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Abstract: Flexible liposomes are an excellent drug delivery nanocarrier, however, the leakage of drugs
from liposomes has become common technical obstacle in the industry and also hindered its further application
seriously. It is very urgent and necessary to avoid or reduce the leakage of drugs from liposomes. In this work,
five kinds of essential oils such as Folium Artemisiae Argyi oil (FA), Folium Eucalypti oil (FE), Arabian Jasmine
oil (AJ), Syzygium Aromaticum oil (SA) and Fructus Forsythiae oil (FF) were encapsulated in the lipid bilayer
of palmatine chloride (PC) loaded flexible nano-liposomes (PFL), then the optimal essential oil and its dosage
level were determined by the external leakage curve of PC. The female Japanese white rabbits were used to

evaluate the vaginal irritancy potential of liposomes samples. The pharmaceutical properties such as encapsulation
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efficiency, particle size, zeta potential, deformability and structure of liposomes samples were evaluated. In
order to investigate the permeability of liposomes samples to deliver PC across skin and mucous membrane
in vitro, the side-by-side diffusion cells were used. The results showed that the leakage of hydrosoluble PC
from PFL was reduced at different degrees by the essential oils in the lipid bilayer of PFL, however, the reduction
in leakage degree was obviously higher for FA than thoses of FE, AJ, SA and FF (P <0.05), and the highest
reduction in leakage degree was obtained when the FA and lipid mass ratio was 1 : 6. The encapsulation
efficiency, particle size, zeta potential and deformability of PFL were not significantly changed after FA was
encapsulated in the lipid bilayer of the PFL (P>0.05), so did the lamellar structure of PFL. In addition, the
transdermal and transmucosal permeability of PC were also enhanced obviously by encapsulating FA in the lipid
bilayer of PFL, and there was no vaginal/vulvar irritation observed in the rabbits. In summary, the drug leakage
was reduced by encapsulating suitable essential oil (such as FA) in the lipid bilayer of flexible liposomes, and
the vaginal mucosa permeability were improved for the drug. These results provide a novel technique in the
improvement of flexible nano-liposomes for drug delivery.
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Figure 1 Effects of different volatile oils on the leakage of
palmatine chloride (PC) from PFL. »n=3, X +s. PFL: PC loaded
flexible nano-liposomes; FA-PFL: Folium Artemisiae Argyi oil
encapsulated in the PFL; FE-PFL: Folium Eucalypti oil encapsu-
lated in the PFL; AJ-PFL: Arabian Jasmine oil encapsulated in
the PFL; SA-PFL: Syzygium Aromaticum oil encapsulated in the
PFL; FF-PFL: Fructus Forsythiae oil encapsulated in the PFL
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Figure 2 Effects of different Folium Artemisiae Argyi oil and
lipid mass ratio (FA-PFL-1=1 : 3; FA-PFL-2=1 : 6; FA-PFL-3=
1 : 9) on the leakage of PC from PFL. n=3, x+s
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Figure 3 The TEM images of PC loaded flexible liposomes.
A: PFL; B: FA-PFL
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Figure 5 The cumulative permeable amount of PC across skin
from different formulations. n=3, X +s. PS: PC aqueous solution
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Figure 6 The cumulative permeable amount of PC across mucous
membrane from formulations. n=3, x+s
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Figure 4 The histological sections of the treated rabbit vaginal tissue. ~A: Control group; B: PFL; C: FA-PFL



BAEREAE P RO R T S VT 9K Sk IR o A 24 77 2 1k RE O 2 - 997

it AR BOR; TR 103 I, X
Wy ST AR R T 2 R, G R T R
(0 SRR T R SR A4 i BT XL 53 1 N R ) R e
PEFN SR, AR IR B 1) o o 4 FH B A o

St A3 T PRL G W 3 1 )2 J5, PRL ()40 3
2 RLAR AT A PR 28 6 -5 198 i R P AR T 350 A o 4
hn, ETEEFEMEZER (P>0.05), XFARLRK R K ) 68
2 AL T PRL JE 38 00 1 i Jo 84+ 2 1 )& B %
FEN RS 0 K 1 S A DG BRAR I B, AT R D T
KA, IR — e R Bt E T R
PE; {H TEM 7R 3 F oK 0% PRL I 2R 227 45
5 AP TEASRE AL, A0 1 G 1) 9 18 266 5 7= A= )
W AN IE Bz 17 R 25 2 SR R B A0 B 30 S e
HE— P H5E PFL R 3 5 97K AH o 259035 K23 26 1
W Ae, D5 TR AT A o S A B — A R A
25003ds I 3% b SR S AR R s A R AR T, AT PRL
J&i, 5 TR AR T A 0 3k 24 0 B Ak Rl
R RE 4 T — @ EER . BT FaREIR,
Sy AT BEAE R — BRI R T SR P o AR
il %, (HIEFE—BIRAT T 25 LAk, AN
IR ZS G0 K SR i AR A R 45 24 & Gt i)t e Aol
PO R AL T — o 7 ik A B s, B — e iRt
SR SR R 1) 2

