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Preparation of silybin self-nanomicroemulsion containing functional oil and its
in vitro evaluation
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Abstract: Objective In order to improve the bioavailability of the insoluble drug silybin, silybin supersaturated self-
nanoemulsifying drug delivery systems (SLB-S-SNEDDS) containing functional oil were prepared, its characterization and in vitro
evaluation were also performed. Methods Functional oils were screened by performing potassium ferrohydride reduction and 1,1-
diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging experiments. The pseudo-ternary phase diagram was drawn to investigate
the emulsifying ability of emulsifier. The proportion of mixed oil phase and drug loading capacity were explored by analyzing
particle size, polydispersity index (PDI), zeta potential, etc. The type and concentration of supersaturated substance in
SLB-S-SNEDDS were obtained by conducting the compatibility and dissolution experiments. SLB-S-SNEDDS was characterized
with appearance, particle size distribution, self-emulsification efficiency, and morphology, and its in vitro dissolution, antioxidant
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capacity, and cytotoxicity were also evaluated. Results The prescriptions of SLB-S-SNEDDS were as follows: (1) wheatgerm
oil/Capryol 90- Cremophor ELP-Transcutol HP; (2) seabuckthorn seed oil/Capryol 90-Cremophor ELP-Transcutol HP. One g
S-SNEDDS matrix contained 0.043 g of wheatgerm oil or sea-buckthorn seed oil, 0.387 g of Capryol 90, 0.380 g of Cremophor ELP,
and 0.190 g of Transcutol HP. The adding amount of silybin in S-SNEDDS prescription was 20% of the sum of the equilibrium
solubility of silybin in each component, and the adding amount of Soluplus was 0.1% of the total mass described above. The two
obtained SLB-S-SNEDDS were transparent homogeneous liquid with light yellow (wheat germ oil) and bright yellow (seabuckthorn
seed oil) color, respectively. After being dispersed, SLB-S-SNEDDS turned into subspherical white flat emulsion droplets with the
particle size of about 50 nm, and the emulsification time was 65 s. Compared with raw materials and SLB-SNEDDS, the cumulative
dissolution of silybin in SLB-S-SNEDDS was maintained between 85% and 110% within 8 h, indicating that the two systems can
significantly improve the dissolution of silybin. The absorbance of SLB-S-SNEDDS after reaction with potassium ferricyanide
(0.452—0.782, 0.488—0.765) and the DPPH free radical clearance of SLB-S-SNEDDS (39.09%—96.02%, 30.54%—89.20%) were
all higher than those of raw silybin (0.411—0.760, 22.89%—63.21%), which suggested that the two systems can enhance the
antioxidant capacity of silybin. Cytotoxicity test results showed that the cell survival rate in silybin raw material group, combination
of silybin and S-SNEDDS group, and blank S-SNEDDS group were greater than 90% at 5 pmol/L and 10 pmol/L drug
concentration, indicating that SLB-S-SNEDDS and its auxiliary materials were safe and less toxic to human cloned colorectal
adenocarcinoma cell line (Caco-2). Conclusion The SLB-S-SNEDDS containing functional oil prepared in this paper can not only
increase the cumulative dissolution of silybin, but also enhance its antioxidant capacity, which provides a useful reference for
supersaturated self-nanoemulsifying drug delivery systems (S-SNEDDS) to improve the water-solubility and bioactivity of insoluble
drugs.

Key words: silybin; supersaturated self-nanoemulsifying drug delivery systems; functional oil; in vitro evaluation; Soluplus;
cumulative dissolution; antioxidant; natural oil; bioavailability; DPPH; pseudo-ternary phase diagram; cytotoxicity; wheatgerm oil;
seabuckthorn seed oil; Caco-2cell
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Fig. 1 Determination of potassium ferricyanide reducing
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Fig. 3 Pseudo-ternary phase diagrams of SNEDDS containing wheatgerm oil or seabuckthorn seed oil
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Table 1 Comparison results of blank SNEDDS prescription containing functional oil (X £s, n=3)
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22.17340.445

/NS R 2 /C90-CELP-THP

YOIk iH/C90-CRH40-THP

/INSE R 2E I /C90-CRH40-THP

W NP W NP, NP DN
~N 00O © N 0O © 0o © o©

PDI Zeta UA/mMV  EIGE%  FLAGKTTE)/S
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Fig. 4 Comparison of cumulative dissolution curves of
SLB-SNEDDS and SLB-S-SNEDDS (X s, n=3)
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Zi b, Wi /K CHE]TE S-SNEDDS # 4k HN
(1) /NEWEZEMI/CI0-CELP-THP 1K &A1 (2) ¥k
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1157 VO RFFIh/C90-CELP-THP
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551

25
0
t/h

E 5 Soluplus REKEERLR (Xts,n=23)
Fig. 5 Results of concentration of Soluplus (X + s, n=23)

FFiMI/C90-CELP-THP & &, 1gJ&Jii (f175 0.043 ¢
/INFE WA ZF i B 7D BOFF i . 0.387 g C90. 0.380 g
CELP. 0.190 g THP), 7K W& [N & N %2055
TR RE 2 A 20%, Soluplus R INE N Eik
SRR 0.1%.

