E #nE nE

AN FALFI LA S i AL e e e, g T80 5
Transcutol H 8¢ 1,2-N —EEZ R &L (K R 12
1 imJigiEA 5 min, 5 Capmul MCM %8 5 &
F91:9.2:8.3:7.4:6.5:5RiERS 5 min,
FIRAMTEE. B gBAEW, 1€ 50 v/min {5
FEFE T IMAE] 100 mL /K GREEN 37 C) H, W
Fo RGN, R 2 HATAMNER SIS, 4
B 4, RIS R (2 4) £, Transcutol H
A 1,2- = EE M Bh AL PEREARAL, BT R FLAL X
BOR/MHIE . SRR JG 252506 T8O 55 1,2-P4 1%
) K VAN 3 0 7~1 1 9B, FERAITAFLIBRE —
B i) J5 A 29 b AT, T LA Transcutol H 1EA
Bh AL P A e YRR o IR G e 4 Transcutol H
AT
2.3 (h=sTtHERYZH

KA =T A B e B SMEDDS 1)
FHBR D G 3iER K 10301 :
2. 11,221, 301 #HL T80 Al Transcutol H, i

x4 HESRAIAMTEAE

Table 4 Compatibility experiment of oils and mixed
surfactants
AL LTI
2:8 317 4:6 55
Transcutol H A A B B~C C
1,2- 4 ¢ A B B~C C C
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JERA 5 min, JEREEEHREEY, FREUZIE
EYMKIRE Capmul MCM $Z I8 FREL AN 119, 2 ¢
8.3:7.4:6.5:5,.6:4.7:3.8:2.9:1
WIER S 5 min, RS SMEDDS, FREULJ5 &
T KON 225 4 SMEDDS 1, HiiFEER
TERGE RIS, BEfS3 <H # SMEDDS. HU1 g
T I SMEDDS, 7E 50 r/min 4 A7 8E R I F
100 mL 7K GEJEJ 37 C) o, iCF BRI
Ab77, f#H Origin 8.0 #4134 & H F SMEDDS
1 E AR, B S AR M VL, 2553
DB 1. 268 o R oR 2% X 8k i B R A
SMEDDS 4t 75 i % T i i Bk 1 L AL el AL,
W 0 43 iz X P 1) A 7 RS T Y- 3 A sl R
FIGTFLIR, AR iz X b 1 A T R 8 T
JR S A B AN W L

0.75

T80

2R 07 AR RENS T AR R TR LI X 3K

Green part indicates the formation of ideal microemulsion area

&1 HEEFRH SMEDD (A= HE

Fig. 1 Pseudo-ternary phase diagram of astragaloside IV
SMEDDS

2.4 HEHEHH SMEDD & 5%E1E

TELh = JuAH B P SR X AT 1 i Ak 7 B )
#WH T SMEDD, 4 EEFTHEN RN
5%. T4 4L J7 FREL T80 Al Transcutol H IR iEVE S 5
min, f P8 T IE BTIRIE &4, FEAREUE 77 & Capmul
MCM A FIREEYHimiEiR & 5 min, TR
H SMEDDS, FRHUALT7 & 3 i H M 2 2 [
SMEDDS 1, fiidbEiafif, TERuE ARG, S
R SMEDDS, % i SMEDDS f#f71£ %
A N BT N — PSR 7.
2.4.1 HMEEMMEE  BLO0.5 g 3 4 SMEDDS,
HIIANE] 50 mL 218K, BFEDEG TR I B
HAFL . B> BT IR N b, s,

FERGIN 17 2.0% B RV, 1% 10 min, FUELR
MG 22 &K, T, {EESHE T WEH
EEH T SMEDDS JE B B 4, e 45 3
(FE 2) B/RsEEHTF SMEDDS AT L /N
Bt %6, RERBRS MG, K ILBIE 405
A BT H o

100nm -

2 HERH SMEDDS I MBS ELER
Fig. 2 Transmission electron micrograph of astragaloside

IV microemulsion

2.4.2 KRR Zeta AL E  HL 0.5 g BECH
1F SMEDDS, HIAZF] 50 mL Z85/Kdr, $idknik,
TR AL . FB WA EL 50 uL 35 & H i
SMEDDS #FL NN bttt s, B 3 mL 2
TR, BERIREE, 41 #82), IUN £ Malvern Zetasizer
Nano BB A HOLHCH A E KR 7 A A Zeta H
S, FFESEENE 3K, BUFHME. Mes R
(F 3) B, #H T SMEDDS Al kifc 2 IER
A, “PRIRIEN (45.445.8) nm, Zeta FAAEN
(-17.4£0.8) mV.
2.5 HEHERH SMEDDS FIMNEZARAR

