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drug delivery system
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Abstract: Objective To study the prescription and preparation technology of licorice flavonoids self-microemulsifying drug
delivery system (LF-SMEDDS) and evaluate its quality. Methods The optimal formulation of LF-SMEDDS was screened by test
of solubility, compatibility of oil and emulsifier, and pseudo-ternary phase diagram. Simplex lattice method was applied to optimize
formulation with average particle size, polydispersity index and drug loading as evaluation indexes, the physicochemical
characteristics, in vitro dissolution and stability were also determined. Results The optimal prescription composition of
LF-SMEDDS was 10% of Cinnamomi Cortex oil, 55% of RH-40, and 35% of 1,2-propanediol. The LF-SMEDDS exhibited uniform
and transparent appearance, with the average particle size of (16.30 + 0.22) nm, polydispersity index of 0.155 £ 0.008, Zeta
pontential of (—20.11 + 0.50) mV and drug loading of (86.03 + 0.37) mg/g. The results of in vitro dissolution test indicated that the
accumulative dissolution of LF was 90.65% at 30 min. The stability experiment showed that LF-SMEDDS was affected by high
temperature and illumination, indicating that it should be stored at low temperature and protected from light. Conclusion The
LF-SMEDDS is simple in preparation and stable in quality, significantly increasing the solubility of LF and improving its oral
bioavailability, which can provide reference for further research and development about the related preparations of the active fraction.
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HE A (licorice flavonoids, LF) J&MEE}
H LR H R AR AR ZE TR R B — 2 AR R
PR E Y, AAEE AR, HAAH
JiRE . PURTE PUBE PLot. PUES RN PréElb.
B IR . CRIFH I A B & 2 Ph 2 B s 1%, X5t
Ttk % . WAMES Uz RERE . BB IR SR 1
BA RGErERNS, 5810, H BRI K 1
VAR AR, SEOL O R, 1R N AR BEAR,
PR T ARG A K S IR . ek, ©F
FE IR EALL, FLENOL MRS S
EHARSGE H R M S AR R, (BAE ER & T 2%
P, AR ES RS, Hik, RiEFHE— R %
TR Rz A VT () SV B AR KA Rt
I P A R S R

HMANREZA RS (self-microemulsifying drug
delivery system, SMEDDS) & HyiAH. FLALFIFIED
FULFIH B B S B SR AR R, DGR E
WiEIEZ ™5 B iR G, AR BUE SRR T
100 nm ) O/W BUGAL . ZAR 24 1 2 mT 448 o v 1
VIR IRIE, (R AE B 73E N S POEY B
W2 EsENE, R, R
RN, #EMASGE A AR, (R
AP R S BRI E R, T 2 M T HE
T 28 AT T AR 1213 Ay gtk R T K I
Ze AR R AR 1) R, AR SEES SR A B FLELAR
WA H IR, 5 A B AR VI I H R
HAAFEZG 24 (LF-SMEDDS) A4t J7, FExfH
HATRETEOY, DU I H B AR, 52
YIRS, A R 7R R R A AR AR A
1 UESHR

UV-6000 BUEAh-1] WAy S EE T, BilgSEkia
HIRAF; FA224 7 R ipz—, b
R A R AR 85-2A H R HIR 7
JITRFEES, MBS BR A F] ;s Nicomp 380 ZLS
RUBOER A, SEE PSS A TGL-16C mif & 3%
EOHL, B EREEAER) s Tecnai G2 UGS HL
T, 2 Fei Ar; RC-3 B H LM AL,
L ZRIERERF AR A PR A 7]

HELER JFOR 2, N R A IR A E],
#It5 GB20181020, Jii & 73 # 70.0%; HHEH X ] i,
fit'5 MUST-16032801, Jii&E 7 %0=98%, J#RZ &
R AR A s PEEM, TP s i R o,
7 S B4 50>90.0%; MR LB, i WAk

