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Research Progress of Flexible Liposome in Transdermal Drug Delivery System

WANG Wei, HUANG Qiaoling" (Department of Pharmacy, Hangzhou Third Hospital, Hangzhou 310009, China)

ABSTRACT: Flexible liposome is a new type of transdermal drug delivery carrier with high deformability and excellent
permeability. It can be used to encapsulate various kinks of small molecules and macromolecular drugs with different functions
to increase their transdermal and skin retention, and improve their local efficacy and drug delivery compliance. In this paper, the
characteristics and transdermal mechanism of flexible liposome were reviewed. The factors affecting the transdermal
transmission of flexible liposomes were also presented. Finally, the application of flexible liposome in transdermal drug delivery

system was emphatically introduced to elucidate the broad application prospect of flexible liposomes.
KEYWORDS: flexible liposome; transdermal drug delivery system; research progress
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Fig.1 Transdermal mechanisms of flexible liposomes

A—free diffusion of drugs; B—the penetration enhancing process of

liposome components; C—fusion mechanism; D—penetration mechanism;
E—the skin appendage path.
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Tab. 1 Application of flexible liposomes as carriers in
transdermal drug delivery system
254 Bk | SCHk
GRS FMENR A R E Y [39]
PIEHE B FUERE Bk TRIT R RERG, [40]
FFIA 5
B 28 R FMEAR A TR R IER [41]
e AN ] FMENR A iR [42]
T E FMENR A iR [43]
A KB F (EGF, METFRERRE RO ms [44]
IGF-1, PDGF-A)
LR EWMEN RN R DG [45]
itk
LWMR FVENE T AR g inpess [46]
siRNA FHEs FRVEBR A BEFN [47]
DNA Jfihi FHES TR A BERGYT (48]
EY 7 TSN FVERRTAKEERE  1RIT B [49]
5-FRIR M IE FMENRITTABERE TRIT B [50]
FRE FMENR A WTAERGOREE B
JWR
A KB T (bFGF, B FRIERE RO as [52]
VEGF-A)
oy F IR FMEAR A bk (53]
H R SRS FMENR A TRYTTHRIE [54]
AN FHES TR A MR [55]
siRNA FHES FRMENR A WRITRPRLTE 48 [56]
LB R/SIRNA FHES FRMERR R WRIT R [57]
W R FIERR A T B A A (58]
IEHER 2P A/ AT P A e S [59]
et
BB RN ZRTERR A BITYEE R A e [60]
ZAE
BATSA MM/ 44 2 C FEMENR T IARBERS I HEE [61]
B MRER FMENR A TRIT B [62]
WitE R R BIKE A MR T ARBERE RIS [63]
R TR/ UK FRVENR AR IR S [64]
1Mz
GEANT FMENRITTABERE JRIRR [65]
HSER DK B FVENE B AR HiE R [66]
FWETILERB FHERRTIA TRIT R . sl [67-68]
foRialiT b sk
ZxUem FMENRITTABERE iR [69]
A BB ORI FMENR A 2 inbiess [70]
R FUERE Tk TRYT B [71]

TE: IGF-1-RIE BREAKEF 1; PDGF-A-IU/MRIEMAERKHF A;
bFGF-T M AT AN A K R 75 VEGF-A-IN B RIH T A
Note: IGF-1—-insulin-like growth factor 1; PDGF-A—platelet-derived growth

factor A; bFGF-basic fibroblast growth factor; VEGF-A-vascular
endothelial growth factor A.

