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Abstract: Objective To investigate the effect of citronellol (citronellol, CT) on the proliferation of HEp-2 and MCF-7 cells, and
prepare CT self-emulsifying drug delivery system (CT-SMs). Its antitumor activity and cell uptake ability of HEp-2 cells in vitro was
evaluated. Methods The effect of CT on the cell proliferation of HEp-2 and MCF-7 were investigated by MTT assay. The pseudo-
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ternary phase diagram method was used to optimize the formulation of CT-SMs, and the appearance morphology, mean particle size,
and Zeta potential were characterized. The effect of CT-SMs on the proliferation of HEp-2 cells was detected by MTT assay and
cellular uptake was determined by fluorescence inversion microscopy and flow cytometry. Results After a certain concentration of
CT treatment, MCF-7 cells proliferation was not affected, and the difference was not statistically significant (P > 0.05 compared with
the control group), while the proliferative capacity of HEp-2 cells was significantly inhibited (P < 0.05 compared with the control
group) in a dose-time dependent manner. The best prescription for CT-SMs was as following: Km (emulsifier : co-emulsifier) was
Kolliphor® HS 15 : absolute ethanol =7 : 3, CT : Km =3 : 7, the mean particle size was (354.0 + 9.5) nm, the appearance was round
and spherical with uniform distribution, and the Zeta potential was (—13.4 + 0.3) mV. The results of cellular uptake experiments showed
that the intake of CT-SMs (545.70 + 11.56) was higher than that of CT (230.00 + 17.76) in HEp-2 cells treating the same concentration
of CT-SMs and CT. Conclusion CT-SMs could significantly inhibit the proliferation of HEp-2 cells. In this study, CT-SMs were
successfully prepared by dropping water method and the quality of CT-SMs was stable and controllable.

Key words: citronellol; self-emulsifying delivery system; antitumor activity; laryngeal cancer cells; breast cancer cells; cellular

uptake; cell proliferation; MTT assay; pseudo-ternary phase diagram
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HI#IE RS (self-emulsified drug delivery
system, SMs) 1EN—F AT RUF #4250 A
1 [ ) PR SRR B B R R R, TR RE T
IONGENKA NS, 2 B RIEERAE <500 nm
IKFURIA G, w3 S Y2 M I AR P L FoE
FAMIFIRE, BB MR, Sk R 241
o R AL 13,

B Ccitronellol, CT) &7 Cymbopogon
citratus JETEYIRE I R ILE RSB EY, A
BB ES, —_—MEARSMERNER, 248t
m, BN R R Ak R S T
Il seab s AT AR I CT % A Mg b 52 40 i
HEp-2 HA BEIGHEMEIER, #ut—PE%T
ANFAFERELER CT MEFFEEHANSD L RS
(CT-SMs) X} A FLe MCF-7 40 id F1 HEp-2 41 o 38
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CT-SMs 7t HEp-2 A #ZHUE AL, H~ CT-SMs I
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MCF-7 4iffd, = ER P R4 E .
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R T A AR A HPLC U3000. 3020-426
Z IR WK EE AR, FEE Thermo A ;s BT-9300H
WOCKLE AL, PHAR BRI A IR AR ;s Delsa
Nano Zeta HUAL S GNARE FES T4, 5% [ DL ve 2 2 /R
FEHIR AR XDS-2B 5B BME, HARREAH;
NovoCyte JitATMI, AREMIVINAIRAF

CT, flt'5 H1507047, Ji&E5%=95%, [+ T
WAARAF: KOl EZAERANERFIARA
T WL TFE 400 (PEG 400), PURlith THARATRA
Ay JHETOUE 188 (F68). 15-F2 LM IR T £ We g
(Kolliphor® HS15), fEEEHRAF; 1,2-H R,
REET R TR Hl, Wiiss B B e
WAHBRAR; KRGl (PC), L#KMAHZBNH
BRAF; K. FEE, Gikal, SEEKHAH.
2 FEEHER
2.1 CT-SMs 894

B ERAY i CT. FUALH. B LAD
RIREN g, HI—E&KN CT. FLH LB
AT BP &, imiEiR A5, BT HseiERE 25C
KB, IFFEIMALEKZE 8§ mL, HIf$ CT-SMs.

