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Abstract: Gastrointestinal mucus constitutes a critical physiological barrier in the gastrointestinal tract. Its
highly glycosylated mucin network effectively hinders the transport of particles and drug molecules toward the
intestinal epithelium. In oral drug delivery, effectively overcoming this gastrointestinal mucus barrier is essential for
achieving efficient drug absorption. On one hand, the continuously secreted mucus layer rapidly clears ineffectively
penetrating particles due to its shear-thinning rheological property. On the other hand, macromolecular drugs face
significant challenges in cross-mucus diffusion when their molecular size exceeds the mucus mesh pore size.
Furthermore, certain small-molecule drugs can also be retained within the mucus layer through physicochemical
interactions with its components, or rapidly eliminated by the dynamic turnover of the continuously secreted mucus,
consequently leading to reduced drug delivery efficiency. Therefore, enhancing the mucus-penetrating capability
of drug molecules is crucial for improving their oral bioavailability. This article systematically reviews the
composition, structure, physicochemical properties, and barrier characteristics of gastrointestinal mucus, along with
its barrier mechanisms affecting oral drug absorption. Additionally, it discusses nanotechnology-based drug
delivery strategies designed to overcome the mucus barrier. The review aims to provide a theoretical basis and
design principles for enhancing mucus permeability, improving oral bioavailability, and developing highly efficient

mucus-penetrating nano-formulations.
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Figure 1 The mechanisms of mucus barrier properties in hindering the drug particles translocation. A: The drug particles are cleared and

expelled via mucus turnover and clearance due to the mucus dynamic barrier property; B: The drug particles with large particle size are

trapped and retained within the mucus network due to the mucus space barrier property; C: The drug particles are captured and immobilized

in the mucus network through physicochemical interactions with mucus components due to the mucus interactive barrier property
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Figure 2 The mechanisms and strategies for nano-formulations crossing the mucus barrier. A: Mucus adhesion strategy. 1: Positively

charged nano-formulations bind to anionic mucins via electrostatic interactions; 2: Hydrogen bonding between nano-formulations and mucus
components; 3: Entanglement of nano-formulations surface-grafted polymer chains with mucin fibers; 4: Hydrophobic interactions between
nano-formulations with the mucus; 5: Nano-formulations surface exogenous thiol groups form disulfide bonds with mucin sulfhydryl
residues; B: Mucus penetration strategy. 6: Nano-formulations facilitate penetration in mucus by developing a highly hydrophilic surface;
7: Nano-formulations facilitate penetration in mucus by constructing inert or electroneutral surfaces to minimize mucin interactions;
8: Nano-formulations selectively disrupt the mucus network by incorporating disulfide bond breaking agents to facilitate penetration;

9: Nano-formulations hydrolyze mucins by functionalizing with proteolytic enzymes to facilitate penetration
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Table 1

Summary of the mucus adhesion nano-formulations. PLGA: Poly (lactic-co-glycolic acid); CMC: Carboxymethyl chitosan; PAA:

Poly (acrylic acid); HPMC: Hydroxypropyl methylcellulose; TBA: 4-Thiobutylamidine; PIBCA: Poly (isobutylcyanoacrylate); NPs:

Nanoparticles; —: Drug-unloaded

Adhesion
strategy

Drug/nano-formulation Material

Advantage Ref.

Electrostatic Vinorelbine; liposomes Chitosan

incorporation

Insulin; nanoparticles Chitosan; PLGA

Improved bioavailability by 2.1-fold compared to the vinorelbine solution  [42]

Excellent bioadhesion with a strong fluorescence signal still observed in [43]

the intestinal tract 8 hours after oral administration

Gefitinib; nanoparticles

CMC; F68; PLGA Higher adhesion in the small intestine, and improved bioavailability by [44]

approximately 1.6-fold compared to the unmodified group

Bonding force  Calcitonin; nanoparticles ~PAA

Significantly enhanced mucoadhesion compared with calcitonin solution,  [45]

adhesion and effectively improved oral absorption of calcitonin
Acetaminophen; Chitosan; PLGA Significantly enhanced mucoadhesive property, which was further [46]
nanoparticles improved with increasing chitosan concentration and molecular weight
Sitagliptin; nanoparticles HPMC; PLGA Prolonged adhesion duration and enhanced mucoadhesion [47]
Thiolation —; nanoparticles PAA; cysteine Enhanced mucoadhesion by approximately 6-fold compared to the [48]
strategy unmodified group