T BRACHEAEMM (RH40). BN R
7T CEL40) 3306 F Ll AR R 24k TRME A IR A
MR . ERR . RILALES 200 R iLFLEE 80. Ko
T2 400 (PEG400). =/, 1,2-75 EZ%)0 H AL
TR TR s 0 ST, Wriilst R 24 R
AT AONEEK, WA Al
2 FEEER
21 HEEENEZENE

HUH B X6 PR 5.0 mg, K ZFRE, BT 25 mL
B, IEE 70% LB AR, EREZIE,
Be /5 5 B N 208.4 pg/mL (% RSB 2, K
ZEH 0.3, 0.4. 0.5. 0.6 0.7 0.8 mL X} & 5 fif
/W A ET 10 mL X, KA 10% KOH
W 0.5 mL, ¥ 8 5min, F 70% L8 E R EZIE,
221, UHIRARFI A2 AR, T 336.6 nm AL 52
WG () B, VLREIRBEAREAAR, 4 [E A
B, 2 EHJ5FE 4=0.049 5 C—0.056 3, =0.999 5,
LR Y] 6.25~16.67 pg/mL.
22 HEAEMEBMIHENTNEHEEER

KRR FIRAE . FLAk7R. BhFLALIS 5
mL, Al EHREEE, &5 2 h g, T
(37.0+0.5) C/K¥EEE 24 h, T 10000 r/min &>
15 min, FEHEIEWBOE R, A 70% O BEM RS H
FEHG H% “207 TURJ7EGE, ZR0%E 1. dik
AT, H BT R LR A (R A PV AR R IR IR
PRI > TR £ 6 > BRI > TR, 7E AN [A) LA
OV RS K /MR IO EL-40 > 1 AL fE 20>
RH-40> % 1113408 80, FEANIF BhFLALTRI A (1) fift
KAMEIRN 1,2-73 — [ >PEG400> 15 =%

#*1 HEARRESENTPERE (X Lsn=3)
Table 1 Solubility of LF in different excipients (X *s, n =3)

ik Liipes TR Z (mg-mL ™)
A TR 2.7340.03
TR 21 42.2340.09
BRI 16.9940.10
AR 362.22+0.12
A R L2 20 124.1240.15
R L2 80 25.7410.06
RH-40 43.85+0.06
EL-40 150.13+0.20
B PEG400 116.48+0.18
W= 25.64%0.04
1,2-74 177.5240.15
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23 BRHEAHIEIZNAHTFE
231 JAHSAMAEHEE  IERRERER ST
WA GHER B8 B WA 5%F 07
ATHCAT LSS, FmAH S AR A% 9 T 1. 812,
7136 4 REWE, BB HBEMA 0.5 g WA
50 mL #lifks/K (37 “C) 1, 300 r/min TEERE 11
P, Mg E SN, ]S E AR, R B
PEMAREI AT 20 . 255, BERRIM 5 &AL
MG A N, T2 e ROIRY ;s IR Ll
55 ILALEE 20 BRI IRGT, 5 H AR FLAG IR S
FUAGIRAE, T2 RO FLA A R AELE s T PR Vs
5 4 FhAARIAR R S ey, HH R E PR
T AR B, WOERRAEIRAE 9 iiAE s FLAk
#H RH-40 5 EL-40 (1704668 77 B WAL T 5 1L A4S
20 FERILALER 80, T AIEEVHACAT. RH-40 I LA
5, FLBCRELF, Mo RH-40 NFLALF .
232 AR L R LA R S B AL R 4%
1 1RAERREEGAMR, HSmMmHEL9 11, 812,
713,64 WA, MEABMA 05 g WA
50 mL 4ifk/K (37 C) 1, 300 r/min [E# A /J4i
P, WA FALENL, LB R B FLAL BE
50, BhFLAIR I NS 58 T AL ROR, Hd,
12-0 RN B LGRS, POREECAL RH-40 FL4k
e TR N A R, MOR B, WE 1,2-T0 =%
AT
233 Ph=suMHEMEE] KIS B FLAG X
9:1.8:2.7:3.6:4.5:5.4:6.3:7.2:
8.1 :9R G, HEMAMHZ9:1.8:2.7:3.6:
4. 55 MERS), A BEMA 0.5 g, A 50
mL ZifbK (37 °C) H, MEEHIAMEN, 1R
FACFLI 241 A b, DLIAH . FLAGTR. BhELAk
A =JCHH ) 3 AT, il =JoM I, 45
R 1. WELXE A RH-40, 1,2-]8 1%
I EL 533318 10%~30%- 10%~80%- 10%~80%.
24 BERENEERCEHIALT