-498 - Chin J Mod Appl Pharm, 2021 February, Vol.38 No.4

3.1 fERSEZ IR

WL 25 0 45 2507 X 225 W) o0 A T 4
B, YU ANERET 5, BGEIRALREABR, Hl
JtR It ERCR A . F AR B AR 40 i 1
MITHRE R, DR 258 B O PR E RESR A it
W 2GR 25 25 I O 25K . Nayak S8BT 48 1
T A %) 22 P i AR IR VA T 28 2 1B B R
PLETEW M, 45REW, S MG, B
Jo¥E s 2 A i o A 1) 5 i 0% v e £ B )22 e s 2 e
RESR2GY B EVE M YT EEEE . Perez 5510 & T
WEPTEH YRR B MM RA, K5k
B RORER Y, EAEEZY 1 h s, MTE%R B
TN BRI B PR 245 it R e v 5 I o A o 511
[ 40 15, WA AT 29T R R BT RCR s $T
FLE IR Y], ISR RARHR B T IR NR Bk
5K s I BT B RCR . 1Cs0 A FTREAR
Rukavina S5 MR 27 55 28 AW A . 2k
NRBTHA . N ZEERR BT RS s B LR YT
TR P 40 PG b <6 0 2 ) 2] 3o T T R 7 | S ) B R J%
geo TR, MR T HABER R, FHER
JRAR B IRE BV, B IR BBl ik 77%, Bt
WA R R, 5w IR BT L, FRPENR BT
PRPU TR PR, R e R0 T 200 TR 18 58 R A g e
TR, ARV S5 I I 22 0 ok TR 2 S g 1 e £
iR,
3.2 PERAESIRBTR 2540k

FESAABT R 25 H TR PTR , (HIH AT
SR B i REOR, AL RS RS
WETHLAFAS ROV, 28 KRR a2 T B DL AN R
FR o AFSER, RN B BN RN
K Ryl 25 25 77 sURE 3 1 K IR JUL Y il e v iy 24
Yrue s, ST RPUEE 5 AR BUTZL IR R
XURGF TR AN FEMERR BT F I S LT 65 IR0 v 2
AR T PRI ) Zhang IR T 818 REH
MUAREUAR . EPERREUA . LIS K 425 HE T
G5 LA R BT AR SR B T A ) 2 2 B i e
11, BRI TSR
3.3 fENRItA G 2Rk

SRR O A AR EE K, K
)Ry R 25 25 XA HE A 11 A R S A D A
WeANTT D o B RS HE 0 111 A 1 2 R E
B BEIEEE , B0 0 R MR, W
BB Z WA e IR oK . LR ENR

P BACR 2457 2021 4F 2 5 38 5 4 )




AR R B e Sy 25 Py PR A AR i BRAL BR B, [WIA
HEENBERAE MR, e 0 Zi4b
25 BR aE B FH 2 UM T i v I R A% B
FRE N 1

Choi ZEU4d FIK 437 FKS 8 (A2 BH ot R 6
REARKKEF . RS FEAEAERKE -1 i/
PEARK B F-A TS LR S IRIT AR, [F
il 48 T3 iR 25 Y & 5 BH B - 22 1 A
e, RAMIFFESE SRR, R E T NS TR RS
ARPem AR BT FER RN R AR,
AR T BB, TR 35 (2 0 20 A A 1 A
TR/ MRS, &7 IR ik g
B E PR S R AR A R, R R 2R 4UA R
FERRE B R Ak, e DA

ZHERAARBERGEEMECER, B TH
VAR, WICH 5, AEYRIHE — Ak,
El-Refaie U4 T R B I BB 2 1 R
FHER AR, FEubIEnt bk —2E il TR, IF
YRR RIEITIRYTY, SRRV, ML Tf
B, 2 PERR B IR b A e 15
WA RIR A, RITA 11 d b i
RALUEEC HIEHATLS, XurRHEMIR
iR NIVES A% N e

Lu SFU55 5 & 1 4 F R SR PR TR S 3R e
H: K[ F-(epidermal growth factor, EGF)FHE 13
HERE AR, FEdiles T & 2 PRI AR R T
FUE . SR H , 4R BR 2 MRS A S EGF
BHES 7 22 MR o A i BRI B3 i A il 4 s 1 2.9 £
5 18.8 £, HIH&RIFMALBERT . 2 F
BRI T R B PR RIVER, EGF PHE 2t
J AR 2 K At A R SRR SR RS AE I, TR
55 24 B i 22 MR s ARG FH B gtk — 25 4 1 40 e it
o TERBRIRIE B B A Eiiayr 45 R,
T 2 FPFERR BRI LB BeAR S Ak R
1 6. BG7H 41 MUAZ TR ) FR 3K 7K 5 2 Il 2R 5 W
KA, AR AR MG A A M IR R A R, Al
AR RS
3.4 AR YL A

Ji AR I H 2 B 7 Bl B A ] LA 57 £ 1Y)
FEHNELTTRARZS &, VBN —FhIE s i 2k i 26 3
R B, PR H S A se fong . sk
RN TSR Y 5 . Dorrani 547
PA(2,3- e 3 - PR 3 ) - = HH e R A, IE R A A i

o E AR 22 2021 4F 2 A4 38 454 4 1)

