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Preparation and in vitro quality evaluation of silybin supersaturated
self-microemulsion drug delivery system
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Abstract: Objective To develop and optimize the silybin supersaturated self-microemulsion drug delivery system (SLB-SSMEDDS)
and improve the oral bioavailability of SLB in the biological medium. Methods The formulation of SLB-SMEDDS was selected by
solubility test, emulsifying ability of emulsifier and pseudo-ternary phase diagram. The analytic hierarchy process (AHP) was used to
evaluate the performance of each prescription to screen the optimal ratio. The type and dosage of precipitation inhibitors (PPIs) was
optimized to maintain the supersaturation and duration of drugs in biological media in vitro; Finally, the emulsification effect, emulsion
size and surface morphology of SLB-SSMEDDS was comprehensively evaluated in terms of in vitro release and in vitro
supersaturation. Results The SLB-SSMEDDS prescription was Capryol 90-Cremophor RH-Transcutol HP-HPMC-AS MF
(10 : 67.5 : 22.5 1 2). The self-microemulsion with a drug loading of 50.19 mg/g was uniform and the emulsion droplets were
spherical in shape and uniform in size. And the emulsification time was (30.67 £4.16) s, the average particle size was (11.67 +
0.81) nm, and the PDI was (0.15 +0.04). The dissolution rate of SLB-SSMEDDS in FaSSGF and FaSSIF-V2 was significantly
increased. And the in vitro dilution and supersaturation could be maintained above 10 within 120 min. Conclusion
SLB-SSMEDDS has a simple preparation process and can improve the stability of traditional SMEDDS, maintain
supersaturation effectively and enhance the dissolution of SLB in vitro.

Key words: silybin; supersaturated self-microemulsion; drug delivery system; in vitro quality evaluation; drug loading; average
particle size; biological media
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MR A FLA 2 7% (SSMEDDS).

K KEIE Csilybin, SLB) &3 RHE /K K #i
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SLB Ki/KimEtEs % (25 C, 1.352mg/mL) 02, A4
VIR FHFEAR, RMRURZ IR, ASHE 7T e fh H —
Fi&iE /) SSMEDDS, VAMASE & HAE AW/ i i)
IR AN AE K 3o A AT ]

1w
11 {X3%

FEI Tecnai G 2 Spirit TWIN 120 kV &5 1 &
s (£E FEI AF]); Agilent 1260 %Y &= 24 A €4
A (EEZHE A F]); Malvern Nan-S B gHoKEL
JeRE A (HEE Malvern 24 7] ) st 25 O (fil
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(SRR AR] ) Tk PHS-2F-pH i (&
AR A A IR AT
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HXSFIB20190305, /it 47 #(>98%); SLB Xf i i
AR IRIEAEM R A R A ], iS5 S-0240181008,
JR B >98%); N EEHERNEE (Capryol 90).
T FER 2 HERE (Transcutol HP). MR 2 1%
Hihs (Labrafil M 1944 CS). HuilV i Eg H i g
(Maisine 35-1), ¥JRNGEIEIRSE B o w] Mk, iliAd

fis-20 (Tween-20). Tween-80 I [ i -4 A RHY
BIRAF; RELIFHERM (Cremophor EL). &
A LIS AE BRI (Cremophor RH). 5 2. ¥ 400
(PEG-400)- % 4% O N I i - SR BE R £ )-8 . —
B R B LY (Soluplus) T [ B 7 I ob [ 4 R 2
Ay BAFEFRLYER (HPMC)., F 9 55 I L 21 4
# (HPMC K4M) It 5 7522 R IE 245 A R PR A ] 5
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21 4 R BEFARREE (HPMC-AS MF), Ashland /A 7 ;
PR IE (Eudrgit L 100-55) /& [ % 4\ ] .

2 HEEER

21 AISBi& (FaSSGF) /I ATk (FaSSIF-V2)
B &

FaSSGF: ‘F#HERHN 80 pm, XSEEUNMEAE 20
um, FALEN 34.2 mm, B EARE 0.1 mg/mL, pH A
1.6; FaSSIF-V2: Z-ZHEREN 3 mm, SEEGEH6E/G
200 pm, S4b%N 68.62 mm, K% 19.12 mm, pH
N 6.5,

22 FERRERNE

a3 BAE—E BRI I GE =1 SLB, iRiE
5min J&, #A 120 min BIE, 37 CEUREE KT
24 h, 8000 r/min &> 10 min, 57T B EEFGR
EHEEE, R HPLC B8 SLB ZEAN A4
BEH BB (£ 1. WIESEER, Y56 e

