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Abstract: Objective To construct the self-emulsifying drug delivery system (SEDDS) carriers using olive oil and sesame oil as the
oil phase to investigate the pharmacologic properties and delivery differences of two SEDDS carriers to the inflammation injured sitesin
zebrafish. The medicinal usher effect of excipients was preliminaries elucidated, so as to provide experimental reference for the

selection of effective delivery materials for the site of inflammatory injury and the medicinal usher effect of excipients. Methods The
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emulsifier, coemulsifier and Km value were screened by phase transition method and pseudo-ternary phase diagram method. The carrier
prescription of SEDDS was optimized by central composite design-response surface method. The partical size (Dso) and  potential of
two SEDDS carriers were determined by Brookhaven nanosize analyzer. Three-dimensional fluorescence microscopy was used to
observe its delivery difference in inflammatory injury site of zebrafish. Results The emulsifying effect was the best when the oil
phase and Km value of the two SEDDS were 1:1. The best emulsifier and coemulsifier was Tween 80-anhydrous ethanol (2:1), which
was translucent and bluish milky liquid after adding proper amount of pure water. The optimal Dso of self-emulsifying carriers of olive
oil and the sesame oil were (219.36 £ 14.86) nm and (225.06 =+ 13.66) nm, respectively. The  potentials were (—=3.13 + 0.55) mV and
(3.58 £ 0.10) mV, respectively. The total fluorescence intensity of the two SEDDS carriers in the inflammatory zebrafish was stronger
than that in the normal group (P <0.001). Compared with the olive oil self-emulsifying, the enrichment effect of the sesame oil SEDDS
was more prominent in the injured site of inflammation. They were mainly distributed in the heart and liver. Conclusion The
preparation methods of the two SEDDS carriers were simple and good in appearance. The difference in delivery caused by oil phase
factors can provide material selection for effective delivery to different inflammatory injury sites, which provide experimental reference
for excipients to play the role of medicinal usher.

Key words: medicinal usher; inflammation damages; zebrafish; self-emulsifying delivery system; delivery effect; olive oil; sesame

oil; oil phase; pharmaceutical properties; phase transition method; pseudo-ternary phase diagram; central composite design-response

surface method
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Fig.1 Pseudo-ternary phase diagrams of different emulsifiers
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Fig. 2 Pseudo-ternary phase diagrams of different co-emulsifiers
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Fig. 3 Pseudo-ternary phase diagrams of different Km values
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Table 1 CCD-RSM experimental design and results of OO@SEDDS (X s, n=3)
wms X% X Dsynm  [IRES Xi/% X Dsynm RIS X% X Dso/nm
1 80.0(+1) 3.0 (+1) 904.56+2.77 6 50.0(0) 0.6(-1.414) 369.83+2.69 11 50.0(0) 2.0(0) 167.50+2.15
2 92.0(+1.414) 2.0(0) 967211447 7 50.0(0) 3.4(+1.414) 333.15%+6.11 12 50.0(0) 2.0(0) 304.23%2.78
3 50.0(0) 2.0(0) 157.51%+6.81 8 20.0(-1)3.0(+]) 286.80+12.50 13  80.0 (+1) 1.0 (=1) 494.98 +8.76
4 7.5(—1.414) 2.0 (0) 340.571+9.24 9 20.0(-1) L.O(-1) 311.45+£4.17
5 50.0(0) 2.0(0) 230.43%+2.91 10 50.0(0) 2.0(0) 23291+1.22
%2 SO@SEDDS i CCD-RSM LIt 54 R (X+s,n=3)
Table 2 CCD-RSM experimental design and results of SO@SEDDS (X £ s, n=3)
HES  X/% X2 Dso/nm  |ik4e 5 X1/% Xa Dsonm  |iRES  Xi/% Xa Dso/nm
1 80.0(+1) 3.0 (+1) 477.99+8.25 50.0 (0) 2.0(0) 238.03+1.87 11 20.0(-1) 1.0(-1) 221271483
50.0 (0) 2.0 (0) 262.17+£4.65] 12  80.0 (+1) 1.0 (-1) 421.74+7.98

2
3 50.0(0) 2.0(0) 210.07+ 1.40
4 200(1)3.0@E])  187.47£133
5 50.0(0) 2.0(0) 215.12+3.14] 10

6
50.0 (0) 0.6 (~1.414) 326.89+7.60] 7
8
9

50.0 (0)