WAL E & T /N P 4% R (small interfering
ribonucleic acid, siRNA)FHE FRZ AL, H
TUIB R AR A 5 BRI S A
WA R E KR, kR PR AT A R
siRNA @M B2 IR T2, 25 T RA
RIBIRITAUE  Lee S8 £ 1 3 AR 2 1 P
(MR B T AL BB, DNA, SRl F 170
B JER S5 2R FH SR il =X B g 5 8 B8 g i i 48
Bk ORI AR, 45 R W, MR TR RENS#5
A7 FORL DNA i id B2 JIRBR B AR, TR %
RN 2B, TERIT BT
JRIhREZE LB A BRI T,
3.5 BN 2Bk

B e Ieg A 4 BL G AR B . R UV IR
ORI . KRR F A A SE, P LURER
RN s, M R TI®R R, &
e AT IR AR g 2 —, (Hi T A k3
I yeg P A 3 B v B RS A T B R 25 AR A
R, CEIR BT BT RCR, IRAER, Rk
T AR BT 250 R RS 202 R
Jiang S5OV £ T —F 25 210 i 233 RKAB 1 40 58 12
B SERRAZEVERR B, JRAE AR ah A Tk
B T REARERYT, BA RIIEEET MG
FAARTT DA 8525355 W R A T2, 4 M 2 S R A A
Aol S A2 2 1 i IO A 25 37 1 ok R e g 1) I g
v, JRAERIE A0 b A R s, S R
il 3 AT 2 25 A B10F16 22 298 /N U A= K o
5-F IR MEBE (5-Fluorouracil, 5-FU)EPrREZy, J&
BB T IRIT G E f A s AR TR R R kR,
HMELE LB E R, WX Fiayr Rz Kk
FEJCAL, Khan PO T & 5-FU MR BIARY
B T R BRI IR TT, BFR A SRR, R
5-FU ZCVENRBOABERE vl i3 5-FU 19 B2 JIRm e B
/N, AT Sy Bz JER g S Ak B IR YT T
4 RE

A L TAL GE g B A R H A2 K 590, e Rg
T IARTE 28 Kz 25 25 F0A B MRS, B R
AT S . UHOE AR IR e A R Koy 24
YA SRR, 1R KT 2 & B 4 2
ATRE. HIE, TRYEARRIAUAETE— i : mT
AT RIS MR, NG AR AR TP 1S 5 1) [7]
I REPEA T T % RPERG B AR 3% B2 SO R—-AT A
A 98 416 JL 38 o 28 B 25 28R A 25 ) R A B A

Chin J Mod Appl Pharm, 2021 February, Vol.38 No.4 -499 .



IR s RMENR AR B A A T AR i
RINHMESE . NIRRT LT E MR . BECE K
52 75058 ) SR M R o R 2 B — el = Y e e
Jitaye

REFERENCES

[11 NG L C, GUPTA M. Transdermal drug delivery systems in
diabetes management: A review[J]. Asian J Pharm Sci, 2020,
15(1): 13-25.

[2] HUSSAIN A, SINGH S, SHARMA D, et al. Elastic liposomes
as novel carriers: Recent advances in drug delivery[J]. Int J
Nanomed, 2017(12): 5087-5108.

[3] BENSON H A. Elastic liposomes for topical and transdermal
drug delivery[J]. Methods Mol Biol, 2017(1522): 107-117.

[4] ZHANGLJ, SHIS L, SHAO J B, et al. Advances in research
of elastin lipid vesicles in transdermal delivery system[J]. Chin
J Mod Appl Pharm(* [EBUARR HZ42%), 2019, 36(4): 511-
S15.

[S1] LI W Z, HAO X L, 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.

[6] CHEN F, YANG Y, ZHANG L, et al. Research progress of
curcumin nano-preparations in tumor therapy[J]. Chin J Mod
Appl Pharm(*F LR FH2424), 2019, 36(21): 2731-2737.

[7] WANG W, SHU G F, LU K J, et al. Flexible liposomal gel
dual-loaded with all-trans retinoic acid and betamethasone for
enhanced therapeutic  efficiency of psoriasis[J]. J
Nanobiotechnology, 2020, 18(1): 80. Doi: 10.1186/S12951-
020-00635-0.

