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Progress in Application of Liposomes Modified Materials

HUANG Sicheng', KE Jin', JIN Wenbin', HOU Anguo*'(1.Yunnan University of Traditional Chinese Medicine,
Kunming 650500, China; 2.Key Laboratory of External Drug Delivery System and Preparation Technology in University of
Yunnan Province, Kunming 650500, China)

ABSTRACT: As a drug carrier with low toxicity and immunogenicity, liposomes have been used in the delivery of insoluble,
unstable and toxic drugs. However, traditional liposomes still have some defects, such as poor stability, insufficient circulation
time in vivo, and unclear active targeting, therefore, it is necessary to select appropriate modified materials to prepare liposomes.
The methods of modifying liposomes mainly include adding surfactants or modified substances to the membrane materials,
inserting targeted ligands on the membrane surface, or coupling the ligand with the membrane materials to form the liposomes
structure. This paper summarizes the commonly used modification materials of liposomes in recent years, explains the
modification principle and analyzes its advantages and disadvantages, so as to provide reference for the research and
development of liposomes.

KEYWORDS: liposomes; modified; stability; targeting

i B A2 25 W) B e X031 J2 A 3 Il )

P BR BRI AT —E L . SR | IR
IEINE . RSB GYRRENE | FEIREE )

TEVESF LS ITON 25O I . BRI Rk B
SR BRI AAAERETEAR S . ESE mPEA R |
PR NI ER I [ AN A2 25 R o ] 22 s i i 1 1)
WAMSENE . BB Tl e M S5 i AU
FOTRIER, DRI, 3 ek 3 v 8 1 1) 077 0k R Bl s i Tt
PRI R 2T B

RN T A S A S R o S WA S K A [
5o WRAENPRTEMI, Z5H S SR KR (B
P 5 AT R 5 R Bl i ) S i K R T (2 AN BR A
fik)o HTE R B K PERCE KSR, S RENR T4
A B I HESY LR R BB A I, 4R

Rtk BN BT 7 i AT . AR o
N M B AP E P BT, 7 B T ik A ) 7T
Py, SR e R [ 15 Ik (] 20 AR I 1A &%
P o AR S b S GE IEAR R B TS B LA () b
BE, AT RIS, SRR BUATT & R AL 4
1 ETHIEREMEE
1.1 PCPEEERE Sk i A i B

il 5 N A () i Fig 22k B R OB AR 5 K
DNBERE, ULZRBERS A RIRRIE AN A ERE , ®
SRRz . A ARG, (H R AE AT A
5y B A KoK A A B W e AR A R BR
WINAEAEZR E, 4iE R C T R EPTA
AN AR, T R e A A5 s TR D i
PR, BRSO AR B, A BT A B AR AL R

EE&WE: ZmaRHI5 H [2018FF001(-030)]; 25 4 i 241 5 5 S0 30 28 #8111 901 H (2019YGZ03)

fEEE: SR, 5, Bihg

PR AN 252 2022 48 10 A4S

39 & 19

E-mail: 1057506360@qq.com  “BIE{EH: LHE, J, Wit, #F

E-mail: 1324491101@qq.com

Chin J Mod Appl Pharm, 2022 October, Vol.39 No.19 - 2567 -



FERAG, RRE MR, Zou SFPIH I AL N EWE
Pl 5 BEEE RS IR POk, GERER, H
Zeta BUAAHEEL TR, A7 ] — K BPEREED LT o
5 M i L B AT DAY R RN A L B
5N AR BH 5 5 iR oA o iy A Fi Ay O R
JR A B2 5y 55 AR 0 25 5 F A kD), HAL S
PEREIR AR BT, Zeta HUALZEXTE/)N, FosE PREL
2o —JBCATAE RS FR oI Al B AT O I, A
WENRTEH I BEARIR .+ /\MSE, AR R A
il B A Z 1] 7= A HE T, A S, A4
YriR Y . AR S R B 1

R1 TR EREERK
Tab. 1 Different phospholipids and their charge numbers

WENRFhE BERRILMI RS X ST ¥ L
W N ot FIEL Bk - + 0
G 2 B - + 0
Wil B2 2R - +- -1
BEARBEH b - -1
WEARm - -2
IR LR - -1

W X OWEETERR /NI E Y.
Note: X was a small molecule compound linked to phosphoric acid.
1.2 R P (polyethylene glycol, PEG)

PEG B—MERKMEREY, RefElgiiik®
TR S — 2K A0 HE, w] BHAS AR AR 0 5 K &
AR EAEHT, DATITSL/ D4 EAA L I A i 2R e P i
Br, (IR MIRIEAE B, 1 PEG &1
(IR BT AR Ry “KAFE R AR 5 BRIE AR BT .