KA CREZG ) 2015 FERCEETUES 0931 ¥ H
FE SRR e, 73 LK. AT B R (simulated
gastric fluid, SGF). AL (simulated intestinal
fluid, SIF) fENVEHIR, F 45K H SMEDDS
TE IR 3 BT AR A A FE o ¥ HA FE DN T 7
NE A AR AN 500 mL, EEN (37.0+
0.5) C, BEHEREHEN (50£1) r/min. K% HREL
1.0 g F 16 HH SMEDDS (&5 # & H A 50 mg)
ANF| 00 FRFEH, FHEEHAG KRR
AR, GRS, 43 I7E 5. 10, 20, 30, 45 min
B A BT CRIS AN ISR SRR B D S
mL, %2 0.45 um fALIEREER, ISR RME—E
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5%, %18 HPLC-ELSD iEUSI e 24 & &, 5
R AR . L, FESRREL 50 mg 3 W H
JEREHZGIMAE] 00 5 R ZEFe 1, 12 8 IR B E I 3 i
FHRRZ2G RBUA R, SRILE 4. HHEERE
N, AE 3 FE AR R T SMEDDS #0]
FHRE YA L E R, 10 min 259 CHEA S VA .
BRI R R 2578 SIF rpi H B e T ot 2
PR, HAE 45 min 2590 H RIA R T 36%. W
HH RE S0 U IR B B H Il B SMEDDS 1T DL
PR ZiiE iR
2.6 WHEREM

SYAMFREL 1 g B H HF SMEDDS, 7E 50 r/min

1 10 100 1 000
HifE/mm
I|
|
| 1
| |
-100 =50 0 50 100

Zeta HLAZ/mV

3 HERH SMEDDS MFLAIRIZ B Zeta BT
Fig. 3 Particle size distribution and Zeta potential of

astragaloside IV microemulsion

120 ¢
100y ~F—s =i
© i —~— B HF SMEDDS (7K)
& 80 -=- # P H1F SMEDDS (SGF)
e ol —— 1 1¥ SMEDDS (SIF)
p =W IRRZ KO
= wl == T FRZS (SGF)
Bk —~— I ERZ (SIF)
20+
O . i L L i
0 10 20 30 40 50
t/min
& 4 HEEH SMEDDS FEKBHERERZARIRINA L
% (n=06)

Fig. 4 In vitro dissolution profile of astragaloside IV
SMEDDS and astragaloside IV (n = 6)

WL I8 T INNREIZK. SGF Al SIF (&34 100
mL, EEEN 37 C) H, SEIEERMIL, idFA
rsoL, 5T 04 5. 10 h WEEHMI, BURE,
SRR AL Ko, SR S.

#5 HERE SMEDDS EARN BEHaYRiaE

Table 5 Physical stability of astragaloside IV
microemulsion in different media
e A .- KR oA i
i [E)/h nm Y%

K 0 REEIOLMI 545466 98.9+04
5 REEIOEMA  563+9.1 98.4+0.9
10 RIEGEFEMA 547488 985407
SGF 0  REAEIILRMA  53.6165 99.2405
5 WREEIOEMA 542487 99.6+04
10 REGEFOEMA  563+42 98.9+0.2
SIF 0 FEAIOLHIA 51.5£75 98.5+0.3
5 REEIOEMA  503+£78 98.7£0.7
10 RIEGIEMA 542448 98.9+04

eG4k BRI, B 1S SMEDDS fE/K . SGF
F1SIF HR5 R U ALY Ok W e 7oA,
AR A . WS E LR E Z R WE 10
h &, 3 MR AR ML 2, o4 i
RN E B 0 h AL, TEUTEEE
HH SMEDDS {ERIL 5 1718 A= B b n] PR T i
WL, HAMREfE A E P R .
27 KREAFERXE