ANE CT 1) SMs il & 77 b, AUAIA CT.
22 CTEENE
221 g (g R Ultimate® LP-Cis A (150
mmX4.6 mm, 5pm); WA LIE-/K (70 1 30);
Rl K 205 nm; AR 1.0 mL/min; AR
30 'C; HEFEE 20 pL. FEICESHELL CT ikt
HKT 6000,
2.2.2 O HEEIARIGECH] ORI CT X I e
%W (1 mg/mL) 2.5mL £ 25 mL &5, MIMEE
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ZIEE, $A), HREREAN 100 pg/mL 1 CT XFH
A VAR o
2.2.3 AU ARINECH] RSB R CT-SMs ¥
0.5mL & 10 mL &), MO EZE, #5, &
CT F4F 600 pg/mL AW, MHOREZIREL 0.5
mL, EHZE 10 mL, f§FEKEN 30 ng/mL H{H
BB, £ 0.22 pum MFLIEREIE, HUSRIEMME
BRI

7 H B LA S % TR
224 LREEER SHIUEETSHERN. THHE
AR . CT RSV A A i VTR & 20 plL,
TENBAEREA, 4% “2.2.17 TR @ik a N E,
R SRR, IR RAE A R B H 0,
HL7S % 2 1 B LA AL AR AT B AR U
XE T, W 1.

A CT
T T T T T T
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T 1 1 T T T I T I I
C
T T T T T T T T T T
D
T T T T T T T T T T T 1 T
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t/min

E1 #HA&FR A). CT MBRAR B). TAERAR
i (C) R=RE5 (D) B HPLC

Fig. 1 HPLC diagram of test solution (A), CT reference
solution (B), blank self-microemulsion solution (C) and
blank solvent (D)

225 AniEMZpI gl kS B IO I
0.25. 0.5, 1. 2. 4 mL £ 10 mL &, ImakEE
ZIEE, $E5), MO 2.5. 5. 10, 20,
40 pg/mL, % “2.2.17 BUNEIERAHNE, o508
i, DURREIRFE (V) W (X #4721 ]
VA, 73 B A5 FE Y=0.563 3 X+0.165 1, R>=0.999 9,
SERKRW, CT JREIRETE 2.5~40 ng/mL 5[
LIERRRLTS
2.2.6 FEELEALS RSO BT R EK

f% 10 pg/mL) 20 pL, % “2.2.17 TR G 4F
5E, AR 6 I, I IE AR, THEIETA RSD
B9 0.93%, RIAEHEHE R LT
22,7 BEEMERE % 2237 T7EH SR
W6 1, RIS BRI, 1% “2.2.17 T
TEIGAMNE, eI, HE CT ERE
(1) RSD {4 0.52%, RIZ7ERES R
2.2.8 FREMIAR AEERIH RIETER,
BT 0. 2. 4. 6. 8. 10 hi% “2.2.17 Wi F ik
R, THRIE TR RSD N 2.00%, 2 B
TIAE 10 h WASE M R 4T .
229 NFEEGERE  AEE IR E R E T
10 mL &R, IIAE IR EIRE AN 10.0 pg/mL (1)
YR 1.0mL, JEERRZIE. % “2.2.17
TR iSRS 6 IR, 1l A,
THEFEEZE N 101.40%, RSD N 0.64%.
2.3 CT-SMs B4 51tk