TERR AT % b, H R EECIA S PEG
WRJEVE M REAE , 5 A A s Ik ol i 1 < T -
PEG-2000(DSPE-mPEG-2000), ‘1 & 4 & /K 43
Ft 3%~10%. Cheraga SE0P1H| 48 1 BLVD R AE A
e A, it WO T I e H A K BRAA Y Y
SR, A5 WoRHAEY R R IR 5 £,
PR EER

HREE TR A , PEG 1LAR i {& (PEGylated
liposomes) /77 8 . PEG % A9 %S 8] 432 BELAE FH A1
il 240 0 i BT A Y B RO A R AR R

“INE ML B (accelerated blood clearance,
ABOMA, X — RIS R PEG “F
57 B R A DU 2 — D RIR R .

1.3 FILALEE 80 it 80)

nhi 80 sk By ALK IS M), 3

AN FKERA IR, BABMIEKME,

-2568 -

Chin J Mod Appl Pharm, 2022 October, Vol.39 No.19

AT T AR B AR, 2R K i 2R A S B IR
B2y, i TRZERM, ESA —EE
FERGERZ, T A RUREE, Bk As BTl
A E RAERS FUITE, WIMTHE & T P i e 1P,
A, Nageeb SEUORFGY K M Zent il 80 1M (1 I
oA AT 38 i i R - S A R ) ik 3 80 5 Y
WA R B & AN B> ¢ 2, RSB RE g A IR
HIEH

- 80 YEA— 1 RAY, HAiE kK,
Al EE Rk 80 N LB PR, WA T A
PIRR L, K Hm ™ i & A A sl i Al . R
FE P B AR U kiR 80 FH RS, T
fes g R MU AN B!, itk H AT EE
S WLRI S, RS 43 A T A 550 280 >R P e ik
S22, BRI Tz N
L4 HIKT

TA I VD IR Hh SR % £ M (polyethylene oxide,
PEO)FII & N i (poly propene oxide, PPO)F4JAYHY
PEME S B IR Y, 38 PEO,-PPO,-
PEOu, se—FflimaTFdEsFRmEMM . 1msy
s PEO 5 AT lnt /K Ak hoe BeRE Lk 1/ M Y
RAEE, KRN TERRRT ], FAHLH S PEG
AU s v i R PPO ik Br H A Bk,
RE 0k 470 21 B B P BERE SUZ B, R S5 E B
T AR/ ST AR SR T i Ik S A0 2R TS MR
JEBL H PEG FInL R 80 T I 35 9 B A 34160

A I v AREIRIS T IS IR IR 5 )5 45 A
g N R R AW i N SR N IDA S Y-S
iR BT B AR SR T 1T O [ T A SRR
i1 B 2 LA U A T A AR PR B A K . Lial'®)
ARG TINs Wl sk, HEASRE
PESIRAIM M, & — PR B R LR A
1.5 fifE, B

555 0 B T AR i AN () L 437 0 e i R DL [ e 24
B, G e o A 4 o R A R L
7R A E A 1 S M R VR RO E o K
HEH IR ARG, AT kG B A JH [ RS, T ]
RE 23t il — e 4x R R, Ao FR HA 2021 I [ Pt g
W FAMAN 0 BB, S EU Bk
JEANH A Ol AS RO, LA K =5 A I 2248 0 i
EPIA

B R A S E RS H AL, T
AT R, BAYUME . ik, M.
P e g 7 LA KR AT AR PA L i B 22 P 2 241230,

P E SR T2 2022 4F 10 A48 39 545 19 31




KM MARE . EeARNEE. B8
8 J AL Ty Hp ) L [ 24260 A ST AR A UL e )
BEA, [FIRHE R B 2 — 38 0T 54028 25 4 & $5
FIFEFT, 4 5 s A i 245K