[8] RAMKAR S, SAH A K, BHUWANE N, et al. Nano-lipidic
carriers as a tool for drug targeting to the pilosebaceous
units[J]. Curr Pharm Des, 2020, 26(27): 3251-3268.

[9] CEVC G. Lipid vesicles and other colloids as drug carriers on
the skin[J]. Adv Drug Deliv Rev, 2004, 56(5): 675-711.

[10] HOFLAND H E, BOUWSTRA J A, BODDE H E, et al
Interactions between liposomes and human stratum corneum in
vitro : Freeze fracture electron microscopical visualization and
small angle X-ray scattering studies[J]. Br J Dermatol, 1995,
132(6): 853-866.

[11] CEVC G, SCHATZLEIN A, RICHARDSEN H.
Ultradeformable lipid vesicles can penetrate the skin and other
semi-permeable barriers unfragmented. Evidence from double
label CLSM experiments and direct size measurements[J].
Biochim et Biophys Acta BBA-Biomembr, 2002, 1564(1):
21-30.

[12] SALA M, DIAB R, ELAISSARI A, et al. Lipid nanocarriers as
skin drug delivery systems: Properties, mechanisms of skin
interactions and medical applications[J]. Int J Pharm, 2018,
535(1/2): 1-17.

[13] ELSAYED M M A, ABDALLAH O Y, NAGGAR V F, et al.
Lipid vesicles for skin delivery of drugs: Reviewing three
decades of research[J]. Int J Pharm, 2007, 332(1/2): 1-16.

[14] BOUVIER B. Curvature as a collective coordinate in enhanced

sampling membrane simulations[J]. J Chem Theory Comput,

-500 - Chin J Mod Appl Pharm, 2021 February, Vol.38 No.4

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

2019, 15(12): 6551-6561.

FRANZE S, DONADONI G, PODESTA A, et al. Tuning the
extent and depth of penetration of flexible liposomes in human
skin[J]. Mol Pharm, 2017, 14(6): 1998-2009.

MCMAHON H T, GALLOP J L. Membrane curvature and
mechanisms of dynamic cell membrane remodelling[J]. Nature,
2005, 438(7068): 590-596.

KIRJAVAINEN M, URTTI A, VALJAKKA-KOSKELA R, et
al. Liposome-skin interactions and their effects on the skin
permeation of drugs[J]. Eur J Pharm Sci, 1999, 7(4): 279-286.
CARITA A C, ELOY J O, CHORILLI M, et al. Recent
advances and perspectives in liposomes for cutaneous drug
delivery[J]. Curr Med Chem, 2018, 25(5): 606-635.

LU K J, WANG W, XU X L, et al. A dual deformable
liposomal ointment functionalized with retinoic acid and
epidermal growth factor for enhanced burn wound healing
therapy[J]. Biomater Sci, 2019, 7(6): 2372-2382.

YU H Y, LIAO H M. Triamcinolone permeation from
different liposome formulations through rat skin in vitro[J]. Int
J Pharm, 1996, 127(1): 1-7.

LAI F, CADDEO C, MANCA M L, et al. What’s new in the
field of phospholipid vesicular nanocarriers for skin drug
delivery[J]. Int J Pharm, 2020(583): 119398.

HUSSAIN A, SINGH S, SHARMA D, et al. Elastic liposomes
as novel carriers: Recent advances in drug delivery[J]. Int J
Nanomed, 2017(12): 5087-5108.

VAN KUIK-MEUWISSEN M E, JUNGINGER H E,
BOUWSTRA J A. Interactions between liposomes and human
skin in vitro, a confocal laser scanning microscopy study[J].
Biochim Biophys Acta, 1998, 1371(1): 31-39.

NATSHEH H, TOUITOU E. Phospholipid vesicles for
dermal/transdermal and nasal administration of active
molecules: The effect of surfactants and alcohols on the
fluidity of their lipid bilayers and penetration enhancement
properties[J]. Molecules, 2020, 25(13): 2959. Doi: 10.3390/
molecules25732959.

BNYAN R, KHAN I, EHTEZAZI T, et al. Surfactant effects
on lipid-based vesicles properties[J]. J Pharm Sci, 2018,
107(5): 1237-1246.