W A AT B S E 100%,
S = A EI TR AL X 3k, FE4& Bl
FULFIF HETCHE, #E & 45 1 E ey Wi
M (A 10%~25%, RH-40 (B) 45%~60%, 1,2-
P (C) 30%~45%, LAHEMILIFRAR (Y1),
HIALEE (). 2w (V) R e, R
Design Expert 8.0 % {1 S 4 A% 544G LF-
SMEDDS 477, il5e ik it g5 5 W3k 2.

1,2-9

0.25 PR 0.75

1 HEERz=EBE®MIANMN=THEE
Fig. 1 Ternary phase diagrams of blank LF-SMEDDS

x2 BAgRMERERERIERITRER
Table 2 Optimal experiment design and results by simplex

lattice method

RS A% B/% C/% Yimm  Yas  Yi(mggh)
1 17.5 52.5 30.0 81.1 12.28 92.99

2 17.5 525 300 741 15.61 93.39
3 25.0 45.0 30.0 188.0 59.37 121.88
4 10.0 60.0 30.0 159 10.12 82.28
5 10.0 525 375 175 9.70 86.19
6 25.0 45.0 30.0 187.8 58.35 123.29
7 20.0 47.5 325 1145 2944 101.27
8 175 450 375 88.0 17.74 91.78
9 150 50.0 350 77.8 2278 94.01
10 10.0 450 450 20.1 9.98 76.94
11 125 475 400 47.1 10.19 84.18
12 125 550 325 354 1282 87.35
13 10.0 450 45.0 19.1 10.81 75.01

14 10.0 60.0 30.0 16.6 11.06 84.89

%32 2 AL TT LIRS BRI S 4H 5, 37 C R
200 r/min B4 38 4E 15 min, BFA AWM. T5H
HFL o 2 H SR, RS, A 2 h B
(37.0£0.5) C/KIEE 24 h, LUARIVAM T4, 15
LF-SMEDDS. H{ LF-SMEDDS 0.5 g, {#A 50 mL
aifksK (37 °C) w1, 300 r/min fEERESHEEEE R
f5E4s, SR HBEOGRLEE G € %245 B iFL IR T3k
12, AR IC S B FLAL I A ; K% FRHL LF-SMEDDS
0.1 ¢ T 10 mL 2, in 37 CHgithKem =%,
P2 AL, T 10 000 r/min (573 &0 15
min, MEBI EEREE, WA 70% MRS
EEAME, 1% “2.17 BN J7E LF-SMEDDS 1)
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AR,

2401 HUEBBRA K TTE45 8T i Design
Expert 8.0 ZfF, DL Yi. Yau Y3 ATEMEAREEATIR
A, fFmNTRE: ¥1=202.578 A+23.271 B+
42.646 C—4.558 AB—6.453 AC—1.379 BC+0.137
ABC, P<0.000 1, r=0.997 3; Y,=152.048 A+
17.419 B+31.746 C—3.398 AB—4.815 AC—0.992
BC+0.098 ABC, P<<0.000 1, 7=0.992 7; ¥3=51.323
A+4272 B+6.089 C—1.055 AB—1.455 AC—0.181

BC+0.029 ABC, P<<0.000 1, r=0.995 4.

