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Abstract: Objective To optimize the formulation of 1,8-cineole self-microemulsifying drug delivery system (1,8-Cin-SMEDDS),
characterize it and investigate its cell uptake. Methods By drawing pseudo-ternary phase diagram, the effective self-emulsifying
region of 1,8-Cin-SMEDDS was determined, and the preliminary prescription was screened. Taking the particle size and drug loading
as the index, the central composite design-response surface method was used to optimize and verify the prescription. Fluorescence
microscope was used to observe the uptake of human umbilical vein endothelial cells (HUVEC) injured by high glucose. Results The
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results showed that the best prescription of 1,8-Cin-SMEDDS was a mixture of soybean oil (7.5%) and 1,8-Cin (22.5%), HS15 (56%)
as emulsifier, ethanol (14%) as co-emulsifier, and dripping pure water to 8 mL to obtain a translucent slightly bluish emulsion. The
appearance of spherical droplets was observed by transmission electron microscope, and the average particle size and Zeta potential
measured by laser particle size Zeta tester was (131.68 +1.44) nm and (—10.03 +1.63) mV, respectively; The entrapment efficiency
estimated by HPLC was (99.890 £0.012)%, and the drug loading was (224.750 +0.028) mg/g. The results of HUVEC cell uptake assay
showed that the uptake of 1,8-Cin-SMEDDS by cells was higher than that of free 1,8-Cin. Conclusion The preparation method of
1,8-Cin-SMEDDS is simple and reproducible. The obtained method has good appearance, high entrapment efficiency, stable physical,
and chemical properties, which can also promote cell uptake.

Key words:1,8-cineole; self-microemulsion; pseudo ternary phase diagram; central composite design-response surface method; cell

uptake; human umbilical vein endothelial cells
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Fig. 2 Pseudo ternary phase diagrams with different ratios of 1,8-Cin to LCT
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Table 1 Experimental factor level and result of central
composite design

Fe5 0 X% X2 SEXRARNmM R/ (mg-g )
1 1586(-1) 3.29(-1) 30.06 116.67
2 1586(-1) 471(+1) 27.63 117.17
3 4414 (+1) 3.29(-1) 353.30 330.51
4 4414(+1) 471(+1)  118.93 330.49
5 10 (~1.414) 4 (0) 15.77 7451
6 50 (+1.414) 4 (0) 81.38 224.15
7 30(0) 3(-1.414) 341.54 224.50
8 30(0)  5(+L414)  114.30 224.72
9 300  4(0) 130.01 224.76
10 300  4(0) 13151 224.72
11 300)  4(0) 137.94 224.79
12 30(0) 40 133.40 224.75
13 3000  4(0) 133.83 224.73

2.3.7 RN MAER R R e R, R
B K B3GR H I — N S is/)s Ja 36 AR Ak
R HMABRANZ Kn BRI . Y K [H—E B,
b A o = o O, KA SR KRR,
T KSE N, AR BN K XTRIR 5
MR, BRAGRAZ A 5 ELRE M . 2R A RiAR R
B2 2 NMEkR, iEid Design Expert 8.0.6 &A1 15
Moyt Thae, RIEUE 7R H =4EN T K2R &
AT, DARIARFIE S &K/ NS B S s, 152
FRG Fe A 4b 77 A 30%, Km=4: 1. LCT 7.5%.
1,8-Cin 22.5%. HS1556%. /.BF 14%. —4ER0NI0
2RI 6.

238 T7EE M EMMATT, K RE
LCT0.075 g, 1,8-Cin 0.225 g, HS15 0.56 g, £.F# 0.14
g. WRBEVRZS], FEIRFEIRA TIERMA 8 mL 4K,
752432 BH A 2 LR R 1,8-Cin-SMEDDS. il
1B -5 SMME s 22 25 R B, B AR T T35 R AR A2,
AENESESWMIME A REES, Highm
FRIRHRT R 22 LAH R 1R 22 = (TN — SR ) At ]
BN o B ASIZIG BT L FH ) B R v - RS T P
PG TR RAF . W3R 2.