References

[1] Manconi M, Mura S, Sinico C, et al. Development and
characterization of liposomes containing glycols as carriers
for diclofenac [J]. Colloids Surf A Physicochem Eng Asp,
2009, 342: 53-58.
[2] Subongkot T, Wonglertnirant N, Songprakhon P, et al
Visualization of ultradeformable liposomes penetration
pathways and their skin interaction by confocal laser scanning
microscopy [J]. IntJ Pharm, 2013, 441: 151-161.
[31 LiC, Deng L, Zhang Y, et al. Silica-coated ethosome as a
novel oral delivery system for enhanced oral bioavailability of
curcumin [J]. Acta Pharm Sin (%5 %%#k), 2012, 47: 1541~
1547.
[4] Elsayed MMA, Abdallah OY, Naggar VF, et al. Lipid
vesicles for skin delivery of drugs: reviewing three decades
of research [J]. Int J Pharm, 2007, 332: 1-16.

[51 Li WZ, Zhao N, Zhou YQ, et al. Post-expansile hydrogel

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[13]

[1e]

foam aerosol of PG-liposomes: a novel delivery system for
vaginal drug delivery applications [J]. Eur J Pharm Sci,
2012, 47: 162—-169.

Paveli¢ Z, Skalko-basnet N, Filipovié-gréi¢ J, et al. Devel-
opment and in vitro evaluation of a liposomal vaginal delivery
system for acyclovir [J]. J Control Release, 2005, 106: 34 —
43.

Hu YZ, Li M, Zhang TT, et al. Preparation of liposomal
artesunate dry powder inhalers and the effect on the acute
lung injury of rats [J]. Acta Pharm Sin (Zj2:241)), 2016,
51:1906—-1912.

Zhang WJ, Yang DX, Feng LL, et al. Modification by wheat
germ agglutinin delays the ocular elimination of liposome
[J. Acta Pharm Sin (Zj2%%3})), 2014, 49: 543-549.

Xu Y, Shi L, Deng YH. Effect of polyethylene glycol-lipid
derivatives on the stability of grafted liposomes [J]. Acta
Pharm Sin (Z%%%4}), 2011, 46: 1178—1186.

Zhang D, Xu H, Hu MN, et al. “PEG dilemma” for liposomes
and its solving approaches [J]. Acta Pharm Sin ( Zj2%%%4R),
2015, 50: 252-260.

Li WZ, Hao XL, Zhao N, et al. Propylene glycol-embodying
deformable liposomes as a novel drug delivery carrier for
vaginal fibrauretine delivery applications [J]. J Control
Release, 2016, 226: 107—114.

Li WZ, Han WX, Zhao N, et al. Studies on the preparation
and transdermal drug delivery of hydrogel patches of palmatine
loaded flexible nano-liposomes [J]. Chin J Vet Drug ( *' [F &
2k &), 2016, 50: 46—50.

Mahor S, Rawat A, Dubey PK, et al. Cationic transfersomes

based topical genetic vaccine against hepatitis B [J]. Int J
Pharm, 2007, 340: 13—19.
Fichorova RN, Mendonca K, Yamamoto HS, et al. A quanti-

tative multiplex nuclease protection assay reveals immuno-
toxicity gene expression profiles in the rabbit model for
vaginal drug safety evaluation [J].

285:198-206.

Toxicol Appl Pharm, 2015,
Wang HJ, Liu MF, Du S. Optimization of madecassoside
liposomes using response surface methodology and evaluation
of its stability [J]. IntJ Pharm, 2014, 473: 280—-285.

Zhao Q, Li WZ, Cheng YC, et al. Studies on the transdermal
delivery of palmatine by several volatile oils as penetration
enhancers [J]. Appl Chem Ind (% 4k T.), 2016, 45: 186—

189.