XF ER BB FEAT T7 2 b, WK 3. 45
K, ma AR P AE<<0.000 1, IZ/NF0.05,
AN P KPR T e RIS A I )
P43 0.072 9. 0.109 9. 0.391 9, ¥JKF 0.05,
AR T-allR 22K AR 2 BRI EE R R EL -
KR IEVRTE R (rag) YIKT 0.95, FEREIFBA
WERL, BEAMRERME, e MEmbRgE g 2=
(P Tt e e Ak 7 51

®3 WAFMUFEDN

Table 3 Analysis of variance results for formulation optimization

K ‘ R ‘ H A 8] ‘ E2 i
S5 F1{H P1{H SEJif FiE P SEJif FfE P

it 6 45518.82 43000 <<0.0001 378330 16344 <<0.0001 272539 254.67 <<0.000 1
AB 1 849.34  48.14 0.000 2 579.91 15031  <<0.000 1 13423 7526  <<0.000 1
AC 1 216.68  12.28 0.009 9 260.59  67.54  <<0.000 1 5092 28.55 0.001 1
BC 1 0.19 0.01 0.920 8 1.10 0.29 0.609 7 32.83 1841 0.003 6
ABC 1 23145 1312 0.008 5 10543 27.33 0.001 2 10.55 5.91 0.045 3
i 7 123.50 27.01 12.49

I 3 98.24 5.18 0.0729 20.16 3.92 0.1099 6.15 1.29 03919
AR 4 25.26 6.85 6.34

M 13 45 642.32 3810.31 2737.87

2.4.2 VAT AR R, il =4ERN BN, EZTEUIRIE R RH-40 ELIEIN, #HE

T, W 20 BSEmTA, RN BB~ 35k 12
VRO B LR, BEE AR LRI B, S ERAR
K s B RH-40 L9 (38, T35 RiAR 18 T ek /) 5
M 1,2-78 B2 L] B3 hn, T35k iz s X,
{RARAUIE FE N . b7 W A S RH-40 EL I H
LA ST ] PR 52 0] 35) 950 302, 325 , (L PR i D 52 10 B R 2
HAHEL IR, A LR A FAE RH-40 LLf)
K, B FLALE TR B B4R 1T 1,2-79 R
LA A] (5 5 0 AN K B

PRI it L A9 0) 0 24 B A s el J2 3, PRV i EL 491

E v
£ = 1l
X 50+ > 10+
| =
<
A B35 | A@)TTT
__—Cc@s) :
C (30) el C (30)
B (60) B (60)

] R T——— s} ]

BEZ 38K BEE 1,2-T9 BB, HAER
PN AN T EE R

2.4.3 FRATTHESEAE AR BRI R
R ORLARRR/N, PERAGERR, 259 5 IH
P IR TR, ARG S e,
ShR CRFIRBN, BERAIRARRMANEN, 54
3 AR, 8 AT A B AL AL T S R TR 10%
RH-40 54.71%- 1,2-T§ ¥ 35.29%; N TS24
1, Kb J7 BRI 10%. RH-40 55%. 1,2-

— |

2 ZEES LF-SMEDDS £t 75 #0893 R
Fig.2 Response surface plots of effect of factors on formulation of LF-SMEDDS
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L, M ke, BN RMERZE, S
B AT IO, WER 4. 5 R SRS AR S5 M
TUIMEL ) 22 28 LI/, U B S R B A Y
TR R4

Fz4 FMACREIESLIE (X £s,n=3)
Table 4 Verification test of optimal prescription (X %s,n=3)

R AE LD THE S W% /%
SRR /nm 16.82 16.30+0.22 3.09
EERIATIEI 9.43 9.6940.19 -2.76
RZGB/(mgg) 86.60 86.03+0.37 0.66

244 WHFHEPIIMANERSE 2437 TR
H 7L A T %k H B B v R R 2 =R 86.03
mg/g, SEEH R I, MMM Bl 100 mg/g I,
TKFRE S5 AL E 24 h B 20T, ATRE 2
A2 I R, BRI RABEIE kR e 1) 5t
M, HERERLE AT . Bk, ey b
B N E A 100 mg/g.