ABD EL-ALIM S H, KASSEM A A, BASHA M N, et al.
Comparative study of liposomes, ethosomes and transfersomes
as carriers for enhancing the transdermal delivery of diflunisal:
In vitro and in vivo evaluation[J]. Int J Pharm, 2019(563):
293-303.

YANG C, DAI X X, YANG S F, et al. Coarse-grained
molecular dynamics simulations of the effect of edge
activators on the skin permeation behavior of transfersomes[J].
Colloids Surf B Biointerfaces, 2019(183): 110462.

EL MAGHRABY G M, WILLIAMS A C, BARRY B W.
Oestradiol skin delivery from ultradeformable liposomes:
Refinement of surfactant concentration[J]. Int J Pharm, 2000,
196(1): 63-74.

WU Z M, YANG C, CHEN L P, et al. A multiscale study on
the effect of sodium cholate on the deformation ability of
elastic liposomes[J]. AAPS Pharmscitech, 2019, 20(8): 1-10.
VERMA D D, VERMA S, BLUME G, et al. Particle size of

liposomes influences dermal delivery of substances into

P BACR 2457 2021 4F 2 5 38 5 4 )



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

skin[J]. Int J Pharm, 2003, 258(1/2): 141-151.

QIAN Y P, LIANG X, YANG J Y, et al. Hyaluronan reduces
cationic liposome-induced toxicity and enhances the antitumor
effect of targeted gene delivery in mice[J]. ACS Appl Mater
Interfaces, 2018, 10(38): 32006-32016.
GONZALEZ-RODRIGUEZ M L, RABASCO A M. Charged
liposomes as carriers to enhance the permeation through the
skin[J]. Expert Opin Drug Deliv, 2011, 8(7): 857-871.

QIN G, GENG S Y, WANG L P, et al. Charge influence of
liposome on transdermal delivery efficacy[J]. Soft Matter,
2013, 9(23): 5649. Doi: 10.1039/c3sm50522g.

DUANGIIT S, OPANASOPIT P, ROJARATA T, et al. The
role of deformable

liposome characteristics on skin

permeability of meloxicam: Optimal transfer some as
transdermal delivery carriers[J]. Bentham Sci Pub Com, 2013,
4(1): 87-92.

TERNULLO S, GAGNAT E, JULIN K, et al. Liposomes
augment biological benefits of curcumin for multitargeted skin
therapy[J]. Eur J Pharm Biopharm, 2019(144): 154-164.

EL MAGHRABY G M, WILLIAMS A C, BARRY B W. Skin
hydration and possible shunt route penetration in controlled
estradiol delivery from ultradeformable and standard
liposomes[J]. J Pharm Pharmacol, 2001, 53(10): 1311-1322.
BAERT B, BOONEN J, BURVENICH C, et al. A new
discriminative criterion for the development of Franz diffusion
tests for transdermal pharmaceuticals[J]. J Pharm Pharm Sci,
2010, 13(2): 218-230.

SCHMOOK F P, MEINGASSNER J G, BILLICH A.
Comparison of human skin or epidermis models with human
and animal skin in in-vitro percutaneous absorption[J]. Int J
Pharm, 2001, 215(1/2): 51-56.

NAYAK D, TAWALE R M, ARANJANI J M, et al
Formulation, optimization and evaluation of novel
ultra-deformable vesicular drug delivery system for an
anti-fungal drug[J]. AAPS PharmSciTech, 2020, 21(5): 140.
Doi: 10.1208/S12249-020-01681-5.

PEREZ A P, ALTUBE M J, SCHILRREFF P, et al. Topical
amphotericin B in ultradeformable liposomes: Formulation,
skin penetration study, antifungal and antileishmanial activity
in vitro[J]. Colloids Surf B Biointerfaces, 2016(139): 190-198.
RUKAVINA Z, SEGVIC KLARIC M, FILIPOVIC-GRCIC J,
et al. Azithromycin-loaded liposomes for enhanced topical
treatment of methicillin-resistant Staphyloccocus —aureus
(MRSA) infections[J]. Int J Pharm, 2018, 553(1/2): 109-119.
JAIN S, JAIN N, BHADRA D, et al. Transdermal delivery of
an analgesic agent using elastic liposomes: Preparation,
characterization and performance evaluation[J]. Curr Drug
Deliv, 2005, 2(3): 223-233.