2.4 18-Cin BFLHREIFM

2.4.1 1,8-Cin-SMEDDS T4 Kl b5 1l 4% 1)
1,8-Cin-SMEDDS H/K#ift 100 )5, hnid &7
TS L, 2068 ER AT (pH 7.4) 1t
10 min, HAET, TEHBERNEIILE. 4
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Fig. 6 Three-dimensional response surface of particle size
and drug loading
%<2 Design Expert 8.0.6 FUlR {2 FE 25 £ SLNHE S0
& (n=3)
Table 2 particle size and drug loading measured and
predicted by Design Expert 8.0.6 (n = 3)

E{E SCME WOME R ZE%
HiAZEInm 133.83  133.34 -0.37
131.51 1.37
130.01 2.56
R R (mgg?) 22472 21281 ~5.59
224.79 -5.63
224.75 -5.61

BEIR, 1,8-Cin-SMEDDS £ /KRR J5 T 8 )
— BRI . R 7,

2.4.2 1,8-Cin-SMEDDS “F#%i1% K Zeta HL{7 R AHE
KB EEHE (LDS) MlE SEDDS #)-F-ik:
17, MBS HOCEUS (PALS) JsE Zeta Hifr. 45
RFW 1,8-Cin-SMEDDS “F¥jkif2 A (131.68+
1.44) nm, Zeta 474 (-10.03+£1.63) mV (n=3),
R L 8.

243 WAELBHFME FHERI 3 1 1,8-
Cin-SMEDDS % 0.1g (W), &T 10 mL &,

i B
i

7 1,8-Cin-SMEDDS &5 {5 [E
Fig. 7 TEM image of 1,8-Cin-SMEDDS
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Hi/e/nm s 24
(B) 8 WA IR WA 7LD
Fig. 8 Particle size distribution map (A) and Zeta potential 12
24

diagram (B) of 1,8-Cin-SMEDDS

N NEER, #8755 min fHEM, €, #, %
“2.257 BUFINEMELYIEE (WD HRAIEUT A
NHEEH L& HAE=W1/Wo. 45 £ E W, 1,8-Cin-
SMEDDS 0.1 g FI#Zj &5 alh 224.72, 224.79.
224.75 mglg, ¥IHN 224.75 mglg, RSD 4 0.013%.
K& FREL 3 173 1,8-Cin-SMEDDS 1 g, i 11 8 mL
gk, 13 1,8-Cin-SMEDDS, H{ 1mL & T 10 mL
B, MalEEsE, B85 5 min i, €%,
78 “2.2.57 TN g eI E, THEAYME
= Wy, =H1,8-Cin-SMEDDS 3 mL, &T 15 mL
AEUEE CEUR AT 4> 7 F & 10 0000 3 000 r/min
B0 20 min, HUEOE T EMELW L mL, B 1 mL
BT 10mL &ifiF, s, A 5 min,
EA, MR “2.257 TN EEZMAEENE, THE
ZiEE (Weo MIELLNARIME s R Of
F=W oW s. 1,8-Cin-SMEDDS #3255 N
99.89%. 99.91%. 99.88%, ¥ 99.89%, RSD
N 0.012%. 45REH, 1,8-Cin-SMEDDS (#2455
A R I
2.5 1,8-Cin-SMEDDS fa EM#£%
2.5.1 MiBexf 1,8-Cin-SMEDDS Fa g M5
19 ¥ 1,8-Cin-SMEDDS, 4%l 4. 8. 12 mL 47K
WikfE, T4 CHAMFNIE 2. 8. 12, 24h, MW
DIWEM RIS, 4R WE 3. IF¥ 1,8-Cin-
SMEDDS & T 5 mL EP &1, 4 000 r/min &.» 30

min, WEELEEL. 4EEY, £ 4 CEHET
WE, MEMRBABIGM, 1,8-Cin HAME 2.
8. 12, 24 h NIHRWAPUE~EMFEIS, HE
05 30 min WAR RAE .

