Reviews and Monographs ERud=gars

0) )L S i R
Progress in Biochemistry and Biophysics
' l12024,51(11);2947~2959

www.pibb.ac.cn

TheEe b Rg B ke LA iE iR R A =1
3o 32 FP R N R

ERAZY ZKELY BMERY sk AR FOEY oY
i!l:i;%zj)** m‘;;":—;}%—l)**

(Vb R R B, PROE 0710005 2 EAR REE IR SIEEER, AR IR B R A IR A S0, LAt 1001915
Y E AR R S E SR TR, dLAT 1000835 ¥ LRI B £ R S b A I B, ZR R 066004)

WE MYIRKR Y RA T Z B, TE25Y) R Bh R B A, (RIS DURLP G B AR ST AT S AR E TR
Ko HYIERKDINRBGRR, EE BRI, TRErE2E . sk imih . ARERIfEN . AR URSEREINER,
IR PREGHV AL R TR UTAER, DUREOR B A RN IR RN W R AR AL 1 i Ae . Hoh, R —Ff il 5
PP AU T2 KR, BA RS R RETEREIH . SHAMPORBORARLL, NRBUAS TH &MY %, ©m
PRI T R A RE B R F i R AR . S TE N Ak I i B4 A R SRR JT R nT AR BT RE AL, X sEThaelk
BUAERLIIBIE . AWIPERE . SRR . R 2l AR AN RIS R D BE AR B AR S A IR R AR AT DL
SRR IR ETE . SRS L WD RIVERT, T AR 5 R AR M IR RO, SRTHORMEZ E . ARERIR 2R Y
BRI IR ISR 7™ W e ) ML Y (R, 255 T BB AL AT He rb ) EAAR S, A G o AL, AR SCps 1o o RE A i A
ARG T i o ALE APk, AR vl Se B AL 2y, DU S Ar M S BRAR I 9 K 25 W) A s ], Sl AR G St e

FEN ARG TAEN S B 505 %

ES a0

RESES  Q52, TQO41, R318.08

KIRT-WIRAEY) . S BEI R Pk R i
OYERE . — Ok, KR R 2R
YRR . BOSSAME S I BE R A TE B IRt e
RIS G E T, OF BAER T R R
B ERME S FEARRSRIER KR =P,
FEYIRRIR = R 5y kB, SRR F & s ik
TN 2 K3 2 MYIT . YR A
FEAIFEY 2 ) 3R H £33 &, KEEATTF
Uy AR 7 1535 ok B 78 9% SRR S fd R oK B
P S ML — IR ITRE TR I rh R I, R K AR
SR A f I 2 RUHE FR IXURS: LA RO PR 9 i A XU =2
[ AFFE SR DG s Ao R, KRR 324
AR, SETREAR, (HRXUS R A R R e
TERFRTFRAL S OKRAEE B hEERES
6 w45 0 B N B R SR 1 dn A A&l 300~
500 g% (LRI BRI 50%), 200~350 g /K A

RIR=Y), DhRetLNa oA, RIomRL, T, KI5

DOI: 10.16476/j.pibb.2024.0050

(A ERIT) o LRGSR, IERAKR
BT IAT 1 T AR, (HOX R ARFF AN 2
Py Zrg R i, ik, PAZGIL. s e ss
s AR SR A BT A ok, X g™ hh o
MY P ARACE RS, A ZME SRR
8oy, GAREAARRRTYEAR . 7Y, R 2

# ER HRFPHF R A - B R E KRR E (21927812), Jb
o0 R4 B R T R (20230484463) , H K A K BF a4
(32372442), Wb E AW AR (21372801D), 215 AABEH
KL FET (00109012) AR Ab A S Ao TR AR h0 34
(225676115H) ¥EHhmwiH .

s IR A

Mt Tel: 15931206727, E-mail: tht631022@163.com

VF3CP Tel: 010-62738793, E-mail: xuwentao@cau.edu.cn

JivK Tel: 17701251699, E-mail: bingfang@cau.edu.cn

R B 2024-02-05, 4257 HH: 2024-04-17




2948 - EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (1D

TR . £F4E DL LA ey A 25 5 ey . RAE
A SIE 7= fh—E R BRIk T iR A,
(HERSE R E VAR, ARRLmBIEN . WEE. 58
WA . MEERE . RRERUR . AR IR 2E SR R AT
BRI A IR R IR WA i PR _E AR 7o PR,
e 18 7 s S m AT DR R IRy iy BEANAL 7 A
REME, PR RARPIIR AR =Y LE PR R TR
W