ZHANG J L, FROELICH A, MICHNIAK-KOHN B. Topical
delivery of meloxicam using liposome and microemulsion
formulation approaches[J]. Pharmaceutics, 2020, 12(3): 282.
Doi: 10.3390/pharmaceutics 12030282.

CHOI J U, LEE S W, PANGENI R, et al. Preparation and in
vivo evaluation of cationic elastic liposomes comprising highly
skin-permeable growth factors combined with hyaluronic acid
Acta

for enhanced diabetic wound-healing

Biomater, 2017(57): 197-215.

therapy/[J].

o E AR 22 2021 4F 2 A4 38 454 4 1)

[43]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

KIANVASH N, BAHADOR A, POURHAJIBAGHER M, et
al. Evaluation of propylene glycol nanoliposomes containing
curcumin on burn wound model in rat: Biocompatibility,
wound healing, and anti-bacterial effects[J]. Drug Deliv Transl
Res, 2017, 7(5): 654-663.

EL-REFAIE WM, ELNAGGAR Y S, EL-MASSIK M A, et al.
Novel curcumin-loaded gel-core hyaluosomes with promising
burn-wound healing potential: Development, in-vitro appraisal
and in-vivo studies[J]. Int J Pharm, 2015, 486(1/2): 88-98.
DORRANI M, GARBUZENKO O B, MINKO T, et al.
Development of edge-activated liposomes for siRNA delivery
to human basal epidermis for melanoma therapy[J]. J Control
Release, 2016(228): 150-158.

LEE E H, KIM A, OH Y K, et al. Effect of edge activators on
the formation and transfection efficiency of ultradeformable
liposomes[J]. Biomaterials, 2005, 26(2): 205-210.

JIANG TY, WANG T, LI T, et al. Enhanced transdermal drug
delivery by transfersome-embedded oligopeptide hydrogel for
topical chemotherapy of melanoma[J]. ACS Nano, 2018,
12(10): 9693-9701.

KHAN M A, PANDIT J, SULTANA Y, et al. Novel
carbopol-based transfersomal gel of 5-fluorouracil for skin
cancer treatment: /n vitro characterization and in vivo study[J].
Drug Deliv, 2015, 22(6): 795-802.

COSCO D, PAOLINO D, MAIUOLO J, et al. Ultradeformable
liposomes as multidrug carrier of resveratrol and 5-fluorouracil
for their topical delivery[J]. Int J Pharm, 2015, 489(1/2): 1-10.
CHOI S W, OAK M H, YI E, et al. Preparation and in vitro
evaluation of elastic nanoliposomes for topical delivery of
highly skin-permeable growth factors[J]. J
Nanotechnol, 2018, 18(2): 887-892.

SONG Y K, HYUN S Y, KIM H T, et al. Transdermal
delivery of low molecular weight heparin loaded in flexible

Nanosci

liposomes with bioavailability enhancement: Comparison with
ethosomes[J]. J Microencapsul, 2011, 28(3): 151-158.
BAHRAMIZADEH M, BAHRAMIZADEH M, KIAFAR B,
et al. Development, characterization and evaluation of topical
methotrexate-entrapped deformable liposome on imiquimod-
induced psoriasis in a mouse model[J]. Int J Pharm, 2019(569):
118623. Doi: 10.1016/j.ijpharm.2019.118623.

CHENY Y, LU Y H, MA C H, et al. A novel elastic liposome
for skin delivery of papain and its application on hypertrophic
scar[J]. Biomedecine Pharmacother, 2017(87): 82-91.
IBARAKI H, KANAZAWA T, KURANO T, et al. Anti-RelA
flexible with  tight
junction-opening peptide as a non-invasive topical therapeutic
for atopic dermatitis[J]. Biol Pharm Bull, 2019, 42(7):
1216-1225.

JOSE A, LABALA S, VENUGANTI V V. Co-delivery of
curcumin and STAT3 siRNA using deformable cationic

siRNA-encapsulated liposome

liposomes to treat skin cancer[J]. J Drug Target, 2017, 25(4):
330-341.
CHOPRA A, CEVC G. Non-invasive,

immunisation with toxoid in deformable vesicles protects mice

epicutaneous

against tetanus, chiefly owing to a Th2 response[J]. Eur J
Pharm Sci, 2014(56): 55-64.
WU X J,LI'Y, CHEN X G, et al. A surface charge dependent

Chin J Mod Appl Pharm, 2021 February, Vol.38 No.4 -501 -



[60]

[61]

[62]

[63]

[64]

[65]

-502 -

enhanced Thl antigen-specific immune response in lymph
nodes by transfersome-based nanovaccine-loaded dissolving
microneedle-assisted transdermal immunization[J]. J Mater
Chem B, 2019, 7(31): 4854-4866.