—; nanoparticles Chitosan; TBA

Significantly enhanced mucoadhesive property of PIBCA-NPs [49]
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AT R, R A D SR B Y 2 i R O v T R
BT ELAE AR AEILAN 7, Re % ORI FE 3 i 9K 3 A4
TEZE W W B fe

HAATENZ, B WiE MR 5 (UK pH) 7]
I R IR B UK BRI REFHAE T o LRI T
TR 1 2% A RE % 30 i B0k B & 4y 1 9 B T
T BG40 2K 28 A 5 6 B T B i B X L
i P AR A B A R L FE o B Z R (cysteine) . 3 & £
2 (thioglycolic acid, TGA)-4-fiAX T & K (4-thiobutyl-
amidine, TBA) FI#& It H K (glutathione) 55 . X 2& {7
A A S N AR B R A Y (W PAA)VRIRZHE (i
FCRNE G EERRAY) BUR A RS HAA MR o X R
BBy E B RIS, BB 5l N R
T AR SN

IFFUAE S, B0 A2 1 ] Sk 25 38 TH 9 oK #0441 26
B PEfE . 1 1, Diinnhaupt "0 7t K W, 22 B2 R
&1 1) PAA-NPs H 3 R BRI R4 = T 206 £5 .
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Bravo-Osuna 55 F{ TBA X 72 S0l 1247 2 B AL A2 1
G, BIGBE T RAEFGR S T RGN R, 45
S 5 R R PR P 2 4 i

g5 b, BB S S [ 1 R AL B, A
AR ORI B PR A T — R m AR . SR,
2% SRS 1) SR S 9 T I — e Bk A% — 5 i, SRk A0 5
EY0 5 R 1 SR TR R IR AR E A B
NP B T A RS RS 32 At ) I NS i)
THI, FAR R 5070 R IE B I ThRE T, P RE AR A2 4r
P BICA T TR SR S (9 AH ELAE ), 5 0ok 8 1) s b 3R
£ 10 Y s I P I 7 B 7 3 W B o W e
B 1) 2 5 5 23 Ry A, DATE B R A6 P28 BE 1 [ e, 4
FEANR IR 2 G0 00 i (A AR T, HHE 2012 SR 11 B AT 4
SRR R R -
42 FRFIERIRES

DX ) - 0 8 28 B 28 S ek, 8 o O B R PR A 0
TE T 550K PR FEAR A R 2 5 B2 oy 2 IR I RS 57
PERE ELAE F, SUB I 32 3 A PR B R 1 9 4 45 8, skob 2
PIAEZH IR (R B o RN B (R A GO R A L o
FERZ, B2 BRI R R B B Ak b Rz A
FT, TP Ry WO 25 i 0 . 125k g S Bl
PAR R g A2 S O 2R 158 /K A /4 PR A A& 4 R A
SRIKVER A PP B TR R BIOA R b SR T, B
5530 8 1 g K/ AR LA L @ R0 TV A S A
FE 80 0 90 B 1 K AR A R 86 B 1 S R D 4 25
Ho R2ACIRGRLE T KRBT B AKIL L R
Uit LT SR B M REARE R
4.2.1 FERMEFIEREE FEOFHERTMEKN B

e PRI BRI ISR —. SRR IER
W PR A% 00 75 T 15 98 K 0 3 1 ) 2 i 5 K APk s 7K
LRI 27, LA R058 MO 5 &5 B B 5 K38 AR
YEH, R b 5 HA R A 7 i AR R It A & X
— B BE 2 AR Y B g, 02 2 B A4 AR Rk 2% v
HPREZE . TR E SRR IR MRS R
¥ (polyethylene glycol, PEG). 5 (2-%M0k) [poly(2-
oxazoline), POZ] A5 F2 T B A M 12 H i (polyhydroxy-
propyl methacrylate, pHPMA) 5. HH, PEG A AL
S BRI A AR S, O & B H )iz B
() 2 TS M A1 BEET . 5 % B2 PEG 2 1 W] 7E 94 K kL 3%
T TR 8 55 65 0 < RER ™ 65 4y, A 8 BEL RS G 5 85V 7 1
Ak 0 BEAH AR