92.0 (+1.414) 2.0 (0) 632.10+8.56] 13
7.5 (~1.414) 2.0 (0) 206.73£6.53

50.0 (0) 3.4 (+1.414) 148.16+2.73

2.0 (0) 163.07+6.47
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Fig. 5 Three-dimensional effect surface of particle size
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Table 3 Measured and predicted values of Dso by Design-
Expert 8.0.6 (Xts,n=3)
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FE i — -
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OO@SEDDS  215.445.37 217.6 1.01
SO@SEDDS  213.5%2.00 217.3 1.75
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f§F DLS 23 #3705 2 # SEDDS 45 pH

HoN 7.4 1) PBS FIEH 10%[A84F & B REE
0. 2. 4. 6. 8. 12. 24hJ5, MMl 2 F# SEDDS K
PR/ ¢ AL AR S5 RUERT 2 Ff SEDDS &
pH i~ 7.4 1) PBS F 10%54- L& VAT 24 h
WNEA RIFMARE T, R EANEH T #KES .
ZERNE 4. 5 R
x4 2MBANEERZEN PBSIREM (X£s,n=3)
Table 4 PBS stability of two SEDDS (X £ s, n=3)
OO@SEDDS SO@SEDDS
¢ A/ mV ¢ HA7/mV
-2.89+1.39 221.23+4.97 2.96+0.75
—0.77£2.35 212.924+10.65 1.95+0.75
—3.01+1.60 223.71£6.29 4.54+1.46
—3.414+0.22 228.01%£8.89 2.31%+0.99

—2.124+1.28 210.00£11.59 2.98+1.02
2.02+1.16

t/h
Dso/nm Dso/nm

0 230.56+15.91
2 259.57+21.36
4 267.161+2.19
6 231.08+6.82

8 232.68+2.80
12 256.01+16.76 —4.65+2.29 230.261+1.21
24 245374+10.67 4.14+133 212.23+£7.90 3.081+0.86

R5 2HBEAMBEERRFEN 10%IMBREMN (X+s,n=3)
Table S 10% Serum stability of two SEDDS (X% s, n=23)

SO@SEDDS

¢ B /mvV
0.71£1.27
1.22+0.69

OO@SEDDS

Dso/nm ¢ B A7/mV

0 288.19£14.29 —3.994+2.29 273.62%11.51
2 275.32+£22.35 —-5.15+2.14 279.52£8.77
4 282.65£20.20 —2.42+2.37 265.19+11.76 3.821+1.40
-0.29+147 26727£1.18 —-1.43%2.14

—2.89+0.99 270.87+£18.20 2.08+3.03
—2.01£2.60

t/h
Dso/nm

6 288.2016.01
8 294.42+6.28
12 290.87+14.73 —1.75+£2.25 279.68 £4.82
24 305.04£12.42 —2.56+1.52 276.22+10.44 —3.59+0.56
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ST 200 1.0. 0.5 mg/mL f] OO@SEDDS.
SO@SEDDS, JE:§55I&E A 3 nL. [FIN & x4,
95 T HRAFAR) PBS, fNH S 30 B %)
Mo RS ) RN BE TR LR R, RSk
A 2 mL JRfiE7K. #%27E 28 CF 24 h WIRAEIEIR
A, WMET L, BIESEMTSEERA, #illiK
Jibr . BTN SE . ERER, SXIRAAE,
f£0.5. 1.0mg/mL ¥ F 24h 5, MO ELFRE,
MR IER, W 2 F SEDDS X5t 5 3% 45 W &1
F MO, G AE 2.0 mg/mL K, OO@SEDDS .
SO@SEDDS HIET #4514 76.67%H 86.67%, 5
SHRA LR B BEEER (P<0.05), FEEEHS
3O R . WA 55 M & . R WIX 2 F SEDDS
FEICT 1.0 mg/mL i SR FE T X B B 8 JF K 1 i
S8, BohEs, SR WE 6.
2.15 RIEWBIAHIZ

SH S B E SR 2 M (lipopolysaccharide, LPS,
0.5mg/mL) 2nL, &8 12h, FJFH=FFE BT RREE
&, AESLAARTOG MBS EE R IR, Byt
HEAEARD . o F . O IR 4,
VLI LPS FIT 848 1 B 0 ) PR A R A 2 1 T, ]
8 Fre

%6 27 SEDDS MWL &EHFM (X+s,n=30)

Table 6 Toxicity of two kinds of SEDDS to zebrafish (X %+ s,
n=3)

5 JR B /(mg-mL ) TG 1%
pagit - 100.000.00
OO@SEDDS 0.5 100.000.00

1.0 96.60+£4.71
2.0 76.70+£4.71"
SO@SEDDS 0.5 100.000.00
1.0 100.000.00
2.0 86.70+£4.71"
x4 "P<0.05
*P < 0.05 vs control group
& W o« —
200_prn
LPS #JEH X HEZH
8 LPS RAELAFNT FRADED & L IR B REUL R