PENA-RODRIGUEZ E, MORENO M C, BLANCO-
FERNANDEZ B, et al. Epidermal delivery of retinyl palmitate
loaded transfersomes: Penetration and biodistribution
studies[J]. Pharmaceutics, 2020, 12(2): E112. Doi: 10.3390/
pharmaceutics12020112.

VASANTH S, DUBEY A, G S R, et al. Development and
C-enriched
transfersome gel: A collegial approach for the treatment of
acne vulgaris[J]. AAPS PharmSciTech, 2020, 21(2): 61. Doi:
10.1208/s12249-019-1518-5.

CRISTIANO M C, FROIIO F, SPACCAPELO R, et al.
Sulforaphane-loaded ultradeformable vesicles as A potential

investigation of vitamin adapalene-loaded

natural nanomedicine for the treatment of skin cancer
diseases[J]. Pharmaceutics, 2019, 12(1): E6. Doi:
10.3390/pharmaceutics12010006.

DAR M J, KHALID S, MCELROY C A, et al. Topical
treatment of cutaneous leishmaniasis with novel amphotericin
B-miltefosine co-incorporated second generation
ultra-deformable liposomes[J]. Int J Pharm, 2020(573):
118900. Doi: 10.1016/j.ijpharm.2019.118900.

SONG H, WEN J, LI H, et al. Enhanced transdermal
permeability and drug deposition of rheumatoid arthritis via
sinomenine  hydrochloride-loaded  antioxidant
transethosome[J]. Int J Nanomed, 2019(14): 3177-3188.
OMAR M M, HASAN O A, EL SISI A M. Preparation and
optimization of lidocaine transferosomal

surface

gel containing
permeation enhancers: A promising approach for enhancement
of skin permeation[J]. Int ] Nanomed, 2019(14): 1551-1562.

Chin J Mod Appl Pharm, 2021 February, Vol.38 No.4

[66]

[67]

[68]

[69]

[70]

(71]

[72]

QUSHAWY M, NASR A, ABD-ALHASEEB M, et al. Design,
optimization and characterization of a transfersomal gel using
miconazole nitrate for the treatment of Candida skin
infections[J]. Pharmaceutics, 2018, 10(1): E26. Doi:
10.3390/pharmaceutics10010026.
MARWAH M, PERRIE Y, BADHAN R K S, et al
Intracellular uptake of EGCG-loaded deformable controlled
release liposomes for skin cancer[J]. J Liposome Res, 2020,
30(2): 136-149.
AVADHANI K S, MANIKKATH J, TIWARI M, et al. Skin
delivery of epigallocatechin-3-gallate(EGCG) and hyaluronic
acid loaded nano-transfersomes for antioxidant and anti-aging
effects in UV radiation induced skin damage[J]. Drug Deliv,
2017, 24(1): 61-74.
ABD EL-ALIM S H, KASSEM A A, BASHA, et al
Comparative study of liposomes, ethosomes and transfersomes
as carriers for enhancing the transdermal delivery of diflunisal:
In vitro and in vivo evaluation[J]. Int J Pharm, 2019(563):
293-303.
CADDEO C, MANCA M L, PERIS J E, et al
Tocopherol-loaded transfersomes: In vitro antioxidant activity
and efficacy in skin regeneration[J]. Int J Pharm, 2018,
551(1/2): 34-41.
JANGDEY M S, GUPTA A, SARAF S, et al. Development
and optimization of apigenin-loaded transfersomal system for
skin cancer delivery: In vitro evaluation[J]. Artif Cells
Nanomed Biotechnol, 2017, 45(7): 1452-1462.
RAI S, PANDEY V, RAI G. Transfersomes as versatile and
flexible nano-vesicular carriers in skin cancer therapy: The
state of the art[J]. Nano Rev Exp, 2017, 8(1): 1325708. Doi:
10.1080/20022727.2017.1325708.

Wk H3B: 2020-02-19

(R3CTE%: 1)

o E AR 22 2021 4F 2 A4 38 454 4 )