2.4 IKKEIE S-SNEDDS R1E

241 ANUMEIR  d%RER “2.37 TR AbJ5 A5 K K

7 S-SNEDDS, MEAMMIEIR, FEFREL 1.25 g 0
% 500 mL #li/K (37 “C) 1, 100 r/min T3 FEH
FHA, FEoaudsE, MRS, 4R
Bl 6. 8RB, /N3 % /C90-CELP-THP-
Soluplus & & ¥ BiCkF 7 /C90-CELP-THP-Soluplus
P 224 B R IAVR B €0, 88 (0E IR — ik, 2
Pk & B FLAG AT B 815 A 1R B L HEE %
B, 8 2h 50 ZI s8R H .

242 KRS AT R EHAAE  BUKCEIE S-
SNEDDS 1.25 ¢, il 500 mL #fi/k (37 C) H,
100 r/min fEIES LA B AL, $IE “2.2.27 TR
I TE S BOALR R4S . Zeta M7, PDIE. HFL
eI EAREE, PR RIS H AL
WA, SR NE 2 FE T,

/N2 IR 2 il /C90-CELP-THP-Soluplus ¥ ik ifli/C90-CELP-THP-Soluplus

B AR
6 7K XEIE S-SNEDDS RISMI IR
Fig. 6 Appearance and characters of SLB-S-SNEDDS

EERIA EE{REAI) BAMLSE

#F* 2 JKKEIR S-SNEDDS K. #HE5BEAMME (X£s,n=23)
Table 2 Particle size and distribution of SLB-S-SNEDDS and its self-emulsifying efficiency (X £ s, n =3)

Qb5 2 AR BifRinm PDI Zeta AA/mV  ENEI%  FUALETE/S
/INFE I 23 /C90-CELP-THP-Soluplus 50.8474+0.483  0.243+0.010 —-9.54740.411 98.4 65
VYK i/C90-CELP-THP HP-Soluplus 49.5074+0.292  0.311+0.008 —13.800+0.755 98.3 65

ZRER, VbR 2 MERS/KEME, BN
PEERE A FLALTE 38 2R L . 1R RRAE4) 50
nm, PDI 7£ 0.3 /47, & FIA/K K] S-SNEDDS
Wb T3 BT TR BRI FLI K /NI 5 MR A g s WL
“Aa0HE N 10 mV ity, K2, {56
HAPKRFLMEDR, e tiilr; B R KT 90%,
HEFAAR AR, o BB B A RCR .
243 JE&EHEE BUK KA SNEDDS FIZK Tk
#] 72 S-SNEDDS i&f&, % 200 fF &gk,
FrE A BGEAR G, WL 20 pL 3 BN E

T AR I R T, IR EARR T, TN 200855 iR
A BRI b, et 15~20 min, M
LR L RBHLRRIER, SR AT, B TEH
MR TSI, 2R WK 8. HEI 8 i LLEH,
/K K #i T SNEDDS A1 S-SNEDDS 73 Bl ki ) S 30
BRI At P30, a5, MEF K
TR T PTVE B R FL s 7K 6] = SNEDDS 14 &
S EE R R RLAZ 2N 50 nm, NN =2 T 6 R
Soluplus J&, &&RDHUEBIFIFLFRAL AR,
5 BB IS 45 R
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/INZZ IR 2§ 31H/C90-CELP-THP-Soluplus

b IBFF i /C90-CELP-THP-Soluplus

1 10 100 -100 0 100
RifRInm Zeta HLfZ/mV
7 JKKETE S-SNEDDS HYHKI1Z 4> # Zeta BRI [E]
Fig. 7 Particle size and Zeta potential diagram of
SLB-S-SNEDDS

A O : : 200 pr
S_4s » K . @ o
/NFZ R 2/C90-CELP-THP-Solupius ¥b#iF711/C90-CELP-THP-Solupius

B8 sk¢&]I SNEDDS 5 S-SNEDDS MiE St s E R &
Fig. 8 TEM photographs of SLB-SNEDDS and SLB-S-
SNEDDS