252 AFESEAFEXT 1,8-Cin-SMEDDS £ & 4 ()
S ¥ 1 g 1,8-Cin-SMEDDS 7351l 8 mL v 51
K AEERIK . SR AR SS, T 4C
TE 2. 8. 12, 24 h, FFWLELH 4000 r/min &0
30 min JEAMNIAEAL, SERIEK 4. gEFER, 1E
4 CHMT, ARGEN X 1,8-Cin HFLLE 2.
8. 12, 24 h WK WA VTIEF LMy ZMG, HES
05 30 min WATR R A9y 2 o UEBRTEAH M IE LT,
AN B R 1,8-Cin H FLAL 5 RS 1 TR
2.6 {HREIFENSLIG

2.6.1 1,8-Cin-SMEDDS [4ifustt 4 HUVEC
HIEILE] 70%~80%, 2 T AFE WA 1,8-Cin-
SMEDDS (% 1,8-Cin 5~100 pg/mL) 5§75 24 h,
KH MTT 0P a7 i % . g5 KW, 76 5~10
ug/mL i, 1,8-Cin-SMEDDS %4 g £ K f5 i 3
M (RIS >90%). 45 R ILE 9. AL
RIS LW, 1,8-Cin #£ 0.879~8 761.4
ng/mL Xt HUVEC 345 40 i 2 M 1 F ST

262 AAMIEENELE  BUEHEFE) HUVEC, £
b -5, VAN R 25 B A 1 X 10° ANmL, AL 2 mL
FEFN 6 LR, 4B iR 7E 37°C L 5% CO2 £l 95%
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F4 FRDPHNERT 1,8-Cin-SMEDDS #2EM (4 THE)
oA

Table 4 Effect of different dispersing media on stability of
1,8-Cin-SMEDDS

MRk ER

X AR B E
F/mL [&l/h
FESTH K 2 FEHY—AFER, KN E
8 ERIEEIL
12
24
AR ALK 2 FEHY—AFER, KN E
8 MBI
12
24
5% %] %) b 2 FEHY—AFER, KNS E
8 W A % . (L L
12
24
1004 -T™ *%
e
5 *k
& 50
=
g
TamE 5 10 40 70 100

1,8-Cin-SMEDDS/(pug-mL ™)
x4t TP<0.01

P < 0.01 vs control group

9 1,8-Cin-SMEDDS %f HUVEC By& 1€
Fig. 9 Toxic effect of 1,8-Cin-SMEDDS on HUVEC

FGTUEBE RS 740 TR 24 h B 5, RERRESIREE,
NS IR EE R (35 umol/L) RS FR 3L
PR B N R AR A . N C6 (80
ng) KIkE7E% . 1,8-Cin-C6. 1,8-Cin-SMEDDS-C6
Rigt 4 h, BRREEIREE, TUAM PBS YLI&k4IM 3 ik
Ji, 4%% FEFPREL T A4 M, NN DAPI L ta il et
HMIR% . H PBS Pelkfa, 261 E Bae N g
MO B EUIE Bl o 213 B WA T EE, C6 AT iRILi
SR T AR R A% A X3, 3 BH 20 A 70 48 )
W, SEIREE R, 5 1,8-Cin-SMEDDS #tk, Jif
2 C6 AR AN C6 ft 1,8-Cin 41, wIGimfEY
L4 C6 1 1,8-Cin-SMEDDS %GB, KW
1,8-Cin-SMEDDS R H R 4L 2] HUVEC 4,
TR AL . &5 3 LK 10,

1,8-Cin-SMEDDS-C6

o

Cé DAPI Merge

W5 DAPI AHfftx e ;. 40y C6 A4t
blue for nuclear staining fluorescence; green for C6
cytoplasm fluorescence

BEl10 PHAEMEEST 1,8-Cin-SMEDDS #£ HUVEC{Ef 4 h
HILH IR R 3 4

Fig. 10 Qualitative analysis of cell uptake of 1,8-Cin-
SMEDDS exposed to HUVEC for 4 h

3 g
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55 % AT 2 AN 20 M 9056 75 g 4 AR L B RIF I
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T 1,8-Cin R VERGE, B I 55
TEB TGRS, M LUIUBEY) 5 15 K 3 R 45
9, PR, AWEIT H AT AR T H ARG 51

AFL AR FLAGTIA B FLAGTI I & A B
TR AR 24 B S AL I T A T e Pl
(3 ST R IEAS e 732, SESRREBEANGE, T
iokvesy v RitR G CR SN 9 DT S h i a ik E e b
B 2 A 23 L RTR A LRI BC B, SRAS B0
[ &k

ERIRE, E4% 100~600 nm BIGN KR T T
e s e n et E T N R R A S A
B H AR R, S RRARYE B S
Fl, PSR 7 FIgRAEN (131.68+1.44) nm (1)
Wb T R AEAL 2228,
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