2.4.5 HEEEEAMIALRSE S RS RREC A
1.0g, RH-4055¢g, 1,2-I§ K¢ 3.5g, 37 CF 200
r/min #7188 15 min, 825 A BEMIA. TEABEM
FLHREE I 1.0 g BS54, JRBAT, #8752 h B,
(37.0£0.5) C/AKIEHE 24 h, LUARIEM T, 13
LF-SMEDDS.

2.5 BHANREIFN

251 AMWL HEEEEAMIAIEMRE (4 C) £
BN CLAR BRI A 7RSI (25 °C) 7
RSN AT 35 W B A0 KR €7 - B LF-SMEDDS
0.5g, fn100 fEEMAtbK (37 C), AR
WO PELT V5 W R S (I W

2,52 fOMEZA B LF-SMEDDS 0.5 g, §i#A 50
mL 2ifb/K (37 °C) v, WAL IHEEE, TRk
o WEEE I H R AL . BUELIRE R,
TAEB A SRR A R L, & & 10 min J5 B4R
W B 22 WA, TN 2% MY BR ISV, 1% 5 min,
HRET, TEFHEE TN, 45 LF-SMEDDS
SRS ML R RAERE, AL mJokE, 0
by, WK 3.

253 KRESAE Zeta B HU LF-SMEDDS &
&, 037 CAtb/KFR 100 %5, HIf5EHEEHT
HEEIMALR . DURABE R, RABOCKE 5
BT AU 5 2 1 1 L RN A 24 1 L T~ 2 R A3
Zeta HIfL, W3 5. S5RFKM, AMIARATEMR

JHme: "',z ,"'.
3 LF-SMEDDS iE5tH % E
Fig. 3 Transmission electron microscopy of LF-SMEDDS
RS MULFGHFIIRIEZER Zeta BAL (X £s,n=3)
Table 5 Mean particle size and Zeta potential of optimal

formulation (X *s, n =3)

L0y PRI /mMm PDI

Zeta L7/ mV

STEBEMA 1540+£0.14  0.107120.004 —13.4840.78
HAMA 16.17£0.19  0.15540.008 —20.1140.50

BRI A S Zeta AN LS E AR ZEA K, H A A&
rh, 0 B R R R 0N L R AR A
Zeta FEAT GRS 52, PRI R AR MR AT

254 WA EMEE A H LF-SMEDDS 0.1 g
(Wo), FEERRE, BT 10 mL AZGEMF, I 70%
LG, A S min, AHERE, N 70%
CIEMBERZIEE, WY, KE%E EER 0.1 mL,
BT 10 mL BRI, N 70% MR 225,
PEAY, 1% “217 BUR MBS E (WD,

HU LF-SMEDDS 0.1 g, %% e, BT 10 mL
KRBT, I 37 CRgifbKemEZIE, 75
2 LA, B2 2 mL B T &0 10 000
r/min B50 15 min, FEEER FER 0.1 mL, BT
10 mL BRI, N 70% LG R, B S
min, WHIEEE, N 70%OEMBERZIE, B4,
i 217 WURTTEMEZEE (). RiEARK
WA R=w/Wo it HEZ R (85.55£0.40) mg/g,
R¥E AR AER=wyw HHEBEHEEN (97.52+
0.13) %. Z5HRM, HEWE ML RO
By, FEAH R IRIKAHZ K.

2.6 {RINAELETN

KB RIS LF 43 mg [ J50RHZG A 3 AL, 36 T
0 5k %E5% . B LE-SMEDDS fif ik %€ 6 %% (0.5 g/¥i,
A8 HEHE 43 mg/kD, HEL 6 KL E HIH H
ik 2] (LF, 298 HHf 43 me/kn), #%
[E 2500 2015 FERRIA H BRI e v 28 =k (i) it
ATIE, BA 900 mL 7K i AT, e #eiE Ny 100
r/min, KIBIEEH (37.0+0.5) C. 45T 5. 10,
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20 30. 40, 50 60 min HUFE 4 mL, [FR AN 2S5
SRR AT, FERIERE 0.45 pum THFLIERE
eI, % 2.7 WURENE H R S, 4]
gk, W 4. 458 5o, LF-SMEDDS f£ 30 min
i AR R Bk 90.65%, 11 LF 7£ 60 min Py 21
W ZRNT 25%, R E AL REA R0 H B B
FEZK B tH

