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Abstract

Liposomes can accommodate hydrophilic and hydrophobic drugs within an aqueous core and lipid
bilayer, respectively, while their membrane composition and surface chemistry can be engineered to
alter drug retention and biological interactions. Conventional characterization often emphasizes par-
ticle size, polydispersity, zeta potential, encapsulation efficiency and ligand density, but these meas-
urements represent a formulation at a defined time point. Experimental studies show that liposomes
may undergo structural and interfacial changes during manufacturing, sterilization, storage, expo-
sure to biological fluids, cellular uptake and repeated administration. This narrative review reorgan-
izes evidence from verifiable liposome studies on drug-in-cyclodextrin-in-liposome systems, mem-
brane chemistry, multilamellar-multivesicular structures, protein corona, biomimetic membrane coat-
ing, extracellular-vesicle/liposome fusion, PEGylation and manufacturing. A state-transition-function-
retention perspective is proposed as an organizing framework rather than an established theory. The
central implication is that formulation attributes measured at the initial state should not be treated
as stable surrogates for in vivo performance. Instead, the intended function of a liposome should be
evaluated across relevant transitions from formulation to manufacturing/storage, biofluid exposure,
intracellular processing and repeated dosing. Future work should integrate longitudinal characteri-
zation of the same batch, human biofluid variability, repeat-dose immunology and process-quality at-
tribute-bioactivity relationships, in order to enhance the reproducibility and translational interpret-
ability of liposome research.
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De Franceschi 55 ] FH IF [&] B2 422 1) DNA #4 B 5% AR 8 1544 &, A1 i 442 i stomatocyte F1T dumbbell
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AN G IR AR A S R . B, Salvati 6B, FEEE A DhREAL AR IR TE AE A o
IR F TR A JLHE AR R R R FR[6] AHORHITFUR R, R R AR T R 0L N # R R
KRG, FEESGOR AR RS B AT AR B AT e 52 ) R 1 R PR A 2K [16]
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4.2. GA-Lipo: BERBEHELATZITEE
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VB Rt — 25 BRI , #4553 08 1 1) DX fiT£E4) DXdd S FE25 %\ £ 100 nm [¥) GA-lipo, T
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HOHIAE FI[20]0 120 FEUE A, SRS A IR S e 2 vT LA T AR DR A4 AT A M ) A= P TR AE , (H L85 LR T4
SKIRAHML RIS AR . AR AR 7 ) R AN, 7 S R 2 T R A S M B T R (AR
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PEG b2 I A4 i e e B K AG IR B i 2 — . B fENR AR 51\ PEG, 1] DARCAR 8 (0% B AN R
R S RN B AR A, AT RS EIA AT A[16] - K11, PEG fh A A& 55 77 8 AN G2 JJ s JE < 1 [ 2 J@ £ - Ishida
SR ORI, PEG LR A 5 A R 5 AT BN If 37 4k (accelerated blood clearance, ABC), 51
FFE RN PEG FratE IgM RAMAFH OGS FRER Rtk [N, EAFIEMADHETAREH S HIZI SR
[7].

Borresen S5 7E R iR &35 RO SR 70 E— D4R, B 58 PEG AL IE A& AT 3 ABC, 48 Hiix
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A, IR IS5 I B S AMAS S AH OGS R 2 TR RO 2R [9]. R EERMZ, Bt PEG buffks th #6323k
D75 1R TS NI, AN [R5 2 18] () B AG)AS R T 2 B T A

Rtk % T 75 E 2 ARG MR TR, AT B0 E 2 ARAT LR A 7R . S F AR TH R
TEE SR N R M B2, LU0 . Fi PEG Fifk. *MAM L8 05 LA SR IT RN, MM “K
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B E Smhife . ¢ AT RIBENE & & i IE W R BN RAR R[10]. 1245 F 2 757 52 g o f 5
G2 T IRTF I, (R DAV K B i R AN REE T N “HC 7 58 JE I BB 387 o
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AR O 2R IR AT B Ja AL FRRI DGR & R Ve IS AT 8 &, DR s R i il e /1[23] i
&1t (quality by design, QbD) &5, MM CHEYIEEEACH T2 25k, v X ER
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Mg KE SRS, RETZ5ENEMNR, S2 AEYRAT S, RKIEERAW. AMEMEART
Ptk S3 MM KNS, RIERIG. WA A REOM BT B4 S4 NERRES, RIERZILL.
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