Hong %5271l £ A5 IR B A S B4 Rh2 i
FlAk, BRI R, S IE R T A
Bife, BRI, HEA B RIEH
VB LL S PR RHT B YT AL Ma A58 280 85 A B R
B 0 BE BT AINBR FLAR , EakEhmm &R, i
JER B R . R —, HREEME, Wi
AR AT AT B8 R A7 AE D R B 7
1.6 FERME

FERBER M RRZH, B ZHE MR
DL R B A AR s . A W R A A 0 o fi
PERV, Aty B H a9 R T AR 57 L H A 1) e SR BH A
S B E A EAE B, DU Se R AR
g T 1A 1y Y2 35 2 R ) SRR VE T, Rl ST R M X )
W B RUZBER T, B e RS IR iR, B
I T 2i1Eis 250,

FC IG5 N o AR T B
PITFAERBA, OISR Zeta HLA7, fHif5407[R]
Fofr b g AR i 22 D AH B HE R 4R RS 2 TEAS s @5%
RO f AR IS WU T2, BRARIB shik:,
W 5 AR BT B, B m MR AT BT D) fE
PrEABE ST . Zhou SEDSIEI £ T 72 MR B i 1) 25 3%
Z A, HAERRTE (pH<S) 5 B iR 3755 (80 °C)hiy
HAE R, AEnH T 285200,

2 ETApEZHEm
2.1 R

MRRBHRAEAER By, 56 ML AM T
iz, SnRziRA mEEE, JRr S H LA
o MERSZRTEIE H ALV B h RARKFRIL,
T AE— S R 21 21 LKk, HLRRBE MY
O MEFRRE . o R R, iR
WRAERE ) 5 25 R GE A 20z Y,

Bu BT B Y MR - AR 5 AT A 9 (folate-
PEGa000-DSPE) il & bl 85 R AR 1A, LIS i g 1
TP 965 400 0 11%) 245 0 B ORI A A% S o, AT s
]335 53 P2 200 A R0  Zhu 2559Vfgi il DSPE-PEG
F1 DSPE-PEG-FA il 7 iR &1 1) — S8 Ak it fig oz
T, B G bR S e v 5 2 R
2.2 HEEE M (transferrin, TF)

TF B8k FRMEHE A . R A=
TF P FZORIE, I H ARG 4 X Fh 43+, TF 7]

PR 2% 2022 48 10 H 55 39 #5719 )

DU i 5 2k B 1 32 /K (transferrin receptor, TFR)
GBI, HERHANSERAS . H T R
G i 1 B R A R, RPER R SR AR HE N, M Xt TFR
it M, TFR (S B2 60 B N VEFHIEAE b
SR AR P S K RIS RE T, MO A 1
HObR, SEHLUMR R IR YT R EH AR,

RenP*Ufi ] TF &4 s RGBT, 45 RRW]
B I B 25 By 5 3ok Ik e e, R AT — 2 ) ik L )
P, Moghimipour SV £ T TF &1 AY 5-F8 K
BESR IR, MTT ki s FXIE & i ot , ol
U5 I A M bR R T
2.3 REFUM

EIUME el AR mAa eI 2
AR (22 MRV FRAR AR 1 2 1A I 3k, B B S TR
KUzl D-PILHEEL N-S W FLMi &
Y, AR NG, e 2
WEERE S ARG B, B /EH, BHErE
ST RO 259, D8 24 0k oAt AR HE ) 2H 21
RN =93 A

P SRR, A IR B py & i
Wy HAB M 0 T B3R A% . Nie 25040 di P 1k 4
U N-C IR U i 55 E ] P I5¢ 1 A5 B o
(A1 @ B e S I N i AR N BB N
I i BRI AR S 4, HALH 32
PR T S T AR A 3 3l N BT 2 3
2.4 MEY PR (sialic acid, SA)

i Ied TR A TP A AR A B AR 22 1Y LR AT i
2 5 SR TR A L, BRSO IR A DG 4
Jitd(tumer associated macrophages, TAM), TAM £
H5TMgEREE . Wi, REMEREZ TR,
o 5 MR A RS S IEA G, TAM i)z
FEEMEIR IR Z A, T 5 MR R S g /1), il
¥ SA BN T 4K 2k A4 SR TH FT SE B TAM #a]