AR, BEEWIFERIAWIRA , Z RIS POT
RATRE XA R A, Horb, g0KE
PRI IR R G Y TR BT T i —Rh ok . fiid 2
RIBESE, RERIGORBR (AL, oS $OT
KT BRI IR IRy LIAs e il 18 2805
M B A, SR HT, REAREAUSRT
WL, SAEGKRE SN THOR . GOKRFLR (fk
Mok ) GEFAE TR fEZ MR, i
A H AT 5 ORI AR R, AR AR
PRARS ™ il & B Ko MRS LUA R A B N 2 —
&, BHATDAZ 2, ik 32 50e
N BB A YA 2 A B A AN INGR], FE K 25 )Y
[ I} i 1] AR S K AR B B2 A A B SRR
7h, BRBARRS R TRE TR, ARSI SR Pk
YRR, LRI RER R N FERE IR
RIRF=Wigidakh, oA ] ORISR AR =M A
() 50 SR IR LB R A K MEAZ O B i W
H, EBIRAER, SRR B Bk id R
FAAERRN AL M AN, BERE TR 2515 1k R T
AWk, W5, AR RE TR
R LR G ER . #0m 2GW R . 5
IIfie. XSEUIREAY RRALATAR ATy 4t Mt Ay
TP IR NI IR o RO T AR
PREGIHBETTAFAIEIR . fUi . KL Kalone 17 B 4]
5o HR, IR . DUARSELI BCIRRERS I TR A
ESNFL A TIEE T, TR B A o R A
[ BCRREAS SC IR G W RT 2 o SR T IE AN
HRESCIFA A, BEmIRL | ORI | e i
TN AZ T A o

AL B IS8 2 AR IR KSRy v s ) i
RARERETT, Sy A U D RE AR B A AR IR K
SR A P A AERIVEIT, SCEX Y AR DAL
JRAREAT T 028, I iR T e nok s .
ZIa, ARICHNEE T = RAYNIRRIR = DA A R 7]
B, ZESIREAIR BRI, RGBS 1A
WFRELR . Befm, A SO ATUA 1 H A Sy

BT TR
1 AEBiAThBE L SR BE

BRI — R AR BT . —ACKAEH R o
. =R Fmm sk, HRrc &R R
(HE Tl o RO JE AT ) R iR . Jrfr, # RHAR I
RPN RS, FIFRIRSN A
W g -5 0 [ BE A B Wor )2 88, T 25958
%, REOMEGIRR BRI T, MO A M
& U0 DaunoXome®, Onivyde® 4§ ' g4t v F 17 .
AN, AR AR R A2 B I RR A R AL T
R M L B, DIRE SR K i KR ik
EARGICRERE. HATAM ST E 2 hEXT R BT
RFRMmPIBe L, B e PR R B AR
B NEiio o S M= R 17 NN A 51 N 1 2 L v
e, IERRIRPILEARN A ], 7 L)
PR UGS RE I HRE S A IR R AR 1 A R
B SN |G e S O NS R T-a) R R AV = =X A el DR N )
W T RGO, DI R 2232 AN ] R R BRI
()R BR 7= 3 ik B I B AR 1 L RS ME R S ML e
il (=),
1.1 KB B

KAFFRRE B AR F5 38 1 R B 25 Y e b
FAE SR BH I RG22, R YR N IE IR 3
W BLiA e RKAFERRR BT TT DL3E 7 AR T A
RIMWHE 2R, BEA . Z2EMEREREY
SRR =R A, LA R A0 B A I 2 i R 48
MNE TR RANNE AR FENg PR SUZ B AR
A E IR B (PEG) B HAGERET (] fE K
A 104E U L, KGR TR RES H TR
SR )8 2% 2o AR v T 1Y) R 2 IR B IR R AR s
Mo, SATTE FUIR SR A Sl b3 As e e, o
NGB T Z R JZ R R BT R B AR U= 4
fregtE s BT, B TR IE IR BRI
ARG AY (N7 RpE . sl . ek
HF) O RBEY (PEG ) MEA R (MK
A5) YL X el iR e B Y Jr 20T LA A
W f . BKAHEAEH LSRN S — S ()i
b LR R 7 A SR PR B FH B AR R 5
b, XIHN T e RS A ey, AT LU
b 43 [) i AE B 57 LA oI R
ML 48 G . Jang 55 20 I I EAE PR 80 22
BRI R AWM e R R L, Z5RR, &
SERMEFHE SRR E IR B A AR T 2 R