&1 SLBEARENRFMFERBRE (X £s,n=23)
Table 1 Solubility of SLB in different excipients (X £s, n =3)

gl R R I(mg-g )
FALF Tween-20 47.53+0.92
Tween-80 53.53+£0.10
Cremophor EL 41.21+0.15
Cremophor RH 51.00£0.56
L Transcutol HP 149.60+1.35
PEG-400 86.50+0.87
1,2- W 43.29+0.66
HiIAR Capryol 90 5.29+0.06
Labrafil M 1944 CS 1.46+0.19
IR —
IPM —
IR 2.1 —

— R BEARAGIN 3]

—indicates that solubility is not detected
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KA Capryol 90 Al Labrafil M 1944 CS, LA
Transcutol HP f1 PEG-400. A~ [FIFLALF%F SLB HI¥%
AT ZE AN, W — 20 th FLA R RE i E
2.3 FLATBTEIE
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RE AN LA Ko IREE), B2
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E 37 CHIWZEKH, 100 rmin Bi ke, Mg 4
FhFALFIRIFAEE /1 (£ 2), B W, Cremophor RH ff]
AR S BT, RtiEFE Cremophor RH LA
24 h=sctEER%T

WAMF GBI FATZ Ky 1:2~4 11 RS
o, FSmATE L 9~9 1 RiRiES). Bl1giRE
YIZE 100 r/min fJ45HE T 70 8T 100 mL n#kE
37 CHIMZEKH, e 3% AT BRI IH T2 1R W 6 AL
TR R RE TR R 32 W B L i s L
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0 0.3 0.6 0.9
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0
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0.75 L — 03
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x2 TRFAMFENER
Table 2 Emulsifying ability of different emulsifiers

TR 58 & FLAEGT R EE
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1:9 2.8 3:7 4.6
Tween-20 B ZEE ARt ARt
Tween-80 EiH EiH AAd AAaa
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BIZE Rnr L, FUALXIEOR /Ny a>b>c>d. [tk
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Fig. 1 Pseudo-ternary phase diagram of blank SMEDDS
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#3 WFEMEITSTEAEE (X £s,n=3)
Table 3 Composition and equilibrium solubility of SMEDDS formulations (X £s, n = 3)

407  Capryol 90/%  Cremophor RH/% Transcutol HP/% Km MWH-REIAMS  PEEARE(mgg)
F1 10 45.00 45.00 1:1 1:9 80.51+1.28
F2 20 40.00 40.00 1:1 2.8 54.49+1.53
F3 30 35.00 35.00 1:1 3:7 51.74+0.81
F4 10 60.00 30.00 2:1 1:9 71.11+2.01
F5 20 53.33 26.67 2:1 2:8 62.25+0.98
F6 30 46.67 23.33 2:1 3.7 40.67+£0.56
F7 40 30.00 30.00 2.1 4.6 32.95+0.94
F8 10 67.50 22.50 3:1 1:9 66.92+0.35
F9 20 60.00 20.00 3:1 2:8 57.21+0.53
F10 30 52.50 17.50 3:1 3.7 39.42+1.33
F11 40 45.00 15.00 3:1 4.6 32.58+1.30

SLB, #f#sc4)E, BIf$ SLB-SMEDDS. ¥ 0.5 g
WT7IMANE] 50 mL F#E 37 CHIMZEKH, %
“2.4.2” TR J7300 58 #FHIFR R o
252 VRAHFEFRIINE  EFERBESE, AP
FeAd T WO AR A W LR A
M 3. 2t 2. AT D RAYKKE
ASCIN 5 43 B T Y 4% e 2 oy B g $ (PDD); 7E
3B 5+ 15 min (MR5. MR15) B BUR: 1 mL it 0.22
um JEME, SRIBMAMRRE E A, HPLC MlE & &.
253 ERHTIE (AHP) VERERITE 54551
FIJT BT B ARRREIN e S R ILER 4, IR
M) 9 LA T IR PR SR BB, 5 7 AN FRAR e
5 MNEIR, FEIUE & TR bR B SR -1 v i
(X1) =MR5 (Xp) >HifE (X3) >MR15 (Xg) >%
BN E] (Xs) >PDI (Xe) =4 (X7), FyEERist
b B I BIAR S B (3% 5) . iR 2R 5 R4 R,
AHP (£ 1T AT B SR E RENLE 5, —8k
EL@l A7 (CR) =0.0118<<0.10, BPFEhRl oG L
FIWTRE B B R — B, AU R A AL
FFebRig T HI AL PR R =
Xl F KPR RS s kidE = (100—X3)/100, FCiZl
STERAERREN 05 43 BN 8] = (B K20 B 18] — Xs)/
B R AT HLES [8]; MR5=Xo/5 K MR5. MR15=X4/
K MR15, ZEAATEBTEIRER 05 SM =X/
BORANIME . B ARG AT NSRRI —
AE TR IR E R B 8B, AELATTHELES ()
N 3 FE A TT A VR R (R 4), K4 BIR
F8 ML, IHULIER F8 &4kl LLfh SLB-
SMEDDS 4b75 .

