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In vivo Fate of Functionalized Liposomes: Applications and Challenges
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[Abstract] Functionalized liposomes can improve the in vivo process of drugs to achieve high-efficiency
delivery by enhancing drug absorption, changing drug distribution and reducing the elimination, which is one of
the hotspots in nanomedicine research with broad application prospects. However, the drug information
published by official websites of National Medical Products Administration (NMPA) , the United States Food
and Drug Administration (FDA) , and the European Medicines Agency (EMA) shows that there are few
liposomal products on the market, and the domestic varieties are mainly generic drugs. Excepting for
polyethylene glycolized (PEGylated) liposomes, no other functionalized liposomes have been approved for
marketing, which indicates that the clinical translation of functionalized liposomes remains at a low level.

Therefore, the relevant reports of functionalized liposomes in recent years were reviewed in this paper, their
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application advantages and main challenges in preparation research and development were discussed based on the
in vivo process, and their low clinical translation mainly because of the insufficient clinical thinking, safety and
efficacy of functional materials, inaccurate in vitro and in vivo analysis methods and difficulty in scaling up
production. Meanwhile, the possible strategies such as introducing the concept of clinical multi-function to
improve clinical acuity, focusing on examining the modification density of functional materials and the
interaction between the modified materials, evaluating the drug delivery performance of functionalized
liposomes from multiple perspectives and scenarios, and conducting cost and convenience-oriented formulation

composition and preparation process optimization were proposed in order to provide a reference for the

development of functionalized liposomes and other carrier-based nanomedicines.
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Fig. 1 Schematic diagram of functionalized liposomes and their categories

2 e BE R Ry T A

Ty RE AL i J5T 1A i K P o R AT LA A 2 AL A
Xof A b ek AR L A4 245 W e AL P Y IR 0 L A
AR e HE M, WL IET 2, D A8 A AR BT 4K AT DL o 3 5
245 100 1) VS i P R IO R AR O 2 A B R L 2
SRR N TR RSN & - S e S A |
71 WKW pH 2459 AL 5T R A oA B B A OC L DB A
i SO A N DAL B AR A R T S B ) B 2
AR FTHE S8 FR A T B L 25 43 B A4 0 R 23 5 i
259y (¥ W% WS 5 PR 1D, 2y R A i 5 A T L SE 28 25
Wy 1 I B3k 2 T 24 R pe 0 i A A S
5, DIREAL R JBT AT 25 ) e 1A N 1Y 2% S BT B A AR
AN TR AR JBE 8 52 W), T 3 Jo s AR R 1) ) B A R R
B0 25 R Y R R T4 T 25 W R 9T RO
2.1 PEGILAR IR 5 BT ik 28 bk 13 5 2E A I
T3 25 5 W3 AR A B 28 8 MR A, R B R GRS kg b
KW BTG, 2348 3 SR A A0 L &R 48 (MPS) X iy
T W IR, 3% 2 52 W I T3 44 1A 10 A I ] (1 o 22 )3
PR PEG i oG M 2 7 5 B A4 1 L Al | 5
AT REME R G W) PEG il % 15 2 19 T 8 1k I o 14,
PEG W] 14 fin i o2 14 5 13 1853 =2 (8 @ HE % g, 77 AR
“RR B T RE T, kG AR T S A A A W T IR Ak

- 246 -

PREL . DREACAR B AR B 2 L 1

ERZ_BUEERE

FIRERRE

JE A 25 ) ) K D9 A0 B ] BB S 2 B
SHIk i #7329 PEG fl e BRI 5 4, JEA1 ] PEG
7 A B B R BTN B A A I T B R A AR
SEME L IS T W) AE R N T B, PEG 0 9 1R IR
TS A AR DA 2 0 0 e TR U W T 24 2,844,
R 1T 25 W A R P9 B TR ) A i T
P B 5 O 47 45 R PEG AE 5 B 5 04 2 AT LA
Wl /D 25 M B AN BRI S 2 Wy ) Wi, T B
IR TT ROR A B FR PEG L IIUEA i A4 52
HUIR SR A J55% 6 9 D43 R BB L vh 25 38R T T 4.8
5 BN BRI T 3.3 45200 X e v A Y A e 2
25 W) 4 48T I TR PN T s /b 24 ) A f B A1 4 AL i
T 7 P AN BN [ N 577 0 24 0 2ok e g A
T 42 T 25 9 i) W Wi i, H PEG R 9 4 1 K16 24 2
RE AT LA o i A PRI e R 4 U g 3 S Y B
ROV (EPR RONE ) 7™ A2 B B Sl 1) 2R 4R, 3 08 25 1) 1Y
HIFRORIF WA 25 ) 0 AR AL SRR RN . i
b, PEG FH T H A RE % 7 A5 KA P54 F A 48 1 A4
AN K B TR B UL S LA A 7 AR R R R
7 AR AL [ I 38 W] DLSE 3 R PEG TE I B
T A9 ) LA 2 P ORI ] i T A AR H SR AR BE T
B4 5 KOG 6 OIS PR 7E A2 J% AR B BRI P Y AR



5529 %55 3 ) HESXWHFFESRE Vol. 29, No. 3

202342 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2023
LT ki
/Jm;v& EE?:’%\
2
s, BT ,
#x .
% >
BOET. R AR W S HEELY) ERERAMERRAR
B |—
O, = L,
i | et \ | 4 /
Hett it Hett ERIK g
#E ERE BR. BB, EINE. BF WIEIER/AR T
. R BHIER
JERR (R + Hott)

B2 ZysFindEndE

Fig. 2 In vivo process of various drug preparations
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