2.5 JKXKEE S-SNEDDS {F5MAHE

73 BIRREOK & 5= J5k} 7K 6 ] 5 SNEDDS
/KK #]3Z S-SNEDDS & &, #A 150 mL 4K+,
FRURTHIE, e RE N (37.0+0.5) 'C. #i#A4 250
r/min. 23%)F 05, 1. 2. 4. 6. 8 hHUFE 2 mL,
FEFEIT NI 2 mL S0 2 A, KVEERAE, PAT 3
#r, FH 0.22 pm JEREGERL S5, WREX 20 pL, VEANGE
ROBAR IS, eI iR Ak
}:74 Waters Xbridge Cig#t (250 mmX4.6 mm, 5
um); RSIAH A B - 1% VKBS BR /K AW (45 & 55);
R K 287 nm; 4137 30 °C; AR E 1 mL/min.
73 BRI 0] Rt VA VR A R R v N i R A
TR, IOFRIETEAN, $ZAME— ST RS R S
K RET RS, FRFEH BB, il it
2, GERWE 9. ArL, 8h i, K WE] R R

1207 /NS I 3 11/C90-CELP-THP-Soluplus

Y ;‘—ﬂ—*————,‘

90

60

R 2%

~&- 5k}
-&- SNEDDS
—— S-SNEDDS

30

1001 B IR JH1/C90-CELP-THP-Soluplus

.

& &
r 3 x

75+

50

R 2%

251

& 9 JkK¥&[= SNEDDS 5 S-SNEDDS HIRFA L Lk
(Xxs,n=3)

Fig. 9 Cumulative dissolution curves of SLB-SNEDDS and
SLB-S-SNEDDS (X £s,n=3)

B RN 5% A4, R fEK G# 5=
SNEDDS & & /1, 30 min i, 7K K& 5 1) RAE
LAk 90%LL b, {H 2 h 5 FF%, 8 h &=
30%7c A7 MFE/K K& S-SNEDDS #& & H, 7KK
] SEI RAUA HRAE 8 h WELERETE 100% 4 44, 6
RE M. 55, K KHEE SNEDDS H57K &&=
S-SNEDDS 7t &A™ [H] g (1) RARA 2RI a1
KRR, HK K S-SNEDDS 14 R e85
K M 4Efrm B R . DLESE IR, KK
#i] 72 SNEDDS 57K K i S-SNEDDS ¥4 n] 23 7K
RE] RSN H, HK G HE] T S-SNEDDS & £ fig
23R AT . R RRDUE, NiHE s
24 RGUN K BT = AR v, 2
(I EEY R FH 2
2.6 JK¥EIE S-SNEDDS i E L&t

HK A 3 JRURL K /K K B 5 S-SNEDDS £ i
F M8 €217 TR 7 AT Bk E AL AL S5 e SE e
M DPPH B Hi 25 Br SE 46, % &K € &) &
S-SNEDDS [H#tafLaE /1, &R WK 10, 11.

B 10 wI%n, 78 BA/N 32 IR % i /C90-CELP-
THP-Soluplus AL E7K K&l 5 S-SNEDDS 14 5
L KR SRR EVRE N 130, 160, 200, 240,
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08 /NI 2 1/C90-CELP-THP-Soluplus 280 pg/mL B, SEEAERIER A (5N

KR 5 R
| 7K & Hi 5% S-SNEDDS

0.6

E 0.4
0.2
0

|—H

08 YR Ih/C90-CELP-THP-Soluplus
0.6
o4
0.2
0 130 160 200 240 280

JE R B (ug-mLY)

10 K ¥KHIES-SNEDDS $k ST ES (X+s,n=23)
Fig. 10 Potassium ferricyanide reducing power of SLB-S-
SNEDDS (X £s,n=3)

/N JIE 21H/C90-CELP-THP-Soluplus

100 1 w7 e ] 2 SR}
17K & #ij5¢ S-SNEDDS
75
&
3 50
il
) ﬂ
0
100 75 EFF IH1/C90-CELP-THP-Soluplus
75
S
g 50
pil
) ﬂ
0
200 600 1000 1400
R FE  (ug-mLY)
11 7k K& FE S-SNEDDS HJ DPPH BHHEEBRE
(X£s,n=3)
Fig. 11 DPPH free radical scavenging rate of

SLB-S-SNEDDS (X + s, n = 3)

0.452. 0.540. 0.609. 0.693. 0.782, W& T /K &
# T JER (Al %)M 0.411. 0.507. 0.586. 0.678.
0.760), 1t BHIZ M4 R REHE i 7K i) 2256 2R UL A (1)
W R EE 1. [FEL,  DLYD K i /C90-CELP-THP-
Soluplus LRI 7K K & 52 S-SNEDDS 4 % th G 1%
$ K ] TN B F A 18 S R