27 HEARINBEMAREMHRR

271 FEEEOSEE HULF-SMEDDS &=, T 300

r/min EERE 40 FE DN 7K FLAK IS T Rl H 5 5 i il 7L
T o BUZ AL 2 mL, 10 000 r/min 15733 250> 15 min,
MEEAMRE 7). SHREAHEEERHMILIRE &
O JE AT I B ST K EILE
272 SEJGHESZES 43 H LF-SMEDDS 0.5 g+ F.
R MMIARER, BTHE (25 C). #mti
(4 500£500) Ix 26 FORFE, 730 T5 0. 5. 10
REGHMPER, WEHEERMAMEE, 4R
W 6. HBLAIA, JHCE 10 d J5 E R R el

100+ BIFIEIE A, FLIRRLAS & B R R TG B R AR,
e Sl M 2459) & & F& 4.16%, $&/% LF-SMEDDS [
0y~ 1R 17

. f 2.7.3  REX EMILRRE R 43 L LF-
4_% 01 | e SMEDDS 0.5 g FLibJG BMABGE &, 2 HE T 4.
2 25. 60 CEOLRAE, T5 0. 5. 10 RBELIUME
B " R, W H B EER 2R BB, SSRIE T,
204 3 . . HUEAT A, KR (4 C) FIEER (25 C) #mME

| : 10d 5, B RHMILBBOEFEW, 2495 &,
03 - T, FL I RLAR | E?E%H#I‘Eﬂi@%'ﬂﬂﬁﬁm T = I
t/min (60 C) X HFUFLAE R B2, HE S dA

4 LF-SMEDDS X LF HOBEHEILE (n=3)
Fig. 4 Dissolution curves of LF-SMEDDS and LF (n =3)

10d J5, ZiE&EHE TR, 5 R T 38.34%A1
54.74%, BEIL B O RIEG S, HRZRIZ

3% 6 LF-SMEDDS EXBEMHTHREN (n=3)
Table 6 Stability of LF-SMEDDS under intense illumination condition (n = 3)

I RS ) /d EEE RIS e NTISN AIREIRR Wﬁjﬁi RSD/%  kife/mm  EFLALIE)/s
(mgg™) 5 80%

0 LLRREL, FEUIMCIR ARG, EIEEY 85.85 100.00 191 16352025  9.63+0.27

5 LLRRE, BEUIMCIR ARG, EIEEY 84.66 98.61 098  1629£021  9.5540.26

10 LLRREL, BEUIMCIR ARG, EIEEY 82.28 95.84 1.02  16.6240.23  9.46+0.19

=7 BEX LF-SMEDDS 2 EMHHZME (n=3)
Table 7 Influence of temperature on stability of LF-SMEDDS (n = 3)

EE/C o IE/d EEERI S (e NTIO gﬁ%ﬁ%ﬁ *ﬁxijﬁ% RSD/%  Fifd/nm g%m

/(mgg")  FE% I [A] /s

4 0  ZfRf, BHMEPK  AREE, EIEIEN 86.24 100.00 0.58 16.47£0.19 9.19+0.18

4 5 kR, BHEPKR  AREE, EIEIEW 84.60 98.10 1.03 16732029 9.70%0.28

4 10 ZofRfs, EEMR AREE, EIEE W 83.69 97.04 0.79  16.53£0.25 9.53+0.18
25 0  ZfRf, BHMEPK  AREE, EIEIEN 85.88 100.00 0.50 16231026 9.66+0.27
25 5 kR, BHEPKR  AREE, EIEIEW 85.85 99.96 093  16.10£0.22 9.91£0.31
25 10 ZofRfs, EEMR AREE, EIEE W 84.82 98.76 0.86 16.17+£0.25 9.58+0.10
60 0  ZfRf, BHMECK  AREE, EIEIENW 85.23 100.00 0.55 16331020 9.40+0.22
60 5 WA, AWt ARG, BIEEY 52.55 61.66 122 28.43£0.38 24.6310.39
60 10 RARE, AVITH RERE, BIEE W 38.58 45.26 1.68  78.10£0.43 53.87%0.58
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WK, HIAHEREMK. Kk, LF-SMEDDS R
TR AT o
3 e