Li AU R 1 M I IR ] et ) S B ol 25 22
FHAERREIA, AR R T SRk A 5 B WY
e . Song SFMIFSE TORRIEE K SA 9E
PESRCEAE, AT SA-T/\ BBy, 5

BRUARZE G, B0k 5 e ki
2.5 EWIFR

B TR = — R 1 R A 2k 20, AR
AR5 5 BRI BT %) B B AR Ay, HLORIE T Al A
B gty , BA RAFAEYRESYE . TS T
PR, Az R E 2B 1 CD44 U S AR
M. BRI SRS, & RS2 AT Z i

-2569 -

Chin J Mod Appl Pharm, 2022 October, Vol.39 No.19



A B R, IR B AR VR T 2
ST IR ANFI R A7 A IR 179 B F P T AT P 25 7B
RN RN Liu S99 35 BH SRR B i 1
ERRIE A, Zeta LA A(-52.36+£1.91)mV, Fa5E
PR, JFEA 0 g i g
3 ETEBAIFEHURER
3.1 pH U

IEWHAL 5 MK pH {E7E 7.0~7.4, iR
2 AT AR e OB TR A R 38, W TR ol A A A A A
LR, DT 2O 4R AR A pH IR T IE B 412 2
BRRMEDY, FE 37 CIAREN, A0S pH(6.5)
I AR T IR P Y pH(7.4), HLVA ARSI N 10 pH
IR T A R pH, FIH pH AI225, 1K
J SR A ] 24 e R 1 b R R A R 2 B

T 38 A ST A A )2 FEE Tl A — 2 )
T A28 Al Tt £ T Jg 50T T 1 B b R ] e~ % P R
B o] WA 7 B8 BT AR pH OB PEDA ) FE R MR A 4R
(pH 4.5~6.5) 5511, B BRSNS %5 1 XUZ 25 44 A8
RIS FAARZER, TR 3,
3.2 Ay

FRELNR AR P s B AR AR I B X —
S E TR, R A IR R U B . FE
IERAIRT, PO AR AR 5 2 35 HE S A G
A, WHGYMELLE S G B EY Ok, Yk
IV AG 2 28 3 94 in R i) 08 2 B Bl A4, Jm)
R R AR iz AR, R BRI 1Y 45 &
AR, TR AR 55 08 (S b ST AU )2
R FLE A A, FEEE YRR,

PRI R BT A BA AL — A FH A o ol S ot
R8BI Tw=41 °C)P*) | ZHFAHIERE AR TEE T (Tm=41 C)
BN IR ARAR R BE 1 2 S IR DO B i e AR
RN o T SFEART A LA B A AR T
B RGBT & T2 8 0, AR, BT
PR BRIz N H
3.3 i

Y8 7197 1 (photodynamic therapy, PDT)/&7E
JRTBLH A A B 25 TORRIGR, DR DK AR IR
S, ARG BIGR) 52 AR T R 4R (reactive oxygen
species, ROS), ROS il i A L3 /E H ik R 40
MRS RITIRE , 5 A ¥R A0 A A IR T AN IRAE gk
TRAMESTE:, & FRCEGH A — Sy e6, (HRKZ
BOCHON R A B80S A S R )
2208 CROLHG R TR BUA T, AT RAESE

-2570 - Chin J Mod Appl Pharm, 2022 October, Vol.39 No.19

BOR R AR T , 3 n] SRy 7 25 W S B[R] Bt
R

Peng PNt 1 L BOLHGH —Eh sy e6 51k
I7 25 )BT R A SO FR AR B, A AN [a) i 1]
SOGTAar R /I U R 07 RS R TR, A5 SR R
THER T>90%1 i , BA BB Mfrs R 5% 20,
H T Visudyne(71:5F FHAERA 77 AR B4 & FDA M
T I FH G A A RS ) Al A
3.4 i