B 11 "I %1, 7E LL/N 22 8 25 it /C90-CELP-
THP-Soluplus N4 AK€ & 52 S-SNEDDS 14 &
H KRE] BT R B 433 2 200 600, 1 000+ 1 400
pg/mL I, 3o H ARG BR 20 71 39.09%. 82.31%.
90.10%- 96.02%, HJHHE & T/K K =R (HH
FIERRZF I BN 22.89%.41.50%..53.95%.63.21%),
Ui AR R R84 = K BT TR H 2 I R e
1. [RIEE, LAYDRFFIH/C90-CELP-THP-Soluplus
K K # 5 S-SNEDDS 14 &t BEf% 1 55 /K K
i S0 H R RTERRAE ST

BTPLESER, RIZK KA S-SNEDDS REH =
KK E] SRR F AL A IR SR RE S X B BB AT
A7, HEWTA SIS BT i 17K K& 5% S-SNEDDS fig
B K 6 2 ) PUE AR T
2.7 7JKXEIE S-SNEDDS iS4

U B0 K Caco-2 2, R 3 4 it vk 2
8X10*4M/mL, H{ 100 pL #:F0T+ 96 fLiR, BT
e (37 C, 5% COp) K53t 24 h, WFFIHKEFR
W Ar AN 100 puL FK KA E R (A ZHD . K
K#]3E S-SNEDDS (B 4l: /NERZEM; C4l: ¥
BRI XTI [ S-SNEDDS (D: /NEHE
s E 4 YD MREFRE (DMEMD, DLy
0.5% - F K (DMSO) 5% 0.5% K B 7K [ 855 7% 3 K
SR, DAREFRIENSAA, FAE 3 5L. B3R 24
h &, FEIHREFRE, A 120 b & VMR ATAEDY)
(MTS) HJH3:% (MTS-DMEM 1:5), B
HEE 1 h, TR L& 10 min, &4 %E4S
Vifii . FIBEFRCT 490 nm &b &L A M8, i
HAMAEAR, SRIE 12, RER, KEHEIE
S-SNEDDS A HAH M 175 1 S-SNEDDS 7E /K & i 52
JREWE N 5. 10 pmol/L I, H4uMAdfE R >
90%, FKHIFEILFEKE T, /K KHE]% S-SNEDDS
K fi ARG Caco-2 Sl d i/ . B 4.

MMAETER=(A 2—A 20)/(A w—A 1)
3 g

ITAESK, SNEDDS #4772 i T4 mE i 1t 254
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Fig. 12 Cytotoxicity of SLB-S-SNEDDS (X £ s, n = 3)

VERREE, (AHMEARZL: BMALKANLEE
JaiB R G, I AYICIE IR S RE A B, M
AN 2 25 f DTTE, FEma 2RI 04, ST
B 1L 25 AN e 4, A£G 1) SNEDDS 4k J7 th 437
KB RR ISR, AEf1ex 85 E iy~
HNS), KWIRA 5 SEE B EE; mifetimmy
JR AT Lhid B B 40 AR A AR 25T fmad R, A
K259 /5 it (B8, — e fR R LRk T 1 4
SNEDDS (1) 2T f 1] #0556 e i 7 i a1
A5 Soluplus i £ 7K & & %< S-SNEDDS, 7K &
il ¢ SNEDDS AH LG, BE®E 0 1150 ik 22 (0 3R T Vs
A, NRERE TR EREHE, ARRIE T
KR YR 2

Soluplus & —Fh s PE IR B T B IL R Pk ik
MEL BAA#E. FRfe. SEEER, AME
Rt XA T B S KT, B RIERER
E IR G IR LR =S 29 R RE, IE v R N2
PIah A S AR AR S 75 DA SR BB IR  #ik . 3 hE
W9 R7R, Soluplus FIEA H AL 25 RGN ik
PR, REmE IR S SR (andEiE DR
fi e 2R 9 [ BRAVAE %, X5 Soluplus 4312
HERR 2SR, WS4 RREIE 85
FRVERE, N T 2G4 R TS AL RE RS, T
BRANHI AR A KIS REA K. REFTEh,
Soluplus AT g5 7K & 5 b K FR 2 8 A BT A
AN 7 HAT SRR, 7E/K KA S-SNEDDS H
JE I R AF AR AN B

JHAH 2 S-SNEDDS &b 5 (1) 55 EL2H 5l 7, 10
P RENE VA AT K P 299 S A AR T4 (200
SR AR TR VR A AR A PE 25 KR &R, oL
TR FR-FE RS (WA EZEVERY) AL

Fo WARALIL R R EMRVEDRIER . B aER

BF T AR I 1 7L A 3 24 2R 8 AR D AR ek 1) 2 2

AN LR, R ISR 22 2 YE [ BOR,
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AR D RE s DA ESRBIL T v 2 0 R
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