EEO TR At/ E i) e - T o
PR — S B R E B 2% T A8 Sy A R P P
ARSI DAH B A B, S R Ao R
HEE AT S 2N E, SWER—By =M
HPLC VEAHEL, 27k, B, BAS, AR
U b S B K 2R B 4 () AR B M o AR SR i
WA%EXT LF-SMEDDS &b 7 #4744, 5% AR IE
AEVE B B BN THNEAR L, 27 VR S R
Ao BRI TONPE R AF, ek 4H gy R = AR B
AN S A=Y TR b O Ns Ao D ISATIR B 3E S
X7 A MRS, JLHERH T80 B ElEE
1) 52581,

SMEDDS 4k 75 M Al 1) S B AE T 3% 5 1 1)
L FUF S BRG], Hoh, AR R B
e AL LA ORI RS B R B
e FLI R AR, kT e L AR E I, TR B FL
AT 32 B 8 25 . T S KOO T
(HLB) WI{ER, FH5AMFIERRE & S, (it
WFLIE RO N Aa s U, ASzig R B, RIRHE
Yy R B AR B S, R BT B AR
MIBLERR, AT AN R, FrisaLmi
FIARREK, TR B LR R s 2220 ik
FHFLAFAHEC A S50 2R B, PRE M B LA SR Bt
5 4 FpAAABCAIIRETE B A AL  FL R RTE T
PR Y01 110 28 B A A B B AR 0 T IR RS, e
2 G AR N FLAL I, AR T Ko T A,
B Gy LA IR A2 s R 5 I PR R i PRI e
JE f o, A AR R AR, AL X 8
IR, B I - e R ) 2 B G A R KRR 1Y
AR, FEREPRIT . FFa PR S50 1 va T i o
TETE R RN 22, B RE e oy 245 R, AR
B A B AE R T B R, rTRER S e A .

FLAL T % 3% 32 B DA AR A AL A R i o i
W, & HLB B LA A AR O/W BUGFL IR R L
K HAEAKAF P8, HEEE, WM—8eRH S
HLB E i FLAL I, 2 s 50 07 3% BT 15 19 FLAG
RH-40, HLB (% (14.7), Ha] LLmil iz gm it
K P450 XSTAMIRIMEILER P-REER A (P-gp) X244
SN HEERT, BEf it 29, R
VIR R RSt i a1 Bh FLA ) 1,2-0 1%,

O Z AT B, i, BA%
thm. ey MRS A, HH 50
FEH AP ITE MRS B, SO HAE VB Fx 4R
AL TT B2 R SRR e A R .

H AL R0 RS E M Wl g A s IR
RS AT RAE . S B0 SR, LF-
SMEDDS [FI#) A E T R4 9IRS i g, ot
x5 LF-SMEDDS [Ifa e 1, 4 E &6
BN A L I A
LF-SMEDDS €M, HE 5 d Jm B MABEIT
R, KARHERIS, SRR TR, W
RE HI TR T, 2y AR, H 53
BRI . BRIk, B AR mH B
RN, NARRBDG RS . AW TR Hal
TE PR & R /N . B RS, BRI
LF-SMEDDS, J&#okt WILRE1b . 25280 K i A B
ST EATIRAWT T
SE R
[1] Yang R, Wang L Q, Liu Y. Antitumor activities of

widely-used Chinese herb—Licorice [J]. Chin Herb Med,

2014, 6(4): 274-281.

