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Abstract: Oral liver-targeting nano-drug delivery system is the most potential drug delivery method which has
the advantages of good drug compliance, low side effects, and high safety. However, the biological and physiological
barriers in the gastrointestinal tract and liver severely hinder the oral absorption and accumulation of drug carriers
in the liver lesions. This review first describes the main biological and physiological barriers encountered by the
oral liver-targeted nano-drug delivery system during the drug delivery period. Meanwhile, this article summarizes
oral liver-targeting drug carriers in recent years. In addition, the research progress of oral liver-targeted nano-drug
delivery system in the treatment of liver-related diseases is introduced, which provides ideas for the development
of oral liver-targeting nano-drug delivery system in the liver-related disease treatment.
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Figure 1 Barriers of the oral liver-targeting drug delivery system
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Figure 2 Summary of the main oral liver-targeting carriers
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Table 1 Summary of the oral liver-targeting drug delivery system
Drug carrier Drug Disease Characteristic Ref.
Lipid Naringenin Nonalcoholic fatty liver ~ Improving intestinal absorption, and the elevated oral bioavailability by [31]
nanoparticles loading nano-structured lipid carrier
Doxorubicin Liver cancer Improving liver targeting by modifying cholic acid ligands [32]
Asiatic acid (AA)  Liver fibrosis Enhancing targeting and improving efficacy by linking to ursodeoxycholic ~ [33]
acid (UA) and utilizing it to modify AA nanostructured lipid carriers
Adefovir dipivoxil Hepatitis B virus Improving intestinal permeability with efficient liver-targeted delivery [34]
Sorafenib Liver fibrosis Improving the oral bioavailability and liver-targeting properties of sorafenib [35]
solid lipid nanoparticles
Silibinin Nonalcoholic fatty liver  Increasing in the oral bioavailability of silibinin [36]
Micelle 6-Shogaol Hepatic injury Improving 6-shogaol's solubility and bioavailability by 6-shogaol loaded in  [37]
micelles
Silybin Acute liver injury Enhancing oral bioavailability and liver targeting delivery of silybin by [38]
hyaluronic acid-glycyrrhetinic acid micelles possessed glycyrrhetinic acid
Baicalein Acute liver injury Improving bioavailability and hepatoprotective activity of baicalein [39]
Dasatinib Hepatocellular carcinoma Enhancing dasatinib solubility, stability, and therapeutic impact [40]
Vismodegib Liver fibrotic To maximize GDC-0449 delivery to hepatic stellate cells (HSCs) [41]
(GDC-0449)
Polymer Short-chain fatty Non-alcoholic Alleviating non-alcoholic steatohepatitis (NASH) and liver fibrosis by self-  [42]
nanoparticles  acid (SCFA) steatohepatitis assembled polymer-based SCFA prodrugs Nano """ ") and
N anobulyric acid (BA)
Sorafenib Hepatocar cinoma Exploiting the presence of carbohydrate receptors, asialoglycoprotein [43]
receptor by the preparation of liver-targeted polymeric micelles
Inorganic TiO, Fatty liver in genetic and Revealing an unusual enterohepatic antioxidant response responsible for [44]
nanoparticles high-fat-diet obese detoxifying low concentrations of reactive oxygen species (ROS) at the cost
of elevated levels of hepatic lipolysis
Sorafenib Liver fibrosis Moieting in the core formed a crosslink between the self-assembling block  [45]
copolymers to afford stable drug absorption
Bionic delivery Fucoxanthin Nonalcoholic fatty liver ~ Offering the system liver-targeting capacity by modifying with [46]
systems disease glycyrrhetinic acid
Quercetin Nonalcoholic fatty liver ~ Binding to triglycerides and releases the drug in an affinity-driven reaction  [47]
disease
Mulberry leaf Hepatocellular carcinoma Exhibiting negligible adverse effects and superior anti-liver tumor [48]

outcomes through direct tumor killing and intestinal microbiota modulation

RO FSE K A FE L8 o IX Ffep 3k 225 ¥ S o R 8 A 2K
W BK LY, FEAEE NI RGN, $2 = 25 A4E
VIR FHE . Zhang 5P K 1 —F03# AL mPEG2000 fit
W, BT R KM & W) 6-shogaol, 5 iF BT 6-
shogaol #H Lt., mPEG2000 i R34 i1 | 6-shogaol F 4 fif
B, DURAEVIFIH BESE & 1 3.245%, AR ERM® T 6-
shogaol 7E T JIiE = 1) 43 A7 AUkt JT 98 F0 T3 1 e 7 46 H .
I 4 B o 38 1) 32 A, e oRRT DAl e A i A 8 P
A, SIEL T G ) RF ¥R 1) o Han 2505 1T 008 M &
B JoT IR AT AR ) —— 32 WA o R — H R IR IR AR IC 4, L 3k
KR FE o T KRB ARG R AT M, G ik 4 2
BRI 57K R IR WA EL, R @ i -
B 4B 55 B AR O, HIRAER RN T 4.38 1% .
JB SR ) FH FE A M P B RS2 AR, 3R A T R
JH- B 18] 43 AT R 267 ROR o SR, IR AE IR AR
K2 RGP G — LN, AR AE B i
(s E TR 22, 1E R4S 24 )5 IR R A o IR AE AR, 3K
2GR R bk, B RAE D 1 IR ) 24 4 i