WEFE 2 W, PEG 1 731~ Jot 2 13K [ A8 1 35 i 2 4k
TE L GEE MR P S H. Boylan 7RI, K RS>
TR (2~5 kDa) PEG 1B/ (1) 40 KRL A] 78 R Hh i
B RN, 08 A 0 B 52 2 T A 202 1) 57 T 114
FOAT . XufEP R G LR T AN R R T % JE ¥ PEG-5k
G KRL R IR, &5 R 2R & /0 75 2 5% 1) PEG 78 7
EARAZANGHEREAMLE S . Yuan FH K
i) PEG 121 8 2 22 Lb B2 [ 44 iR B 40 K okiL, HAE Caco-2/
HT29 Ht 1% 5% 4 i A5 1Y R 28 44 fizp a8 A 2R b By 3R B A B
5 T O B RV 2R 3 BE 0, 0 AR AR I o 44 KR K
B TR#WE T 980 e g Rt — ek, PEG
A 2 (R AR A P R P BRI 2B 3R 8 T 1.99 %

POZ 72 73— W FL W8 71 (R 56 K A4 ), AP AR
BN PEGAH S EL 2 AL, JFR I B m ik Wi
PEUY, SR AR LS K PE BB, Mansfield 2604 T &%

Table 2 Summary of the mucus penetration nano-formulations. DOX: Doxorubicin; SLNs: Solid lipid nanoparticles; PEG: Polyethylene
glycol; PMOZ: Poly(2-methyl-2-oxazoline); pHPMA: Polyhydroxypropyl methacrylate; TMC: N, N,N-Trimethyl chitosan; RGH: Recombi-
nation growth hormone; CPPs: Cell-penetrating peptides; CyA: Cyclosporine A; F127: Pluronic F-127; PDA: Polydopamine; SEDDS: Self-

emulsifying drug delivery system; PAP: Papain

Penetration Drug/ .
. Material Advantage Ref.
strategy nano-formulation
Hydrophilic DOX; SLNs PEG Significantly enhanced mucus-penetrating capability, and improved relative [60]

penetration

bioavailability by 1.99-fold compared to the unmodified group

—; silica nanoparticles PMOZ Significantly enhanced mucus-penetrating capability of silica nanoparticles [61]
Insulin; nanoparticles pHPMA; TMC Enhanced mucus-penetrating capability of TMC self-assembled nanoparticles [62]
Inert RGH; mesoporous PEG; CPPs Higher growth-promoting factors level by 5.41-fold compared with the RGH [63]
penetration  silica nanoparticles solution group in vitro cells studies, and increased (4.91%) body weight in rats
in vivo efficacy studies
CyA; liposomes F127 Enhanced stability in gastrointestinal fluids and improved bioavailability by [64]
1.84-fold compared to chitosan-modified liposomes
—; nanoparticles PDA; PLGA Faster mucus penetration ability compared with unmodified PLGA nanoparticles [65]
—; nanoemulsions Soy lecithin Comparable mucus permeability to the PEG-modified group, and higher cell uptake  [66]
Mucolytic —; SEDDS Trypsin Increased mucus permeability by 2.6-fold compared with unmodified SEDDS [67]
penetration
—; SEDDS PAP Significantly superior mucus-penetrating capability compared to the enzyme- [68]

unmodified SEDDS
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9 H R IR 58 (2- 2 -2-E b)) [poly(2-methyl-2-oxazo-
line), PMOZ], i ik #i H— 4 rit o i K FL 2L AN A& 1
MR A REGORBLR T . H B EWRFE LR B
7R, PMOZ &1 i 35 #8581 9KRi BB R 0, IESE T
B HE 5 POZ SR 7K 1 SR 3 i 2 35 ORI m 47 1

PHPMA U] [A] Ak (14 pHE Wi 7 A7 5 4T 1T A2 21
12 R Liu S50 20008 5 2 10 TMC 3 4L 40K R
KM &1 pHPMA, BIF 71 45 5 3% B pHPMA (42 1 i 3%
B T GORRLI R T IERE ). T EE N, pHPMA
TE 5 75 F 2 5 BT 4R i 25 V&, % 85 Hh 9 36 (1) TMC
Y KR AZ B 5 8 o 5% A0 i AR AT B b RS, R IR
B eI 1T 7T .