[2] LiuDY, Guo Z H, Zhang J, et al. Anti-inflammatory and

anti-oxidant effects of licorice flavonoids on ulcerative
colitis in mouse model [J]. Chin Herb Med, 2017, 9(4):

358-368.
[3] Guo Z, Niu X, Xiao T, et al. Chemical profile and
inhibition of a-glycosidase and protein tyrosine

phosphatase 1B (PTP1B) activities by flavonoids from
licorice (Glycyrrhiza uralensis Fisch.) [J]. J Funct Foods,
2015, 14: 324-336.

[4] Xiao W H, Dong Y B L, Li G, ef al. Flavonoids extracted
from licorice prevents colitis-associated carcinogenesis in
AOM/DSS mouse model [J]. Int J Mol Sci, 2016, 17(9):
1343-1357.

[5] Toshio F, Ai M, Kiyoshi K, ef al. Anti-helicobacter pylori
flavonoids from licorice extract [J]. Life Sci, 2002,
71(12): 1449-1463.

[6] Luo Z H, Guo Z, Xiao T, et al. Enrichment of total
flavones and licochalcone A from licorice residues and its
hypoglycemic activity [J]. J Chromatogr B, 2019, 1114/
1115(1): 1-45.

(71 KWK, JRHESS. H SRS H B Bl 2R Ak & M O
JE LR AR FE Rt e (7], BARZG Y 5K, 2012,
27(4): 429-434.

[8] SRHIA, WLMER. T J2 FA R8s 40 i 107 JH A e i
R BE FC R (0] 25 W VRO BE T, 2015, 38(4):



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

* 3051

(10]

(16]

439-447.
b 25 UL KR, BRINGR, S H IR AR U AR A
KA 5 (7] AR 0T 5 5 s, 2011,
25(3): 55-58.

x|k, W FE, BRE, % RELGE AR
B R AL E A S [J]. FEFZRE, 2010,
35(4): 449-452.

I, WEW, B o, & HEENE--HMEaEE L1
2446 (7], ESEL RIS E, 2011, 17(4): 30-32.
PR, A B, BREREE, . PSR . DR AR
[ £ B ARSI R BEVFOT [0]. HhEEZY, 2014, 45(22):
3256-3265.

X P wk BR, RIRE, & ORE RIS A -
B RG MM E [J]. A2, 2017, 48(16):
3377-3383.

RSP, B8, AR RIGIAE I R B LR
ARG & T2 LRRIFNTIA [J]. 5, 2015,
46(6): 822-831.

R, WRAR, B, F. RATE MR AL BT
ZE AWM T B AR R [J]. HE 2 4
&, 2014, 39(20): 3936-3944.

¥ wR, N, BOME, F BRI EEIUE A
S B AL T [J]. PRSI T AR E, 2016,
22(24): 13-17.

[17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

XFE, HOORE, kIR, & RAABEA S B ELRE
2RGSOV AT AR 734 7). s
7], 2016, 47(21): 3798-3804.

RN, FHRR, EAK. BIAMLIMEEREIATT
AL T E RIS A [J]. R E R AR R, 2013, 22(2):
190-195.

TRATE. WERE B UFLA A RA M [D]. ¥FrE: AR
HERZ5 K27, 2010.

Date A A, Desai N, Dixit R, et al. Self-nanoemulsifying
drug delivery systems: Formulation insights, applications
and advances [J]. Nanomedicine, 2010, 5(10): 1595-1616.
Sid, 005, W e, & REER-EEEEE I
%% SARSMEAN [1]. Thkizy, 2019, 41(1): 1-7.

SKANF, skGRI AT A, SRR EAE I A
HERE [7]. PEF 2, 2015, 40(23): 4568-4572.
Kallakunta V R, Bandari S, Jukanti R, et al. Oral self
emulsifying powder of lercanidipine hydrochloride:
Formulation and evaluation [J]. Powder Technol, 2012,
221:375-382.

Rao Z, Si L, Guan Y, et al. Inhibitive effect of cremophor
RH40 or Tween 80-based self-microemulsiflying drug
delivery system on cytochrome P450 3A enzymes in
murine hepatocytes [J]. J Huazhong Univ Sci Technol,
2010, 30(5): 562-568.