FREL— 2 BRI AR CT. SUALH K BhRLALF,
REYS), BTHSEERZE 25 CRiZAKGH, Wil
BIKA 7145 CT-SMs, 0k & 1k A8k
&> K H Origin 7.5 #2108 = JoAHE, H IPP 6.0
BAF BT B LTI AR R
231 AAFIMEL  LLCT Nimil, BIFLLAR
oK, AN GBI FAFIR R (Kn) N 101,
73 5 LA Kolliphor® HS15, PC F F68 1F ANFLALF,
e SN 1 g, MAHSHAMFITEI 19, 2!
8.3:7.4:6.5:5.6:4,7:3.8:2.9:1,
% “2.17 iR . S5 R, AR PC AT F68
1ERFAT TS O = oA T AR, {H PC FL
TS 5 ke 2, F68 AR NIRRT I T S bt
W, R BVERE B, WUk HS15 fE AR
FIHATIE RS . W 2.
232 BhFALFIE S “2.3.17 OUsREG 5 KR,
LA HS1S, HAH-Km (FLALT S BhRLALT
=) N30T E, FTERIEILRARTE R RN LA
CT A, 5 HS15 AFUALF, 20 5 LLTE/K 2B
H. 1,2-75 —F#. PEG 400 NEhFLALF, & & B
BN1g Kn=1:9.2:8.3:7.4:6.5:5.6:
4, 713,812,901, W 217 WURTiER &
WF. gEREW, CLHWM. 1,2-IW=f. PEG 400
AT, ERFPER, TR RGE W BiRs)
PELFIELIR, SO IE A A B AT . BAEK 2
i AT, AP AR R K. W 3.
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Fig. 2 Pseudo-ternary phase diagram of different emulsifiers
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Fig. 3 Pseudo-ternary phase diagram of different co-emulsifiers

233 KnlWFIHE  1F LRSZI0 R SEEA L, DL
CT JyihiAH, HS15 NI, ToK LEENBIFALF]
(Kn 9 6:4. 7:3.8:2.9: 1), [HEMFE
Nlg, WEMMHE KnfHN9:1.8:2.7:3.6:
4, 5:5.4:6.3:7.2:8. 1:9 dHTHEE, 4
BO(E 4 R, R Kn N6 4 I HMFLIX
MK, FEH CRENA —E MR Kn (A
7 13 Kift RSD {HEUN, RUZATTRFGE, Wk
M- R AFAFIN 3 D7, Kn N 7 2 3347 F—
234 UEMHESLES  ZZEFHERIEMAHER S
A, RiARE T DL B B R T RER R R . AL

AR PE HS15 AL, ToK R BhALALF),
Kn BN 7 03 Nt Tr, WA-Kn b 307, AT
BOUETESEES . RIS R, ZA T T E AT,
HE ML, WL 1.

2.4 CT-SMs HBHEMFHENE

2.4.1 CT-SMs GEHZEMNE B CT-SMs 0.5 mL
T 10mL #fif, e RRZIE, %8R “2.27 I
NAENE CT WM, FRIEGE AR B a2 =
(W )3 L CT-SMs 2 mL T B AH X 43 F i & 30 000
AEVEE H, 3500 r/min #50> 30 min, JEK 0.1 mL &
T 5 mL &, OERBZIEEHENE, #
PG R EIF E 29E (W w). IEIBLLT At
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Fig. 4 Pseudo-ternary phase diagram of different Km values
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Table 1 Confirmatory test results

Km A REAR/um HLAA G FEl/um RSD/%
7:3 0.361 0.201~0.651 0.26
0.343 0.155~0.636
0.357 0.154~0.666

HAHZR, BaHEN (98.46+0.02) %.
BER=W o= W)W

242 CT-SMs H' CT #AENE DK IE R

EE, A ET 10mL B, IOEEAS (%

80 W) 10 min &R G MiBE 2218, #225), 4 0.22 um

LM, HSRUEWE, & “2.27 WUN ke

CT WA, 24 rikig AT CT-SMs H CT %

2N 3.7 mg/mL.

2.5 CT-SMs BIR=1EMN

251 AMUEA CT-SMs AFL AT E A3k

Wk, HECETRAMNT R )E. B CT-SMs i&

&, DUKE UM RIS E, A% E FEE

2% WG TER Yty T HLBE T W% CT-SMs (TR

B AE R BN, CT-SMs FLi NI, 4M0

A%, WS,

2.5.2 KifRorAi M Zeta AL HU CT-SMs & &, DA

FKIE MR S IR, R H] Delsa Nano Zeta

LA B KR B2 o AT A o FOREFE Je Zeta HRLAL, 25
REIHE 6. 7. 4558 FEWH, CT-SMs K TFHhiEHR
(354.0+9.5) nm, PDI ; 0.267+0.010, Zeta Hi{i;
N (-13.40+0.26) mV.