TR NG B AR S 245 ) 15 W e o 3 () 40, 28 1
BERR XL T2, AT LIRSS 51 S (BE R T
BN LR R ), B T RE XN Y
R BRI o B NR BRI R AR R 2 2
B/, A YRR RE ), JFAE ALK b
PAAEIRITAERT, BT A RN AT R A AR
PEL EYRERYE . BRSO EE, — e T A
REHE RS o F B REPE R B = A — 8k (y-
Fex03). VUL =8k (Fe;04) %160,

Vlasova ZEUHFSE T AR NG A4 ) il 2% 1
PEEACBRNRBUR, JFEAT3RAE, EWIREPENR B4
()RR 25 ke T B M 2H B IR 9 EE . Zhu
SEOADIRRMER FesOq METE AN 25 10 2
BLE MG AR B, WS T W 2R
A= W) B B AL A G B A ]

4 RE

REUAJE TS A TEIR R, IR IR B
WAEAF UM 5 R AR . Bl & LUK BTN,
U EE A . 20 280, MR . R
(LS A X 25 Wi i B i ) BRAS E M 5[] I
JI§ 5 B E A A AR E . B A KAk, 3R
TET A WA R E 2 i DRl PR AS e PR A E T B B
i — B bR AN, B RTAR BB 5T ]
AR R BT T0, Blank PEG S5
1R 56 B A IR AT AT, T [ B K3 S B A4 A0
IE S ]

B G B MELLE 2 TIF LMY & E
SR o R T B, T T HABNE &% R Ge
FRIRTY, PR T IR SRR N HIVE R . BNzt se
SROMAG W 4 I B A ] 28 4 2ok 6 R IS, A
WS | TV T ) S5 A O A L SR B AT
TR RS, WA e S5 B0 I A DCHE £
KA A B, AR g BAT n] A 1 5 4 SOk
MEIRYE, MREIAEA BRI KI5

P E SR T2 2022 4F 10 A48 39 545 19 31



REFERENCES

(1]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ZHANG B. Effect of membranes with different phospholipids
on the stability of liposomes[D]. Zhengzhou: Henan University
of Technoligy, 2016.

ZOUM S, ZHONG S Y, ZHOU L L, et al. Preparation process
of galactosylated liposome of modified cantharidin[J]. Chin
Tradit Herb Drugs("1 5 24), 2018, 49(12): 2809-2816.

YANG Y F, XIE X Y, YANG Y, et al. A review on the
influences of size and surface charge of liposome on its
targeted drug delivery in vivo[J]. Acta Pharm Sin(Zj=£2%4R),
2013, 48(11): 1644-1650.

YUAN S, SUN H M, DING L X. Progress of physical and
chemical stability of liposomes[J]. Chin Pharm Aff(*'[E245),
2011, 25(4): 384-388.

CHERAGA N, OUAHAB A, SHEN Y, et al. Characterization
and pharmacokinetic evaluation of oxaliplatin long-circulating
liposomes[J]. Biomed Res Int, 2021(2021): 5949804.
MISHRA S, WEBSTER P, DAVIS M E. PEGylation
significantly affects cellular uptake and intracellular trafficking
of non-viral gene delivery particles[J]. Eur J Cell Biol, 2004,
83(3): 97-111.

ISHIDA T, MAEDA R, ICHIHARA M, et al. Accelerated
clearance of PEGylated liposomes in rats after repeated
injections[J]. J Control Release, 2003, 88(1): 35-42.

ZHANG D, XU H, HU M N, et al. “PEG dilemma” for
liposomes and its solving approaches[J]. Acta Pharm Sin(Zj2#
2:4R7), 2015, 50(3): 252-260.

XIA S Q, XU S Y. Ferrous sulfate liposomes: Preparation,
stability and application in fluid milk[J]. Food Res Int, 2005,
38(3): 289-296.

NAGEEB EL-HELALY S, ABD ELBARY A, KASSEM M A,
et al. Electrosteric stealth Rivastigmine loaded liposomes for
brain targeting: Preparation, characterization, ex vivo,
bio-distribution and in vivo pharmacokinetic studies[J]. Drug
Deliv, 2017, 24(1): 692-700.