R, A R K 25 M T Re, BA TR KK R
.
2.3 REMMKKL

RE MUK R IR A B &7 A kHE g
H 2H 2% BRI B 99 K GORRL, |2 FH T 245 0 3%
RGP T R AR 2 R R R 1, 5
B DAL I R T AR ) A 25 1 R T e AT R 4 A
o fEHRIFBE R GKE 25 R G h, R EWAPIKKLH]
LA RN 2 TH) FRL AT 22 S R BUAR EE AR N I i . — iR
U, RN B T MDAk B 45 5 dd ok 15 1 R B,
AT DL 250 AR 0 O R A ) R R RS AN BE e .
Shashni "9 11 7 FLHE IR 72 (short-chain fatty acid,
SCFA) |l 24—l ik fig s 5 N R B T R AR IR, B4
M EARL KPR PR E AP (Nano® ™).
SCFA ¥ 9> ¥ Jii & /) H R /KIS V25, 23 1008 AR
TEBR, FLER K S TR AN T BRI 2 2 1 K A5 6 min
Fe A, K S AR BT AU ZE . 9 dR s SCFA A
7R, BRI B 0% S5 2, i DR T AE TS



FRMESCAE: I TR 1 0 K2 245 2% St O TT 9 ik - 1665 -

Zj. Nano™™ [ IR%h 2 J5 75 I R b AR 2, HL Bt G g
Jil D) 2 fifE I AT RF B2 LA /NI 1) SCFA, 38 7T LA IE
ok TR A A PR T W 4 L R G R A AN 7 B ke B e AR R
F FE, Nano®“™ nJ DAFE 42 b ¥ SCFA $E 7] 1 BT AT I 2% fif
AR TPRG TR IR I 1 T 26 AN AR AL IR . SR B WA K
38 W] DAIE S 256 86 B ok e KA 15 o v (1 45 B B )
SR O RAE DRI B . Pawar IR R T — b
m$ﬁﬁ%@fwwﬁ RO TR R,
T B R B E AN R IR I R A R G R
B e, e o o 70 £ 26 PR T DA 244 11 1 A AR
JEEFOAE JHFWE ) 43 A o I FF A M O R 0k 1) 2 4, TR A
WG ARLAS U R ISR S P T 7R [R) A R 338 o J A £ 4
AP, Wang S PVER G 40 i ik 2Rk (1 52 4, il & T —
ﬁmW%M%iﬁaﬁﬁwﬁﬁ%ﬁ%§%@%%
B (2- L F2- M) - 2 (D, L-TH AC i) 3 & aK
#u@305$@WM%#mmmmﬁ%@%mﬁ%
£ Caco-2 40 il 1 (1) 4% 38 AR 3 m 1 1.6 fi5, JF H 3G 5
T AR IR A AT . SREWANAKRLAE IR A )
YK 3B 2 F G5 I B A AF AE — e Bk R, 7E B g
IR E PR 5 2 B IR AE LG K 52, 3 B2 BT
FBETRAN AR . LLAh, 385 5 -G MM R PT B AR ZE T TE 1Y)
A= AH 2R i) S
2.4 FTHLAAKRL

TN L T sl A 2 TR A R RS
10~100 nm I EHLA KR . HHEE RIFRREE
P AT 2 M DLROBRRE IR ) B 2 1 SR (ARG L 2
FRMESE), 78 D IR SE M 9K 25 R Jgos 1 R I

Apical side

~"~ PEG-PLA /\ DA

* DA-PP-PMs

© Fluorescence probe

\, - 4 3
‘\\ o 1
= ) 3
GoIg| apparatus ¥ *Q »*Q
ey | T—— L L S ¢ . A
B i YO NS
A W ST B st . ......

S~~~ DA-PEOz-PLA

Enterocyte

RLHE 35 53 40, AR O HLAN K RORL AR S8
A G815 S5 1 4 (reactive oxygen specie, ROS) &
B, HFEFEM RGRE R . Cai FHRIE T
B P ITCAL G K OR824, mT A gk /0N SO
HH IR IR Joi e AR O 2 A i 1D A2, I L R BRI ARG 77 & 1)
T ML 4R K R {5 W] fish % xoF 40 B g 5T A 5 1
ROS HIARZKF- 40 584G b7 4, 17 3 M 8 BB T AL
N 5 BUIR Jo AR B 9D e G D A 1, B A R
S AN BB, RIS A G 9 IR AR S R A D
g (Bl 4). 8 I TE R, ToHL AR Re 08 SRR
PERE TR, $2 & 29 AE AR N I B AR, Tran SR T
B = A S - A = < (1 I = W A = 7 N A
(Sorafenib@siRNP), HH T &k B A /N T RNA ZFE 1%
H H ® & K (small interfering ribonucleoprotein,
siRNP) M 22 B AZ 0 FI SR & A Ab e, $it v 7 R B e
Je R EMERNE N T R B FE R R R h R FE, R
FrAEJE I D IRAEVIR 3R = 1 202 1%, B3 n 7 3L
FEFFIE R AR B, WA 4R A 27 & ohlak
RIUREAE 1 3 7] 44 0K 326 24 28 455 o 1) 82 P R AEAE —
Pk, 19140 22 BOTCH U R EAE A2 40 5 1 22 K B o
& I 8t
2.5 HHEBERSK