w
L ] » -
ok C
s o S o ¥
; LI o
£33 » 4 . L ]
200 nm ¢ 1 pm . ‘~
5 CT-SMs #J TEM
Fig. 5 TEM image of CT-SMs
1 10 100 1 000

HifE/mm
Bl 6 CT-SMsFILERESH
Fig. 6 Particle size distribution after emulsification of
CT-SMs
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Fig. 7 Zeta potential distribution after emulsification of
CT-SMs

253 faEtiAR E—EEM CT-SMs il 7%
B, AT 25, 4 CHIXEO. 1. 3. 5. 7dJ/EM
FHNILA, ek, GREW, REHREM
CT-SMs T =i 4 CHHHE 0. 1. 3. 5. 7d )5,
KIATE HrimEEI G, 1A BLE 8] 2543 550 U
CT-SMs MRk fE, 5 H RSD 435118 2.4%2.6%,
FBZ ) AR E T R AT
2.6 {RIMABNETEME R

KA MTT b EEA Ao G5 % . B X I
H e 5 AR E R CT-SMs 21 (120 100,
80. 60. 40 ug/mL). SMs 4H (280. 233.3. 186.6.
139.9. 93.2 pg/mL, 4T CT-SMs &l &k 4
HREHES ) DL S NMREREFER CT 4
(120, 100. 80. 60. 40 pg/mL).

BG4 K90 HEp-2. MCE-7 400, LL 6X
10* AN/FLEEFP T 96 FLIRH, BEFLAAFR 100 pL,
37 C. AHXHREER 5%/ CO, #5774 #5597 24 he
RIEFARIELE R, RIS CT IR N 40~
120 pg/mL [ FREE 200 uL, 53 B INZEH0 )% R
H, BMEWRER 6 NESL, BT ASLIN PBS
REFRE . TRiFRFE 733555 24, 48 h, A 20
uL MTT CEECEAE), BT CO R ECN 5%,

BFERN 37 CHIZM N4k8aR59% 4 h, 35 13, &L
B 150 uL DMSO, #EH% 10 min, BEFRX_ELL 490 nm
BRIMEFRAE (O EH, LREF 3 R, 4RI
#2~4,
AMIAFIE R =A s5:/4 wim
MTT SE3e 45 R BoR, CT 45 5I1EF MCF-7.

HEp-2 #iijffi 24 h J5, &5R%EW, 40~120 pg/mL CT
X MCF-7 40 & v JC & 5 M HI/E . 80~120
pg/mL CT %} HEp-2 4liG A 22 M fEH (&
2) . MR BB EE [ C T SMs K CT-SMs 1F ] HEp-2
M 24 h J5, SXTHEZH LA, CT 45 SMs 4H7E 40.
60 pg/mL Jii B B N X HEp-2 2 o 384 5 10 B 56 (40
HER, AFRPEERER CT. SMs & CT-SMs X}
HEp-2 4l s 5a I /e H B st (R3). 5
XTREZH LU, &R ITRAEYEH HEp-2 40/l 48 h
J&, SMs 411 40, 60 pg/mL Jii &K JE T % HEp-2
U IG5 G W B M EIER, CT. CT-SMs 414t
40~120 pg/mL X} HEp-2 £ Jitg 386 55 47 5 2 (1) 90 1) 4
il (P<0.05. 0.01. 0.001, 3£ 4), F5|&-K K
.

%2 CT xt MCF-7 #1 HEp-2 HYARLEHMEME (X £,
n=3)

Table 2 Effect of CT on cell viability of MCF-7 and HEp-2
(xxs,n=3)

M5 p/(pgml™")  HEp-2 f7%%R/%

MCF-7 1352 /%

payis — 100.00+ 0.00 100.00£0.00
CT 40 101.83£10.22 98.7411.48
60 99.33+ 9.68 99.70£0.85
80 80.42+ 7.63" 101.07£4.34
100 7273+ 737" 104.25+9.89
120 5520+ 8.96™" 97.74£8.08