SCHROTER A, KOULOV A V, HUWYLER J, et al
4-hydroxynonenal is an oxidative degradation product of
polysorbate 80[J]. J Pharm Sci, 2021, 110(6): 2524-2530.

HE Y X, DING X S. Study on the hemolysis of tween 80 in
vitro[J]. Anhui Med Pharm J(% #{ 1% 25), 2014, 18(3):
444-446.

LIZH, WANG HL, LIU Y T, et al. Study on mechanisms of
anaphylactoid reaction induced by Tween 80[J]. Chin J New
Drugs(PEFTZIZ45), 2016, 25(23): 2664-2669.

LIANG X M, MAO G Z, NG K Y S. Effect of chain lengths of
PEO-PPO-PEO on small unilamellar liposome morphology
and stability: An AFM investigation[J]. J Colloid Interface Sci,
2005, 285(1): 360-372.

WU G H, LEE K Y C. Interaction of poloxamers with
liposomes: An isothermal titration calorimetry study[J]. J Phys
Chem B, 2009, 113(47): 15522-15531.

ZHANG W L, WANG G J, SEE E, et al. Post-insertion of
poloxamer 188 strengthened liposomal membrane and reduced
drug irritancy and in vivo precipitation, superior to
PEGylation[J]. J Control Release, 2015(203): 161-169.

LI X Y, CHEN D, LE C Y, et al. Novel mucus-penetrating
liposomes as a potential oral drug delivery system: Preparation,

in vitro characterization, and enhanced cellular uptake[J]. Int J

PR 2% 2022 48 10 H 55 39 #5719 )

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Nanomedicine, 2011(6): 3151-3162.

LI Z L. The effect of pluronic modification on the structural
characteristics, stability and cytotoxicity of liposomes[D].
Nanchang: Nanchang University, 2019.

SADEGHI N, DECKERS R, OZBAKIR B, et al. Influence of
cholesterol inclusion on the doxorubicin release characteristics
of lysolipid-based thermosensitive liposomes[J]. Int J Pharm,
2018, 548(2): 778-782.

SZEBENI J, BARANYI L, SAVAY S, et al
Liposome-induced pulmonary hypertension: Properties and
mechanism of a complement-mediated pseudoallergic
reaction[J]. Am J Physiol Heart Circ Physiol, 2000, 279(3):
H1319-H1328.

MOEIN MOGHIMI S, HAMAD I, BUNGER R, et al
Activation of the
cholesterol-rich and PEGylated
cholesterol-rich liposome-mediated complement activation by
elevated serum LDL and HDL levels[J]. J Liposome Res, 2006,
16(3): 167-174.

TAGUCHI K, NAGAO S R, YAMASAKI K, et al. Biological
responsiveness and

human complement system by

liposomes-modulation of

metabolic performance of
liposome-encapsulated hemoglobin (hemoglobin-vesicles) in
apolipoprotein E-deficient mice after massive intravenous
injection[J]. Biol Pharm Bull, 2015, 38(10): 1606-1616.

LIAO Y Y, LI Z X, ZHOU Q, et al. Saponin surfactants used
in drug delivery systems: A new application for natural
medicine components[J]. Int J Pharm, 2021(603): 120709.
JOVANOVIC A A, BALANC B D, OTA A, et al
Comparative effects of cholesterol and f-sitosterol on the
liposome membrane characteristics[J]. Eur J Lipid Sci Technol,
2018, 120(9): 1800039.

SRIHERA N, LI Y, ZHANG T T, et al. Preparation and
characterization of astaxanthin-loaded liposomes stabilized by
sea cucumber sulfated sterols instead of cholesterol[J]. J Oleo
Sci, 2022, 71(3): 401-410.

CHEN L X, DING Y, SHEN Z W, et al. Research progress on
role of cholesterol in liposomes and replacement with sterols
and saponins[J]. Chin Tradit Herb Drugs(' % 2y), 2020,
51(24): 6396-6404.

HONG C, LIANG J M, XIA J X, et al. One stone four birds: A
novel liposomal delivery system multi-functionalized with
ginsenoside Rh2 for tumor targeting therapy[J]. Nanomicro
Lett, 2020, 12(1): 129.