7 HE 356 2 FR 48 1) — A OB S g 2 R AR A I B
L) AR D AR A PR R A B 14 4, BE e A R i A 0 R
SRR AE B, 8K 25 B AE A4 A 7R 0 A IS 8] R
Jod ¥ A7 PR ) AR . Wu BEH MBI B AL B (Lacto-
bacillus paracei, LpEVs) FHEHL T 4N 7390, S8 f5 18

Caveolae/Lipid rafts-mediated Clathrin-mediated

endocytosis endocytosis
R gy *:-._. ,,.-A"”*-:::.'__.;*‘:' ."':”4
el *M&ﬁF

U

'*-: EndoT'e X ‘%‘J),\‘-':r g%
T -@" %?
£3

Endoplasm|c retlculum /

-
o

Basolateral side bl %‘WH """"""
0
[\ ASBT (“,’b IBABP OSTa-0STR
' MRP3 JR Caveolin " Clathrin

Figure 3  Schematic illustration of predicted transcytosis routes and liver-targeting property of DA-PP-PMs after oral administration.

Reprinted with permission from Ref.57, copyright 2022 American Chemical Society
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Figure 4 Schematic illustration showing in vivo delivery of orally administrated nanoparticles to liver tissues'*. A: Schematic illustration

(created with BioRender.com) showing in vivo delivery of orally administrated nanoparticles to liver tissues; B: Time-dependent distribution

of nanoparticle-positive cells in the main organs of wild-type (WT) mice after treatment with gavage of fluorescence (Cy5.5)-modified TiO,

nanoparticles (0.72 mg-kg"); C: Elemental analysis showing the bio-distributions of Ti elements in the main organs of mice 21 days after

nanoparticle gavage; D: Relative mean fluorescence intensity (MFI) of different types of liver cells indicating the accumulation of

Cy5.5-modified TiO, nanoparticles in different liver cells in WT mice 1 h after gavage of Cy5.5-modified TiO, nanoparticles (1.8 mg-kg");

E: Relative MFI changes in different types of liver cells indicating dynamic changes of nanoparticle distributions in liver cells as a function

of time after Cy5.5-modified TiO, nanoparticle gavage; F: Representative transmission electron microscopy (TEM) images showing the

Kupffer-hepatocyte nanoparticle transfer. The TEM samples were collected 6 h after gavage of nanoparticles. Data in (B-E) are presented as

mean values £+ SEM. n = 6. Source data are provided as a Source Data file. Reprinted with permission from Ref.44, copyright 2023 Nature
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B B WIS R Y & (quercetin, QUE) %% 4% 31 1 E[1 25
Ji o, 3743 MIP@QUE. MIP@QUE {F Ay H i =g ()
PitE iz A, BA RIFMAYRR e R A, @it
REAOH i =R 1K) B SR, (2 0k FL 40 B % s A0 3 o 1
A AR R, &5 AR WY, AE JE RS 1 B 0T PR R
(non-alcoholic steatohepatitis, NAFLD) & 4 1 | [0 ik
MIP@QUE it ik 4 Jfd 55 2 38 12 W Wi dk N LA 38, B 5
I JR U, S0 OSBRI R AR R A, B
F I8 /> NAFLD [ AE AL R, 840 7 X NAFLD (113677

ROR (BIS). ELAR A3 24 2 G0 J B AR 47 1 B2 FH i
S, AH R FL O I 2 R i T8 AR Sk B 4 2 S
A 5 IR A [ 5 o R A B K
3 ORRAFSEEMKIBRT RS H TRFATERS

1R 40 170 499 K 38 24 3R G 8 22 b T U A 55 20,
L0 PR < JHF 9% B PRI B At v i 52 25 ¥R 11 VR T 1)
Pedp o LA R (B 6).
3.1 FhiE

JFR U 2 V22 D5 R P R R P R [ 5 DL, 3=
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Gao S5 I 2 S e 4R I 1 K AR A IA A i 5 4 K 5
L, X R ARG 2 W R D R M B 1 RS /N g
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Figure 5 Schematic representation of an orally administered
biomimetic transporter that activates the intracellular lipophagy
pathway in a two-pricked manner to promote triglyceride metabo-
lism in NALFD. NAFLD: Non-alcoholic steatohepatitis. Reprinted
with permission from Ref.47. copyright 2024 American Chemical
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3.2.2.3 #E R 7% BT & (diabetic liver disease, DLD)
DLD /& — R = WL FF, 2 K4 1 B4R 2 BU0E JR 7,
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