S LA PEG AR 3 55 /K M 57 388 SR s 7 8 5tk 44
K EAR RIS 5 J7 TH e L HH 3 35 A 3, (F 125 S [
R AT TH G — R B IE PR . 5, PEG 1R H %2
FIVEAE [ 2 JF M (0 PEG HUAR /v S 19 Sk 1
AB 47 AT i FFLAS 200 P 5 E S5 ) 17 1) 2475 vk, POZ %%
FLHPRL BT R AT, 5 H AT ARSI TS AN R SHIR
N, H SRR B I 0 i AR 78 4y A . T pHPMA %5 1]
I AR AR ) 52 PR L 5T A% (il 4 T2 AR AR 530 )
LA . PR, R SR B ST N B TR
24 A BRI AL SR K M R AW, SRS AR B 1
S8, DASIIL T i v ORI AT 5 0 BV 2R %
422 TEMEFIEREE FTE SEKIER B
Hfif 1) 25 A, ) 3 3o g 7K VR FH R0 F R B 47 3R A0 K 2
Mo 1 T B SRS IO A% O FE T BT R m o K e S i
HPERTH IR B, LR PR s /b L 5 3 28
2 1) AR S P AR B VR o B G A 20 VI X 4 3R,
M E AR TE R Z P PRy B S m g iE . ik
SR 2 T8 L 7 A SO N M (R F B ) #48
R RS B A AR FRTY . RS M 2B M
B S PEG. % B JE 72 F127 (pluronic F-127, F127). %
Z B} (polydopamine, PDA) J P B T #4 Bl 45747,

Lai %7115 K38 PEG 58 £ 3 w5 B 25 /K 1t A e
PERTH, B8 2 35 D 5 B2 43 i A ELAE F, AT 42
HEGN KL 7E B0 0 285 P I PO . X — R ILBE e
T PEGENE B 2 B MR HLAT o Tan 20 %
7 PEG &1 (1) %k B 41 A= K 3 3 (recombinant growth
hormone, RGH) ] & & 40 M % 3% JIK (cell-penetrating
peptides, CPPs) 1 fL — 4 ft % 4% >K ¥ (CPP/PEG-
LMSN). fR#M 5502545 B3R W, CPP/PEG-LMSN 45 %)
“H HepG2 4 ity b 37 i Hh i 42 2B K R -7 7K1 L RGH %
WSS T 54115 . ERN 25305058, CPP/PEG-
LMSN #1 K B AR E I K T 4.91%, 1 RGH &4 LT
B MK, G AR Tz SR 1 Rt

F127 & —FhaE R 7 AR A O Ih-RA N L R Y,
[F) B L % S /K 5 B /KR B, 38 FH T B ok iR N I I
ATl i 0UZ H, AN AT 208 ) 7RSO8 PE, B RRHY SR 245 )
FIZEREPERET . Chen 25197y Wil 5 BB M AT 127 181 %5,
MEEVEZI IR AR AR . RSN R B, F127
A 0 HR AR TE B R b RIS s AR, 558
RN A L, AR R S T 1.84 15 .

PDA 2t £ R G s & o TR, B
EAEYIAHZS R 2 ThRe R B MRE 1. Hu 24 T
PDA &/ [t] PLGA 4K H%, I ) FH Bt g b 6 i 2 Ao 7Y
VAR ERE 1. 45 R oR, PDA &S ) PLGA
PR B 2 R R L R B 2 i fe 7, H %
T H(69.6 + 3.4)% 2 3E = T R & MBI PLGA 44K KL
(37.2+0.7)%.

PR BS T B e — R B A RIS K M AR
VIR YRR R R A HABM g K Bk AR R T
JBR 5 4 Tl RS AE ACL, A Bh R B R g A A A .
Veider 2| £ 7 K 5 O g A1 PEG 12 1 ¥ 7K 43 30 784
YK FUWL, I VP HAE Caco-2/HT29 21 ity ¥ 2 15 7 1)
BB EAT NG R EUT . &5 BB W, KT OB
JEAE T 1R 9 oK LR 1) B RIB 08 1 5 PEG IR IR 2 AH 24,
L4 B U % T e