HxtRALR: "P<0.05 “P<0.01 **P<0.001
‘P<0.05 "P<0.01 "P<0.001vs control group

=3 BHERDFMER 24 h X HEp-2 AREHEM (Xx+s5,n=3)
Table 3 Effect of each sample on HEp-2 cell viability for 24 h (x + s, n=3)

. TEIE 1%
Fdh
40 pg'mL™! 60 pg'mL™! 80 ugmL™! 100 pgmL™! 120 ugmL™!
Xof HEt 100.00+ 0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
CT 101.83+10.22 99.334+9.68 80.42+7.63" 72.73£7.37" 55.20£8.96""
CT-SMs 93.46+10.60 67.97+8.72"# 16.17 14,17 ##&&& 7.83 £ 1,117 ##H&&& 7.68 £1.01 " HH#&&E
SMs 9791+ 7.13 82.23+12.66 81.88£2.05" 73.36%£10.35" 60.56+£2.95""

SR "P<0.05 P<0.01 *P<0.001; 5 CT 41HL#: *P<<0.05 *#P<<0.001; 5 SMs ZlLk#%: &&p<0.001
"P<0.05 "P<001 *"P<0.001 vscontrol group; *P<<0.05 *#P<0.001 vs CT group; “44P < 0.001 vs SMs group
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F4 ESHRDRER 48 h 3 HEp-2 MAEENFM (Xx+s,n=3)
Table 4 Effect of each sample on HEp-2 cell viability for 48 h (x + s,n=3)
» AEEEI%

e 40 pg'mL™! 60 pgmL™! 80 ug-mL™! 100 pg-mL™! 120 pgmL™!
ot e 100.004-0.00 100.0010.00 100.00+0.00 100.0040.00 100.0040.00
CT 113.32£6.89" 90.61 +3.30* 75.56+5.32* 58.09£1.59™ 49.05+5.78""
CT-SMs 85.38£7.64™% 80.01 £6.58™ 75.43£5.677% 51.86£9.38""&& 29.99 £ 6.05" " #&&&
SMs 97.48+5.84 90.57+8.62 92.85+4.17" 85.02£7.71" 79.33+5.02"
ERHRAE: "P<0.05 P<0.01 ""P<0.001; 5 CT 4LL#: #P<0.05 #P<<0.01; 5 SMs ZHLL#: €P<0.05 &P <0.01 &&&p<0.001
"P<0.05 "P<0.01 "P<0.001vscontrol group; *P<<0.05 *P<<0.01 vs CT group; *P<0.05 &%P<0.01 &&&P<(.001 vs SMs group

2.7 RABRIEE ELMAIREL

UEEZR 6 (C6) NRIERE. BUHUA K
() HEp-2 ZHf LLEEFL 1 mL, 1X10° AN/FLIEE 2
FiF 12 FLBRH, 8598 24 h, FELERFRE, B
C6 ¥, ¥ C6 1 CT ¥l (C6-CT)H, & C6 HIH
AT AR (C6-SMs) &, & C6 ) CT-SMs
W (C6-CT-SMs) S5AILiFE 4 ho HAR
PBS ¥ 3 ¥, AN 0.5%1) 2 R ek, Bt
10 min, FF[E W, PBS ¥t 2 i, &K 3 min, FH2
PBS. A 10 pg/mL [¥) DAPI # i, %+ff 8 min,
FY, PBS ¥E 2 i, BRR 3 min. JRTRIE W
R T, MEFE T WS RRENR, 4R
Pl 8 o 151 B % e i e 25 SR B, Ui 5 11 CT 75 HEp-2
S P ORAT IR, R B CT B HEp-2 48 HX

C6 CT

/b, 4 C6-CT-SMs. C6-SMs 4LFH [ HEp-2 4l
(%% Y65 FE 55, H C6-CT-SMs 2H 5% T C6-SMs 4,
ULH C6-CT-SMs 7#M i [] Py 7] LAIA] HEp-2 2l
kT Z ) CT, /& C6 Al CT-SMs L [RI1E FH 145 3
2.8 RINLAEARE 22 LMAIREL