MA N H, LU L, DING Y, et al. Preparation of doxorubicin
hydrochloride and timosaponin Alll co-loaded liposomes and
determination of encapsulation efficiency[J]. Chin Tradit Herb
Drugs(-#2Y), 2019, 50(1): 69-75.

YAROSLAVOV A A, EFIMOVA A A, KRASNIKOV E A, et
al. Chitosan-based multi-liposomal complexes: Synthesis,
biodegradability and cytotoxicity[J]. Int J Biol Macromol,
2021(177): 455-462.

EFIMOVA A A, POPOV A S, KRIVTSOV G G. Anionic
liposomes in contact with cationic chitosan particles[J]. Russ J
Gen Chem, 2020, 90(11): 2156-2162.

KUMAR S, DUTTA J, DUTTA P K, et al. A systematic study
on chitosan-liposome based systems for biomedical
applications[J]. Int J Biol Macromol, 2020(160): 470-481.
CHEN Y, WANG K, ZHANG L L. Research progress of
liposomes coated with chitosan for drug delivery[J]. Chin J

Chin J Mod Appl Pharm, 2022 October, Vol.39 No.19

-2571 -



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

-2572 -

Mod Appl Pharm( " [ B A% 57 H 25 2%), 2021, 38(10):
1251-1256.

ZHOU W, CHENG C, MA L, et al. The formation of
chitosan-coated rhamnolipid liposomes containing curcumin:
Stability and in vitro digestion[J]. Molecules, 2021, 26(3): 560.
KUMAR P, HUO P P, LIU B. Formulation strategies for
folate-targeted liposomes and their biomedical applications[J].
Pharmaceutics, 2019, 11(8): 381.

BU Y Z, MU L M, LIU L, et al
folate-conjugated epirubicin liposomes for enhancing the

Construction of

cellular uptake and the co-localization with nuclei of invasive
breast cancer cells[J]. J Chin Pharm Sci, 2018, 27(4): 229-240.
ZHU J J, CHEN X J, YAO W D, et al. Fabrication of A folic
acid-modified arsenic trioxide prodrug liposome and
assessment of its anti-hepatocellular carcinoma activity[J].
Digit Chin Med, 2020, 3(4): 260-274.

WANG X. Study on cellular penetrating peptide and
transferrin co-modified liposomes delivery doxorubicin system
for anti-glioma[D]. Changchun: Jilin University, 2019.

REN J.

liposomes

Preparation of transferrin modified curcumin
and the
Shijiazhuang: Hebei University of Science and Technology,
2019.

MOGHIMIPOUR E, REZAEI M, RAMEZANI Z, et al.

Transferrin

study of neuroprotective effect[D].

targeted liposomal 5-fluorouracil induced
apoptosis via mitochondria signaling pathway in cancer
cells[J]. Life Sci, 2018(194): 104-110.

ZHANG Y X, ZHANG X F, ZENG C X, et al. Targeted
delivery of atorvastatin via asialoglycoprotein receptor
(ASGPR)[J]. Bioorg Med Chem, 2019, 27(11): 2187-2191.
NIE H, QIU B, YANG Q X, et al. Effect of gal/GalNAc
regioisomerism in galactosylated liposomes on
asialoglycoprotein  receptor-mediated hepatocyte-selective
targeting in vivo[J]. J Liposome Res, 2021, 31(1): 79-89.

LIT, SONG Y Z, LIU M Q, et al. Investigation on anti-tumor
efficacy of sialic acid-modified doxorubicin liposomes[J]. J
Shenyang Pharm Univ(¥k FH 258} K222 4)), 2019, 36(9):
755-759.

MOEINI P, NIEDZWIEDZKA-RYSTWE] P.

associated macrophages:

Tumor-
Combination of therapies, the
approach to improve cancer treatment[J]. Int J Mol Sci, 2021,
22(13): 7239.

LI C, QIU Q J, GAO X, et al. Sialic acid conjugate-modified
liposomal platform modulates immunosuppressive tumor
microenvironment in multiple ways for improved immune
checkpoint blockade therapy[J]. J Control Release, 2021(337):
393-406.

SONG Y Z, HUANG Z J, LUO X, et al. Pharmacodynamics of
liposomes modified with different chain length of sialic acid
derivatives[J]. Acta Pharm Sin(Zj % %), 2016, 51(2):
316-324.