SR E, 1 M 5 7 SR I a8 I A 4 e AR R T
REA Rk 5 R 23 W AR R S AR ELVE FH, o gokdk
A v TR A R AR AL TS M T R ORI
B AAE T BT 0 BH A PR AR R 2 B 1, 9 41 PEG
M4 R F127 Hfe B AR e 5 2R Rr 1 JPDA I 2 )R
IEMRE 7, LA 1 B8 DR E (I 4t 20 B8 7 T P
RV 7o SR, 2% SR ATY ] I — Pk - 350 7 A Kk (an
PEG) {7 7ETEE (1) 502 JR 1 IRV 9 1 5 1 AR L T 5
TR AR AR AR AT ALEIR LA e R
SR FC T 7R IR AL B AE W2 2 s Btk b, AR AL LR T
1B S, SRV 5 3 55 20 3 2% 11 w5 A D o
423 FRAMEKR 5 LR m o K sE
P BHE 1 gh K B A DLIRE S5 A LA F 1R 28 328 5 I AN [
%R 5 TE E B B R 5 e B, PR FL R o
PEFI SR B, AR BE R Bk 1 BB & . ZR
s —E A 5 S AR AT K AR R A RO RN,

T B R RV £ AL R R AN R M A 1 O
BRAL AR, BEIR O B T PR AR RV R, M 55 xS
PR AR TR B8 . P IR T R AL V-
O R  N-1 e 56 -4- 3 2L T Tk e A1 2-37 5 - V-
FIE LW, KR TS 2 S T 9k R
P Hp, 78 28 RO T2 SRS RE TR, SBILN S 3 28 v Y
25 (PR FR IR
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Ty J7 1, K AR HR Rl i R K AR K
FfR R R U SR 2 KR, 3R OR L 4 25k . H
B KR RS R BB (trypsin) R R & H B
(papain, PAP) #1345 25 A § (bromelain, BROM) &,
Shahzadi %"l % 1 trypsin 21 (1) B AAL 254815 &
4% (self-emulsifying drug delivery system, SEDDS), #
KR I RO R BE E R . 45 R oK, BE e
Ifi SEDDS [ & il 7 B EEC R B & T 2.6 £ -
Leichner Z“Yifil] £ T PAP {2 1fi f[f) SEDDS, i@ il jig #% #if
JB & LB 5 Transwell 7 AU AL HE S, HRE2 % BE
VARTE X 7/Ae b N2 A TIPS B RAES

FH VLA fie SR W B 0T B AL B TR B 2 e
PE, AIG RGO B AR B E SR AL T — PRy B 20 2%
%o HETRBLE T e B 035 PR R R R S,
T A2 O L TH 245 ) 3 A 1) 5 o P e s 2 3 . SR,
FLR A TH G 2 B R R PR B e, H AT T s
i SR W R AH SC B T B D, T T AN 78 4, H
AR RFFEAR; IR, B K ARSI 9 K B4 B A s 1
ARAT AL T A2 B B, w R B B AR A B IR, B
PELEAE A7 5 ik 2 i 72 b 5 SR 0 B, 7 B S A R AR
SETE . HOCHER R, % AR T BE B IR IE &R A AR B
Je B DR, 36 BRS04 245407, Il 95 HORH 2 SR AR k)
JoT R BT AR R g, AT RS I g XU o ROt 1 S B 3
Iyt n] R A PR T B 2% AR R BV S 1Y R (i
RAEVER W D) Re T8 KAL) AR B 5T ML AE O]
R 2z A VE R HT R, B0 T — A A0 e sl R A 70 1
BRRE S M A8 77, DAHESN % R B IG IR AL .
4.3 HEESWMENEE R

BR 1 20 BILIP) Z BR 28R 2 57 TR SR A AT AT IR B
J1T IR TS R R Re A 37 B0k R 4, DAY IA)
SR 2 B AR B R B I G Sl i R M R 2 Bl
Bl F E AR S FE L G A  zeta AL FEAL
B Re g a R R A DR A 5%
431 FRHMEFBESBRE LRSS
A W) )8 B 45 R ] [R] 2R ) 24 1R 8 2 TR S5 P R R A
A, SEIMHTAEFE M 21 f5 2L 57 1B B2 745 . Hauptstein
SO K (1) PEG-Hi BE AL 5% B (Chito-PEG-SH) /& 4
BARE . © FEPHF B 8L R EE L (-SH) 53
T E MBI B e, AR R Iy, K i v R
I a); @ 28 3 B B BE A B[R] () HE 7% BOR 55 A2 40 (i
pH. A6 IR ), B AT W 2R RIS AR 2 1Y PEG B
RAEAKNE B RE L, 080 5 26 8 B R AERE S A B
TEH, RAEBBBEBOFFERRFWZ . LR, 5
B — 5E B AR L, Chito-PEG-SH AN X ] 45 2% Bt 1 5
5, G AE R BRI B VBB B 1 B AR 7 O R ) A R