2024; 51 (1D

FRRE, % D BE Rk R HAEAE Y IR R A7 3% 1% Y BL A

2949

FERN IS 3 710965, R Lk
2 TR IE IR SR A AR FH T Ik g )

AN, AREFERYT, KAEFE AR 2k mT
DA3E o 0 e B HME A BRI 533k 15 . 1%
J5ik B2 AT PEG M 2 DI Be (L IR i fA, g ixX
7 245 20 (%) PEG AR BT (A0 9 1T 38 120 F 1k
SR AT RE TR & BIRE BUAR |
1.2 $BEEAEFEK

A ) UG B IAHE 7RG BUAR R RS AT LA 3 B4
B, X SERLAR AR B 2 SR A i IR Y
[FESZ AR, AT s R PR ) P

SR RAGI NG PR DR T RIR 7= WS i AR
FasE M 2E 2 I, HARME M EIVER . KARMELIEZ
AP M SOR A AR k245 ) ' R TR B AT ™
Tl 2936 EATRIE R H M ey SE B AR W Y
A ) 3o % B TP OC B A A 1) AR A 4 10
H, BRFTIA [ BT LI 3E A G A P AT B 2500,
(enhanced permeability and retention effect, EPR %{
) A ) bR 2 2 s R AE A A, (HHARCR AT
PR . A7 I i AT ] PR A 5% 2 2 A R 7
XoF JIg AR SR 3% 1) 2 T R A T A8 DA T S B = Bl A
. TR EZ M Y ThRETIF FEA DA, £
R FNAZ R 15 P A4 S5 A W) SR AR . Lin 55 1Y R
TR BB A /N B A AN (AR B4,
THERAELS & CDA4 2R FRI8 1 AS49 40 fiEL,
TR = P A AT RO e, R G BE
T AS49 fardeE 4 B IR AR KRN BERIMERT,
1o PR R ik 81.48%. Jin A% 0 7RG A YK B
T 5 NS B HEMEE G, SR
JERIIT AL, G5 A AS49 il B 98 240 v i) A St
RN, RRFUAT R AZS B LSRN 45 TR
L AR AU A S BB sl 146 N e
(I 2R 53 3R 7% 1 12.2%) FRAS 5 A 40 i B
(47.66%) o HAETF—FERYE, BRI R WXt
AH N 1) 52 1A 3¢ B o AR 58 1% 25 A1 7 o B 40 Chitgupi
A o) Ry T b e TR A A i SO P R R S S M b bl
i B A 1 70 28 BT 2R A R T AR AT AR ) i 9g
211 O

AP | 22 BRAFEECAARAL SR 1) g A 1 SR ek
ZRh M. IR n i, ©affEms. &R
il JOCHIR . IR, & — R EARRRSS
F . PATREE LR T RERIRLIR 0 KA RS 1)
iR 2. BERRIIREAAR BRI £ AR E Y
e B EAER . WAE LA S S RERZ IR F 20

Beo REMRAT R, A HER P e I A S D RE AL IR
JRARSRAL 1A o SR Fh R A e AR L 1) R T
PRI S8 FAE L R A AR B2, 4 1,2- 3t
BE-3- = HUIRRNGE L A Tbe Ak T R
Ay S 2 T P A T ) BB i A, T R A
2o WAk, LI B mT DU PEAR B R 5T 531 14
08 e I PN I R S

BRI REAL, B al L g K AR HA ]
SNRBUAEIR . TR R K NI E K 735
SRR, KT (ROREREEE . AEFE) AL
B KA A A B R AR RS K X 56T ke
AP 1 P A T L 7oA S s AL T P Ay i 7K B
TERIR AR IIHUK 2 FI= T RIT A TR
P RS PR, SRR B R B S Ah— b
TR BCARIRAR B, BIAERCIR E i Rl
o S P Ao i BE T O BRI AR E 4 . W Y
AR AR AR Y 2 Z A B A TR R L Mt
e o R RSB AE . LitE Y ORR T Bt
WENREALNRBUA, BT A5 N IRE & RS
SEARIBE L s i T A ) P L [ 4
1.3 RSN BYAE ik (%5 RERR BTk )