HU SD KR, SZEGHT 24 h 22 AR20K, ip 10%
BHHEW (0.01 mL/g) R, [FEEfESLka
IR R R IR, S54LIRAF, P E T 1 em &
25 A BOFE P S S5 ) — /N A EAR N 0.3
cm RS, LR, @ HaE 37 CAEM
IKGRNRVE N TE N et WA, FEANT S
A B ERIK o K T B i SR 4 B UG B SR A IR
Wiy, JE R - A 2 FREX 0.5 g 35 B SMEDDS
F5S mg BAZLIDAE] (EFRISSN 100 mL, #REEA
37 C) Krebs-Ringer ZeiH, 2 #0E Sl (H
th 25 R BIR N 250 pg/mL, AL REIKEE N 50
ng/mL) YEAMHRE, HIRKBEE N 37 CHRAF.
WA IR BN b 0 FURE v AR AE K B B
FLIEE O3 AN BB, R GBI, A
AR RN 2.5 mL/min, 4R 7 BUE I
Gt 4 HI7E 04 0.25. 0.504 0.75. 1.00. 1.50.
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2.00. 3.00. 4.00 h 4bHX 5 mL R (R AMIn&
B RN 50 pg/mL [FARFEEE Krebs-
Ringer Z5/1), 28 0.45 pm JEMEJET, HUZLIER,
2238 24 KB 5 % H) HPLC-ELSD ¥EUSI o 35 16 H
WEE, AR A O VAR 550 nm b E
MY LU R B . T ER SRR 45 RS 8T N B, Il
BHKEMNG, TEBHBENTR (. RIEmL
JRRIR T E ARV AT, AR 0 h HER TS E
5 4 h FIRGEZ ZEVHEAYRIE (P); RIS
BB 1) ) o P 5 s FR o R P 5 AR BT B
B PR R E (X0, LLInX 6 HRER
] (o) BEATLRMERIT, EZRRLER R AR I &0 L
(K2, FHRAE AL EHRWBIE R (Pap) =
Ka/(3 600 S). [AlVE, HEHEFRIL 25 mg 2 6 HH 5k}
245 mg BRI E] (ARFRI58 100 mL, HEEEY
8137 C) Krebs-Ringer ZZiMiH, 73 HUE RGE B H
VR BB A0t RV BOIEAT R BRAE A It S 58
WHELY) Py Ko Ml Pappy SKIEERNE 6. FRK
B, $EICH T SMEDDS JE AT AT DA 2 42
=AW Py LA Ko FH Pappo

#* 6 WEHFH SMEDDS MAEKRFRERBGENWARESH
WEEH (n=3)

Table 6
SMEDDS and astragaloside suspension (n = 3)

Absorption parameters of astragaloside IV

%) Pl% Ko/h™' Pap/(X 1070 cmes™!)

SRR 8.6+2.1 0.02840.003
HEFH 1 SMEDDS 58.4+4.6 0.435+0.021

0.37210.054
5.466+0.082

3 iTig

R A2 R G AR . AR B LA
IR 25 A BRI AL, EE T2
VA2 AT, B 2 3 Bl AR ) AH 51 R
DK I BE 8 PR T i3 S ) o P15 % W B g s
FLOG LA MR R o ASHIE FE AR A VA gk P DA S B AT 5K
I 45 B, i 1 % F EF SMEDDS H Capmul MCM
YE AR, T80 fE NFL4LFA], Transcutol H {1 NBh
FUAFIZE R, FHiE ik O = JoAH BE 22 il H B8 T
FFE BRI R SMEDDS 441 il 4 1 FH &
0

SCHERFRE 228 R & HTVE I E SMEDDS 1
2T S, SR T SMEDDS 7E 5 /K35
SERITEROFL, KA B R R ALz,
bk R Gk AR L), 368 SMEDDS H %

VIR EA 76 AR EENF B 2454, DRIk R 0 Ui 75 245
WA SRR 3 H IR AN 58 4@ B SMEDDS. [l itk
AWK HEIEF L SMEDDS A EI 27
BN E 2 R, BRI E 207 A4S
TR HETEROR P DR BRI 25 5
B, HEX5HEEHFH SMEDDS HHGEANEN G
25 LRI S DU A, DR AR SR F 1%
R 5E B B A SMEDDS HIRAMNA .

L A B T SMEDDS S5 HEHRE
TR BRAE AR RS o, SIeter 8 SRR B B R
SMEDDS JE J& [ i ZL i rT AR 58 = 25910 P, BA
K25 Ko Al Pappo AT REAE T3 ECH HF SMEDDS
TERGIFLE, BN T 2, BB BRI
FURAR RO, BAIERE RIERTR, FT
FId B KSR 2 s UL/ itk
ELE IR, TS T A0 P

SE R
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