2.6 SLBdiafnB#MF (SLB-SSMEDDS) &5 H)
itk

2.6.1 PPIs FhRMiiE Tohb 75% %2, A
s LN 5%I1) PPIs, 4¢3 PPIs HiALTT . ¥
FIRIFRIALTT DL 10 100 20 BT W E 37 CHY
FaSSGF. FaSSIF-V2 &1, 100 r/min fi /184, A
A1) ASHORE 2 omL, 0.22 um FAFLIEE IS, SRuE
FH PSR B B A% %, HPLC HEREAGI, Graphpad
prism 6 HPFLxil I [a]- B M2k, BhRIETHE R E
WP -FF TE] Bl 28 R THIAR CAUC), 455 LR 2 A 3.
5 IR, f£ FaSSGF & &+, TN AR PPIs /5,
%4 AUC HHE:T SMEDDS #H34 S35, e
FaSSIF-V2 fk &, {A 5 Ff PPIs Zn4lldiEH,
KRR, PPIs FIHI R AR . HPMC-AS
MF DA —EZBAEH, HAE FaSSIF-V2 k&
BRI ) R 1) e A T R B e =y T FaSSGF & &
i Soloplus 4+ I o BRI E,  H 25 RE 20 ok
FLIB T2 T W v e T v st ] LGB G E B R P2 AR T
VE, B, % HPMC-AS MF il 54 .

26.2 WHEZEEYS PPIs HEMM 4T AR
B (75%- 90%), 7 HIMAA[F &1 HPMC-
AS MF (2%, 5%. 10%), ffil& & PPIs HFLALTT,
VL £ IR TT 4% “2.5.17 THRAE . 455 WA 4. 5.
HHE 4 A7 51, 7E 75%#Z & ~, FaSSGF A& H,
HPMC-AS MF 3 IR & FEAGMEIEH, AUC
(IR /N 5% H & > 10%H & > 2% H & ; FaSSIF-V2
KRR, HPMC-AS MF 3 M & ¥R WGt -
A, Hodt AUC B/ N 2% B > 5% 11 & > 10%)H]
B, MiE 5 A%, £ 90%#ZhE N, FaSSGF 1k &
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F4 LFBRERLTES (X £s,n=73)
Table 4 Physical characteristics and scores of SMEDDS formulations (X xs, n = 3)
. e v o LRI %

45 WiE/%  CFRASIm SN TE)s S VRS VRS PDI Y
F1 0 12.84+1.29 16.33+ 0.58 B — — 0.181+£0.043 1.72
50 — 13.67+ 153 & 60.36+ 7.78 18.511+4.92 —