R 7 R i S AR S AR R A (el
) B TE RS AT TR B AR S i el
BE” HFPERI A2 BE I, AR AR BB X2 AR fik
R, X8E “FRENR TR ] LIRS A AR
MPEEAT ik A 25 MR 2

BEEDTFE AR, R 1 U A Bl R
Wk AR, AR . HEIE . AR /R
2 VPR T B A X 3 e R 7 R AT ) i S
B AR S B AR NI 23 o PR IRIEL
AR NI pH, L ; AMERIE R . A
R . e, JEAEmZS P 5 R B RAPERE
pH AUt B2 SRR AN [ PRI5E R ) 25 K e A
TELHYIE R BT T . REPEARARABORL A Il
PSSR R TR AR IR IR LA

SR 5 A T A g A SR Ty e A
ABE N QTR R Tl IR 2 S PN S
Forp, T RO R S SRR A 2 1 Tl A
AR AR SLBUZIR TR LK pH U BT 1A A
o pH RIS AL CHR 233k T BN THE £ B i
WZ5, B —FRRAAEMBENG, REWIE R
WEE 5 pH U TS IR, A SRSk
BEAAAXS BN K PR B, R L 2H 2 A2
B B RENR Qn i R AT A Uy e 22 SR IR



2950~ EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (1D

I RESE A AT Y S A 7 A D S AR A AT
BT o R R R RN A PR AL SRR — i
e R A (R S0 0L FEE 5149 A T o i P LA,
TREARIE IR AN, AR A
AR ARSI AT R

PBA R IS A R T 5 R e 7 2R T
(73— TSRS o 1207 5 AT TR HAR T e
2557 L, MHEURIERITT . ERERIfE &
RMFIZSI . OB AR AR, LR
AT A i KA FHB 2% 2 BOBUZ Hh 28 fih
TORAFAERT, A BER OB KA o (4 2K 4
ZRRTIURLRE AL B A AR R K A% PP AR A
BRILZ AL, SEHON L 5 RS P IR e TR
RIMBHAHTE 7

pH Wi BB RHE AN TR 11 i e s Sy 2R
YR EAENR BOARRUZ R L, H UL I REATA
SRR | PR P A 5 A 55 ek AR 5 Py

PR T HEMT . Horp, SSRRAEMTANTNIR . MEIMAR B
i B R A pH AU B

Fey st pH RSS2 A 5 (AR B BRI A SR i
P, A TEI pH I RIIK RSB AY pH (EL
il k24 W R Y B RE DT 1 R RE BE A AL R
WO

i W) 7 i A 4 o] 5 368 5 ) P e P 0 oK R
(Fe,0,) 1Y 3% 7K P B 7K 1 H 48 AR Jo 4k il
1 R, SRITBEARBURL
IEANRBAADCT LU SRR | ®ER, Hhsg
AR5 K RGBT eI IR T B B RNR e
I T E A

DI REPCNR A 4 FiT R AR 6 R i R Ty
(ELER 73 B 2 TS R AN AR ) SR W AT
AN, PR R S PR BAT R AN S E 3R
FYIEEAC R o L, ThREARE B R |
FORE R T S N E

Table 1 Characterization of different types of functional liposomes

®1 FREEBITHRERR Rk RIFFIE

Dite IR B AR A W= (7= N7 FH AU
KAGH g o 14 etk HeEZR KAELILH bR AL 2R, RIEHB AN F 3t 245 47 38 ds 3o R v TG M 1) 52
B 1% B 7 AR TT O, ASRERIEZITE BARAL R R E, K2k P i
g B I 1]
A e 7 T i A P B2 BEAE B — SRR RE T, BT AWRAERE, Y s