ZHAO Y X, ZHANG S P, ZHANG F, et al. Inhibition effect
of hyaluronic acid targeting modified matrine liposome on
murine H22 hepatocarcinoma[J]. China Pharm(+ [E24\l),
2018, 27(16): 5-7.

LEE S Y, KANG M S, JEONG W Y, et al. Hyaluronic
acid-based theranostic nanomedicines for targeted cancer
therapy[J]. Cancers, 2020, 12(4): 940.

QIAN Y P, LIANG X, YANG J Y, et al. Hyaluronan reduces

Chin J Mod Appl Pharm, 2022 October, Vol.39 No.19

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

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.

LIU D, ZHANG Q, WANG J, et al. Inhibition of growth and
metastasis of breast cancer by targeted delivery of
17-hydroxy-jolkinolide =B  via hyaluronic acid-coated
liposomes[J]. Carbohydr Polym, 2021(257): 117572.

GONG C, LIAN M M, ZHANG D P, et al. Advances in
pH-sensitive liposomes with acid-labile chemical bonds in
tumor therapy[J]. Chin Med Biotechnol(" [E [ 25 4= 15 K),
2019, 14(2): 164-170.

KARVE S, BANDEKAR A, ALI M R, et al. The
pH-dependent association with cancer cells of tunable
functionalized lipid vesicles with encapsulated doxorubicin for
high cell-kill 2010, 31(15):
4409-4416.

MONTEIRO L O F, MALACHIAS A, POUND-LANA G, et

al. Paclitaxel-loaded pH-sensitive liposome: New insights on

selectivity[J]. Biomaterials,

structural and physicochemical characterization[J]. Langmuir,
2018, 34(20): 5728-5737.
PALIWAL S R, PALIWAL R, VYAS S P. A review of
mechanistic insight and application of pH-sensitive liposomes
in drug delivery[J]. Drug Deliv, 2015, 22(3): 231-242.
ABRI AGHDAM M, BAGHERI R, MOSAFER ], et al.
Recent advances on thermosensitive and pH-sensitive
liposomes employed in controlled release[J]. J Control Release,
2019(315): 1-22.
BI H S, XUE J X, JIANG H, et al. Current developments in
drug delivery with thermosensitive liposomes[J]. Asian J
Pharm Sci, 2019, 14(4): 365-379.
WU Y, CHEN J, FANG Y, et al. In vitro transdermal
permeation and penetration properties for transfersomes of
brucine[J]. China J Chin Mater Med(*[E Hz5Z4ik), 2016,
41(16): 3009-3015.
ZHANG Q Y, LI L B. Photodynamic combinational therapy in
cancer treatment[J]. ] BUON, 2018, 23(3): 561-567.
CHENG X M, GAO J, DING Y, et al. Multi-functional
liposome: A powerful theranostic nano-platform enhancing
photodynamic therapy[J]. Adv Sci (Weinh), 2021, 8(16):
€2100876.
PENG P C, HONG R L, TSAI T, et al. Co-encapsulation of
chlorin e6 and chemotherapeutic drugs in a PEGylated
liposome enhance the efficacy of tumor treatment:
Pharmacokinetics and therapeutic efficacy[J]. Pharmaceutics,
2019, 11(11): 617.
MA L X, YU L. Research progress of magnetic drug carriers
in antitumor[J]. J Pharm Res(Z4§ 2% WF %), 2019, 38(4):
225-228.
VLASOVA K Y, PIROYAN A, LE-DEYGEN I M, et al.
Magnetic liposome design for drug release systems responsive
to super-low frequency alternating current magnetic field (AC
MF)[J]. J Colloid Interface Sci, 2019(552): 689-700.
ZHU H M, XIE Y, XIE B, et al. Pharmacokinetics of
hydroxycamptothecin magentolipsomes in rats based on
microdialysis sampling technique[J]. Chin J Exp Tradit Med
Form(*} [ 55675 |24 445), 2017, 23(18): 64-70.

Wk HYl: 2022-01-17

(B34 BRiRL)

P E SR T2 2022 4F 10 A48 39 545 19 31