90 — 1433+ 058  ¥iE 36.60+ 3.77 11.48+1.86 —

F2 0 27.06+1.68 13.67+ 1.15 2 — — 0.636+0.037 1.89

50 34.56+3.28 17.00£ 1.00 2 7854+ 551 4549+3.19 0.501£0.017
90 59.49+1.06 18.00+ 200 #iHf 6584+ 7.89 21.77+0.84 0.472+0.004
F3 0 19.80+1.01 39.33+ 321 ¥t — — 0.143+0.035 1.84
50 25.94+0.49 15.33+ 0.58 Z 8258+ 0.55 48.33+£3.26 0.290£0.023
90 59.51+4.82 16.33£ 3.21 SR 38.64+ 231 2236+295 0.371£0.058
F4 0 11.24+0.43 26.33+ 351 BE — — 0.105+0.034 2.00
50 18.314+2.37 1831+ 237 A 82.85+ 1.46 50.04+3.29 0.19940.042
90 — 25.67£ 1.15 BiE 56.90+ 2.23 21.75%3.52 —
F5 0 26.13+3.22 21.33+ 351 Z — — 0.850+0.001 1.68
50 52.67+1.71 2367+ 231 #Afs 8168+ 3.87 46.95+6.69 0.587+0.031
90 — 21.00+ 361 A 5995+ 546 21.4940.96 —
F6 0 58.89+4.57 100.001+10.44 Eat — — 0.958+£0.072 1.65
50 48.86+1.02 46.00+ 4.00 #EAf  89.75+ 0.97 84.21+218 0.49010.004
90 57.55+3.57 46.33+ 5.13 HAaE 73.07% 496 38.21+1.43 0.457%0.012
F7 0 24.61+042 188.00+ 3.00 =W — — 0.197+0.006 1.73
50 27.76 £0.14 57.00+ 3.61 2 7657+ 131 7296+£191 0.190%0.007
90 33.21+2.85 36.33+ 2.08 ¥t 7480% 267 50.724+3.28 0.296+0.015
F8 0 1158+0.72 1867+ 231  #HiE — — 0.145+0.060 2.05
50 14.4440.40 2200+ 265 HH 81.75+ 0.61 75494193 0.271+0.031
90 — 17.67+ 252 VRl 68.46+ 194 31.01£1.25 —
F9 0 26.79+2.05 7533+ 6.11  Z#OE — — 0.796+0.120 1.85
50 41441274 42,00+ 2.65 WAt 83.03+ 0.79 63.69+6.07 0.620%0.036
90 50.08+7.80 2367+ 6.35 WA 6766+ 355 24.95+256 0.486+0.099
F10 0 87.50+2.34 163.33% 6.11 HEat — — 1.000+0.000 1.48
50 56.23+1.48 86.33+ 2.08 WA 8470+ 1.62 79.444+0.95 0.465+0.015
90 67.41+1.73 97.00+ 265 #iHfL  7256+11.21 43.15+6.15 0.426+0.032
0 24374029 2356743753 ZEt — — 0.316+0.015 1.64
F11 50 24.40+£0.22 104.67% 551 2 87.78+ 183 81.41+098 0.216+0.009
90 2761+1.69 105004+ 3.00 =¥ 77.68+f 2.84 65.86+0.89 0.37040.033
— RN ZHETE N E
—indicates that index is not detected
x5 IERRAT ELERN LS FI B AR P
Table 5 Priority judgment matrix for paired comparison of indicators
B EFEIR T Fits 43 HU [ MR5 MR15 PDI S B
ey 195 1 2 4 1 3 5 5 0.285 3
HEAE 112 1 2 112 2 3 3 0.1575
3B [A] 1/4 112 1 1/4 1 1 1 0.0705
MR5 1 2 4 1 3 4 5 0.276 1
MR15 1/3 12 1 1/3 1 2 2 0.093 6
PDI 1/5 1/3 1 1/4 1/2 1 2 0.0655
A 1/5 1/3 1 1/5 1/2 1/2 1 0.0516
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- SMEDDS Poloxamer 188 *x
& = PVP K30 Eudrgit L 100-55 ek
R -+ PVP K17 HPMC-AS MF 4 kx
\ -+ Soluplus HPMC K4M .
AN ~ HP-B-CD HPMC e
) ®- HPMC HP-B-CD .
\ . 5 & HPMC K4M Soluplus 8 exx
— -4 HPMC-AS MF PVP K17 o
- Eudrgit L 100-55 PVP K30 el
0+ T T T 1 -~ Poloxamer 188 SMEDDS .

0 30 60 90 120 0 10 2IO 30 4(I)
AUC g-~120 min/(Min‘mg-mL™)

SLB/(ug'-mL™)

5 SMEDDS #4i[t#%: “P<0.01 "P<0.001, T
"P<0.01 ™P <0.001vs SMEDDS group, same as below
2 FaSSGF A&7 [E] PPIs By SLB it {EFNRT/E]- 3R E Hi%k & AUC
Fig. 2 SLB concentration versus time profile and AUC values of different polymers in FaSSGF