WA IR 4X10° DAL T 6 LR
o, $3:24h, #ELEEFRE, SRR
B, SEeRFEREHIE C6 W C6-CT ¥k
C6-SMs V&1 LA f C6-CT-SMs ¥ 5 HEp-2 4 fil 3t
¥ E 4 ho SLIGHTH PBS iUk 3 I, 0.25%JHREG
1k, 1 000 r/min &0 5 min, 1 mL [ PBS &40,
ARG TR, AR WE 9. HIE 9w,
5 RME WL R -8, HF CT &&
ff) CT-SMs 1 CT 4-¥! HEp-2 4Hfig)5, CT-SMs %%

C6-SMs C6-CT-SMs

&8 HEp-2 4iaRIS B RERE

Fig. 8 Fluorescence microscopy images of HEp-2 cells

C6+CT-SMs

103 10* 10° 106 107
FITC-H

9 HEp-2 AR A E &
Fig. 9 Flow cytometry image of HEp-2 cells

CT 2R K, 4038 545.70+11.56 F1 230+
17.76.. $eoniil# sk B A bidi%k R4t )5, HEp-2 41/
XF CT A B MR ER .
3 g

BT, O 2SR S B DU 77 1
BB SR E & RTi& . Bidinotto 2510 7T 4%
FEW, £ DDB [ 7,12- —H HEF I (a)
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HEAEBENPILIEETE . Bao SR TH S
TR S180 UMM EEE, SRR AE
ZHERTFEAET) S180 s A BA WA HIAE, wIRE
Jee R A S 2 22 W 91 S R e b Bt v T AR /N BR 1
T PE DS T Hprog g . SR, 5F CT it
i 1 B R AH S FE AR LR « S8 = HT A B CT
X HEp-2 20 i 5 oA B 35 3l E A, (EA S
B 45 R, CT X MCF-7 40 i (1 189 5 JE 40k 7
AIfE Bidinotto S5EUCHRIE [ 7 28 HORE T HTFL IR TG
PES R S A AR s R

SEEG S AT SR LA, K AR A M
1 CT AT SMs H, AT s HoKEtE, b
HERE, WIH% T CT-SMs. {H%EFXFh 7%
FESEBRA P2 R E AN B, I RS FH AT I i 7L
TR B FLAL TR A 518, A AT RE S N P 3
T MFLAL IR B FLAG ), e R K s AT T
CT-SMs il %78, IR IE T T .
1) CT AEAE, 34K T HFLR a2 &

TEFLATIE Z2d FE 2 AR N AL AL T
W57 2, X TTRe2 R B R 1) HLB {E4EUE,
e 12, TIE RIS E R AMIAA R, RE
F68 [IsE/Kii/KF#i{E (HLB) {H7E 8~18, {H&Z
F68 WiIRE T o H, HEZHINE, MAHT
14 Kolliphor® HS15 fE AR . ZEE. 1,2-T9
. PEG 400. Hih&E F/ERIALAGH], SR FLALF]
I3 T BRI T 5K 7 B FLAeT R 038 Il AL RS e
H AL HLB U1 fE A SZG H, DLH
1,2-T5 % PEG 400 B FLAL TR, A4 2B R,
TeIE T % B LR sh M b AL, WA AR
BhFL AT .

MTT 45 3R, U5 1) CT-SMs X HEp-2 41
FR 1 R & 5 T i CT, C6 T H stk
B, GyiE NN, S B C6 1 HEp-2
YA E RS, EEE TR R . &
CT-SMs 4bFE ) HEp-2 4HHE I 2 e H U iy T 05 5
1) CT ALEEM4HME, XA EEZ N CT-SMs A%/
(R, 5 A0 B R i A LR, (R A LA 7N
Bh LA 4 e d @ PR N, AT S B8 2 9
KIBE CT-SMs 3E X4 A .

SCHRFRTE A S5 2 FTEARE 73R B, HS15 7E 50%
WREEVE R DL BARKM 224t RN 2 S o vr
() FTE ST BRI 7200, 59% AR AARAR 20 $i i 2 56t 1E
WHMREA — R AERKIREEN . A7k

XTGP EAT — € IR E R, AT RER DN S 3L
AFVE S T AR 2, (HRAMNIREETEEN, 5
HILIEF 48 h FIIEUN.
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