BRI\ 2 B I o A ) I B e 1

& [41]
Db R b =i N S TN SR/ E SN
A BR

I PR S B0 AR A 1)

e PR 187 P 7 P

fih R ZPNRETA b B A v
W7, BEINYA T AE 2 (8] R (8]
ISk

2 R REBERTE R AT % X R R R

RIRFIIRPE TS, HI Sk i A8 e
MRS L . LAY )1 AR ERYTR
RSB NIRRT K B IR R 2 AT
IR 250 M B, SR, il s Z b
JG. pH. B8 B TR R SUBR A T A A% e
ROREHT 5 [RIRERY, R R BHOE BA R 2 A %%
WA i LI REANPTACIE | PR AE, (HIIARR S
WRIF AR KRR RERE 32, KRORBR T 9 i 1Y
B SEMEAR RS, W ANE | NS A
Y EOIAETEE, XA 2SR . 25k
Jirid, A DB ARERHER I 2 R RIR W, T
TR BT X L S REACAR A5 Z AR BC,  BibR]

L LA R, HLREX .

ARER SIS S A IR IR S WA B =R
SRR R IT e, ASE D REANR B Ao v
WA H B, XA FITEA R ISR Wik vh B D RE AL
RISUARIERT T IH98E45
2.1 g LBE AR E MR R A MR E 1t

TR IR = W ARG L A5 ] L) Sl B 2K |
A . BdE . BEHYE. HERES. K
HOR BRI A AE AT VAR . A= W00 B 22 A
AR, T UNET SO B KRR B R
HHR, BEATHITERRDUAAR], doal ERRE
05, (A2 RAEN, FErE2E. St
FWp, SamAsE MR IR OCHE. DhREfLR AR
o, AR AL R DR 2K (R REU R JE HE AN ]



2024; 51 (1D

FRRE, % D BE Rk R HAEAE Y IR R A7 3% 1% Y BL A

*2951:

FREIIEH . DIER =00, St mfb s R AL
il SRS EME, Chen 85 )l HITEBEIR SN IR IR
P AR R BRI IR AE T R, e T4
HRIDEAIAET R R EN:, SRR Es
R ARG T HCE 90 d SRR E . Z AR
R R AAA A PIR . BRIESE AT
BE, A BUHIERE . AITHRIAIZY dh s IR DAt il 19
1, AR AR BRI IR . R TR A
FIFHBERFRE . XFitt, BTSN Bl g T —Fh 28R
Wi A ORABURE , I Fad i S i A — 20 i
Tk, SCHRARERN], iR BUA % B R AT
B, FERRBAS F BRI E A, 8RR
FiRRRIAS, AT B A, BEITIR
FAHY PRI i T 2B R X ER R A B4R )
REBRERIE—F13',4',5,7-WUEEHE B, RIHZFh
DREMHH T 25 ah MIIRETE A o SR, B
AT LR YT PE, Huang 55 I FLIS
HASEYOPEA AR R RIRRE, s A
FRE RIS AT, AR RS
RS T . FRITHESEERIMT, T TR
TR W LU P AR R0 AE B R
JROAQH, FCHCI 32 2 A R P 22 55 ) A
BRI . SRR, HFTEN IR B Rs 1
PR ARAE R T A K P AR, I e
e 0R 25 Jm iR ik AR, AHAL ALl s 2y
Yy d 1R T IR IR A G  UCP1 93k, J&

3
Frig A

OH

g i
o 0 & ® FEHAE

ALy
A A

qapsCf:HZEDCfEK:EDCf:)

d e
e

A P B2 2

b~
=)

n

S
n

FHARIKE/ (mg L)
=

=]

48 12 16 20 24
PRI S 2/

B R AP AE e R ) FH AR
M ZK SR 2 B R A 2, BT
AT M ZIRTTHEBIR I 259 . SR, FIEARERR
AR 22 BRI T HAE A A STk Y 1 . Sun B 0
W& T — P Rk B (BRI KOG IR ik, &
ZNR AR A TR R RSN RIS 24 h
MZERE, RIS RBLH e, BB KA
I HE AR R R p s AT s (E 1)