500+ -»- SMEDDS
= PVP K30 Poloxamer 188
4004 ] Eudrgit L 100-55 a
E ) : : :le }f” HPMC-AS MF .
B 300 HRE— Oluptus HPMC K4M
ks [+ - HP-3-CD HPMC B xrk
% 200 , W - HPMC HP-B-CD
» [V ¥ -+ HPMC K4M Soluplus — xx
100 \ -A- HPMC-AS MF PVP K17 ox
- Eudrgit L 100-55 PVP K30 el
0 T : ' , - Poloxamer 188 SMEDDS : , . ,
0 30 60 ) 120 0 10 20 30 40 50
t/min AUC o120 min/(Min-mg-mL 1)
[E 3 FaSSIF-V2 A& FA[E PPIs #9 SLB id i Aned 8-k & sk & AUC
Fig. 3 SLB concentration versus time profile and AUC values of different polymers in FaSSIF-V2
5007 -~ SMEDDS
A -& 29 HPMC-AS MF e
4007 -+ 5% HPMC-AS MF 10% HPMC-AS MF
T - 10% HPMC-AS MF
g 5% HPMC-AS MF ook
2
@ 2% HPMC-AS MF - *
w
SMEDDS
0 T T T 1 r T
0 30 60 90 120 0 5 lo 15 20
t/min AUC o120 min/(mMin-mg-mL™)
B 5001
10% HPMC-AS MF {
400
5 5% HPMC-AS MF ook
300
& -~ SMEDDS
% 200 2% HPMC-ASMF 296 HPMC-AS MF *oxk
r -+ 5% HPMC-AS MF
100+ -+ 10% HPMC-AS MF SMEDDS
0 ‘ ' ' , 0 10 20 30 4 50
0 30 60 90 120
t/min AUC o120 min/(Min-mg-mL™1)

B 4 FaSSGF (A). FaSSIF-V2 (B) A& 75%#Z5E /) SLB T i Fnatie)- iR Erhik & AUC
Fig. 4 SLB concentration versus time profile and AUC values of 75% drug loading in FaSSGF (A) and FaSSIF-V2 (B)

1, HPMC-AS MF =R WHIEIER, AUCH)  HEHZEIHEMIME, HEOK, 1568 860,
KANK 2% E>5%HE>10%HE, A 2%HE  AUC I K/NA 10%F] & >5%H & >2%H&. 7E
5% R A 25, FaSSIF-V2 k&, fifE  FaSSIF-V2 ik &, 75%# & . 2% HPMC-AS MF
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A 500 -~ SMEDDS . -
100 8204 HPMC-AS MF 10% HPMC-AS MF
O -+ 505 HPMC-AS MF
g = 10% HPMC-AS MF 5% HPMC-AS MF
=
; 296 HPMC-AS MF — «
SMEDDS
04 ; . ; , ; - - . )
0 30 60 90 120 0 5 10 15 20
t/min AUC o120 min/(Min-mg-mL?)
- SMEDDS
B 600 - 2% HPMC-AS MF
500 -+ 5% HPMC-AS MF 10% HPMC-AS MF .
N - 10% HPMC-AS MF
£ 5% HPMC-AS MF o
E!
; 29 HPMC-AS MF | xx
& SMEDDS
0 T T T ! I T T !
0 30 60 90 120 0 20 40 60
t/min AUC ¢-120 min/(Min-mg-mL1)
5 FaSSGF (A). FaSSIF-V2 (B) AZ& 0% Z5ER) SLB T iEFIaTE-7KErhZk & AUC

Fig. 5 SLB concentration versus time profile and AUC values of 90% drug loading in FaSSGF (A) and FaSSIF-V2 (B)

55 90%# 245 & . 10% HPMC-AS MF ## ] AUC #H
ZEA K. HI, A 75%# 25 2% HPMC-AS MF
M ENRALTT .

2.7 SLB-SSMEDDS &4 REVEMN

271 FUALKTE AN 4% “2.5.27 T T 7%
M5 AACKT[R] S S, AR E S 3k, FLALKS
BN (30.67+£4.16) s, ¥R EEIEY—EIIR.
272 WRIMAT % “2.5.27 UK 5EkLAR A
M PDI, BAFEMESE 3K, Ktk (11.67+£0.81)
nm, PDI Jy 0.15+0.04.

273 TAMLERINEE  F “2.5.27 TR J7ikm & FE
i, BUD BT IR L, BRI, N

>@m -

‘ A
10

* s -
= i
G

10 pL 2.0% A ERVAE W, f %% 10 min, FIIELRAIA
GWEZRKSY, HT, EH B THE SLB-
SSMEDDS Wit (B 6). 45 REHMRE a1
TR, FLRZ RITCRE, A,
2.7.4 RAMEHEAEVET  HL0.5 g 25 H SMEDDS.
SSMEDDS, %] 50 mL Hi#% 37 ‘C FaSSGF.
FaSSIF-V2 1, 100 r/min 4 A4k, HiEEE 0B
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Fig. 6 Transmission electron microscopy (A) and in vitro supersaturation-time profile (B) of SLB-SSMEDDS
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