Fig. 8

inflammatory group and control group of zebrafish larva

Comparison of phenotypes between LPS

model

2.16 WDEMNERNENSH

B &R YR 5 &K 6 1 OO@SEDDS 1 SO@
SEDDS 43l iof 2 i ik 49 21 1E % A LPS B4 E
ROk, f4 10 R. B2, Batars=—F
BRI f , TECEAE SRR RE AL, A FH AR O A
BiTE 0.5, 1.01 3.0. 6.0. 12.0. 24.0 h 34T A5 K
., B EIR, 2 Fh SEDDS 7E & kit 5 5 &6 e i 1
WA ATEDE D 0 4 A3 B, 2 BRI AE N |
O FFAEAGE S REX I, teAh, XM ISR
7%, 2 Fh SEDDS ¥JREXS LPS 5l # 1) 4 RE S0 3L
BT H S EE; 5IEW 4, SO@SEDDS 4 A
BEWZR (P<0.001), OO@SEDDS 4 R A 1E4 2
Lh i, LPS HZOGREM R EA St (P<
0.05), {E45%5 3h J5, LPS AU smfE i Bk, 5
IERHAIEAR—F, ATHES 2 FilAH & LA P
KA K20, SO@SEDDS ZH7E 1E 5 % FE 4H 44 Py
I3 A /0T OO@SEDDS 4. 45 B L& 9 Flg 7.
3 e

il B G R A B AL R #E (ciclosporin
soft capsules) L) F 172 SEDDS K& H kR &
PESEAFR), [, SEDDS tHAZ b 2524572 TR
ATERL . Horp, JmAH{ENY SEDDS Hh i F [
A, BARBAFIER. EHEEIR Y. Rz
MIARIE S A0 s Y, 3070 T AR 2 N AR D6 25
WRME TR, EEEERE, HRAF MG
FHALME R R E, A3 B sy —5125”
TERI “25%06—" MMM ARAT 217873 A 52

PN S oI55 R GO B GLFIAG AT A 1 R B2 R,
WREA KR BIfRIR, F oA S, X
WA R B DhREE i F, FHORoR ISk KRGt
TR R, SRS e N, E0TK
F I 85% 5 NAHAR), RIS fmRia4mEA 5
P B RR i, AT DU FH SRR N 7 B e H
PR EER, JCH AP fa RS, 75 R ol
DA Bt 00 485 30 B2 A& R, BRIk, 7EAF
T RGO AT A BERALY, HAk, Y
R R R E R, AT IR, BxE
WA Ik B 4 55 5 N SR AL ) 2 4t P S L A
TEAS, BT 12 B T SORE R AL 2s-200,

IR LA, SO@SEDDS HI#E Kt
TR R ECT OO@SEDDS, W REAEIEH TSN T,
SO@SEDDS #1434 o] G = BLAE M s SORER 1%
J& 2 # SEDDS & 2 65 L34 365, K B 2 Ff SEDDS
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LPS S

9 2% SEDDS XD &KL
Fig. 9 Biological distribution of two kinds of SEDDS in zebrafish larvae

& 7 2 #h SEDDS WD EMFTHNEIERE (X5,
n=>5)
Table 7 Total fluorescence intensity of two kinds of SEDDS

in zebrafish larvae (X £ s, n=15)

OO@SEDDS
STHEZL LPS #Edl W4l LPS #yEd
0.5 10.78£2.90 15474221 3.13+1.29 14.19+2.48™
1.0 9.76+4.10 17.294+3.29* 591+233 15.19+3.42""
3.0 1221+4.78 14.68+4.62 3.47+135 14.76+£2.99"
6.0 8.64+354 8641246 4071142 11.94+3.95™
120 7224242 7.68+1.66 2.92+1.77 10.27+4.06"
240 4.81+122 3544071 1.36+0.89 4.51+1.54™
x4t *P<0.05 *P<0.01 **P<0.001
"P<0.05 "P<0.01 *"P<0.001 vs control group
BIRext LPS gl # i R AEHA A AT B 2w 4, W]
e HH T LPS 05| B gm M i g hn, & TRl
TR AR N B A
AR, H T SR AL 20 B HE B A I 3 4 2R
HFE S, SEDDS 7E 2 0E #RA F AT 1Y 5 FR172 12 AT
FEYEH , Re g idt /) An T SEELHE [F) 224 . SO@SEDDS
HIEH AW ) A A REEEER (P<
0.001), OO@SEDDS - A 1h A EEEZESR,

SO@SEDDS
t/h

X T B SO@SEDDS H3& B T 4 2454 84K,

2 Rl AR B B 22 AT R AT P AR A ZE R

BRE . FIN, AXEIGE, -3 A MIETR
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