BrEE Y F BrRcE A, KAGERIE kR
R AP E R . A 2B B A PR AT R R
P, (HERAEYIFIHAREZ . Deng 5 " ffi F CaCO,
R BIR Z W W g AR R O L% &4, FIH
CaCO, VEHFEHE Hry i+, 5hREFRMEIAER
YA, A pH (A =, Bk 2R 2
TERRVESAE T o, $m TRZBm bz, 1t
Hh, fE Caddeo %5 ' fIMFSE T, FF& T —Fh B
TR B ALl AR IR A, D2 4 i it B il
12 i A BE PR T RO A EE . 7E 2023 4R
— s, RAERAEATHS-JZHAB
(SIpB) #iIF & ok FH T K AE RIS Fifk . 5T
LR, SIpB ¥R JZ T LA E AR IR A AR il
MR ENE, e IENR T A R S I B R R R
Wk EL 25 (peyer patch) H, A=) F B 38 i T
427.651% V. i LAk, KAGIEAR BIAA s
THIYIR ISR =ik ikt R e 22 BB, JF
FEE v IR AR 2% 15 i T BR85S ER 2 4

/1 PEG2000-COOH
G AKEA %

)Q %
>

x4,

x %
ok, B
KA A

3 m\\

Fig. 1 Preparation of lactoferrin—modified long—circulating liposomes containing geranylgeranylgeranyl and their

pharmacokinetic studies
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Fig.2 Preparation of brain—targeted icariin—baicalin liposomes and their application to improve blood—brain barrier

integrity
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Abstract Plant natural products have a wide range of pharmacological properties, not only can they be used as
plant dietary supplements to meet the nutritional needs of the human body in the accelerated pace of life, but also
occupy an important position in the research and development of therapeutic drugs for the treatment of tumors,
inflammation and other diseases, and have been widely accepted by the public due to their good safety. However,
despite the above advantages of plant natural products, limiting factors such as low solubility, poor stability, lack
of targeting, high toxicity and side effects, and unacceptable odor have greatly impeded their conversion to
clinical applications. Therefore, the development of new avenues for the application of new natural products has
become an urgent problem to be solved at present. In recent years, with the continuous development of research,
various strategies have been developed to improve the bioavailability of natural products. Among them,
nanocarrier delivery system is one of the most attractive strategies at present. In past studies, a large number of
nanomaterials (organic, inorganic, efc.) have been developed to encapsulate plant-derived natural products for
their efficient delivery to specific organs and cells. Up to now, nanotechnology has not only been limited to
pharmaceutical applications, but is also competing in the fields of nanofood processing technology and
nanoemulsions. Among the various nanocarriers, liposomes are the largest nanocarriers with the largest market
share at present. Liposomes are bilayer nanovesicles synthesized from amphiphilic substances, which have
advantages such as high drug loading capacity and stability. Attractively, the flexible surface of liposomes can be
modified with various functional elements. Functionalized modification of liposomes with different functional
elements such as antibodies, nucleic acids, peptides, and stimuli-responsive moieties can bring out the excellent
drug delivery function of liposomes to a greater extent. For example, the modification of functional elements with
targeting function such as nucleic acids and antibodies on the surface of liposomes can deliver natural products to
the target location and improve the bioavailability of drugs; the modification of stimulus-responsive groups such
as photosensitizers, magnetic nanoparticles, pH-responsive groups, and temperature sensitizers on the surface of
liposomes can achieve controlled release of drugs, localized targeting, and synergistic thermotherapy. In addition
to the above properties, by using functionalized liposomes to encapsulate natural products with irritating
properties can also effectively mask the irritating properties of natural products, improve public acceptance, and
increase the possibility of application of irritating natural products. There are various strategies for modifying
liposomes with functional elements, and the properties of functionalized liposomes constructed by different
construction strategies differ. The commonly used construction strategies for functionalized liposomes include
covalent modification and non-covalent modification. These two types of construction strategies have their own
advantages and disadvantages. Covalent modification has better stability than non-covalent modification, but its
operation is cumbersome. With the above background, this review focuses on the three typical problems faced by
plant natural products at present, and summarizes the specific applications of functionalized liposomes in them. In
addition, this paper summarizes the construction strategies for building different types of functionalized
liposomes. Finally, this paper will also review the opportunities and challenges faced by functionalized liposomes
to enter clinical therapy, and explore the opportunities to overcome these problems, with a view to better realizing
the precise control of plant nanomedicines, and providing ideas and inspirations for researchers in related fields as

well as relevant industrial staff.

Key words natural product, functionalized liposomes, stimulus response, target, long cycle
DOI: 10.16476/j.pibb.2024.0050