BT 2.7 f5, R B AS e 4 R (1) R AR

Liu ZEOFF & T — P dE T 52 R - 30 & 4 1 -Plu-
ronic F127 (CS-TGA-PF) g i & & 4t H T KA BE (1)
PR IE . B8 E 2 € = 1Pl 25 R 7R, CS-TGA-
PF JIg 52 44 10 286 25 19 286 B =2 bL B — CS 0 78 O MR i A 42
3. MR BE AR E R, KRORE S
F-6 A710 11 CS-TGA-PF fig B4 J5 , AN AE g 18 35 THT AR
B R M) R AT T, WG AT IRN A0 T HE N,
R ZRFH LM T IFRE N 5BIERE ). XLk
SJIF 5E CS-TGA-PF fIf i A & — Fp B AW 1 R A2 i
FRGIK#E RS

VR 5 5 03 4G A R SR W S L BN 1 A B
REVERBTE, T ab b E TR B S 5 E T PN E L
X JE W ORI, BTN T T AR Gi s — SRS R FR o A
BCTAEE M (5 3 DU B B E A E (i
I [RIAS A2 ) AL GE3Ak, Z g A B35 18 K T 57
WAL ()45 B, IR TR 1 HL S I e RS B PR A I,
M EE AR ERRTE T 2500 D ARG E AR . AN, Hk
THE S A LA R B A SR I 25 4t T T REtE, B
BT AR e B R AE S BN JT . SRR, @I 9] N
TR [ AL 5 R R R T RE AL R, SR R I I R
GuA N A D IRes 25 PR R L A T AR T g 5
432 ZetaBB{IFTRITRRE 1XSKIE LAGIE JLH /D
J AR Zx) 151 2 38 I B M 195 B2 I (alkaline phosphatase,
ALP) 1E AWk 8%, Bt “#-527 454 © w14k
A G AH, T 55E): A E A (058 R BE) g
71 EEL R AR R A (Can B R AR ik AT ) B i, e B A SR T
HAf A BME o XX o 471 P g B R A R P 3R T A R T
5y o B A F R R 5], (R R R
W46 % 1%, @ Mefid A S e (s 1E F, R 24 344
FI8 & & ALP B/ X3, ALP 4 7 M K g 1 41 J2
(B AR FE 1], B2 8 A IR FE I N A% . 5% 55 19 1F Ha faf
A 38 i 28 A 5 Y SRR () i b R 4 R 1) R R A LA
FH, A2 33 20 P 15 B B 55 4 i A, DA T i s 24 4 IR
Le-Vinh %" & 7 — B BRI R RBEROR, He R
HE H 257 A% 00 B Tl TR R 18 55 v F HL AT, TE TSR Y BB
AR S I B RIS B 1, 5 R S8 1 I 3 RO i SR AH
P T2 6 15, AN )G, ALP il i ik, H
Tof R 3% MR, B AR E T S 22 4 L

H A, CPPs ¥ #f F T34 5m 25 W (¥ %5 I % oz, AL L
BH & 74 1 52 ' 805 B0 2 A LA i PR ) 3G
EIERE . ATEIRIX— RR, i 7&K CPPs 5 5
8% B2 £h (polyphosphate, PP) 45 &, #4 1 F 17 4% 22 ) i
KRG, I, Knoll 5K 1 —Fpa b 205 1) 5%
FH 55 CPPs (R9SA) &1 1) 40 K 45 ¥4 g JJ %k 4 (nano-
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structured lipid carriers, NLCs), 3+7E H. R H @7 PP, ¥
Fo i SR R i . BT FT 27, PP-RISA-NLCs &3
2 3% = T RISA-NLCs RIS 7 e /), H A4
EC N 7 13.2 4% . 25U, Truszkowska 2559 4%
I T — 0K 5 2 R A U 1) IR o A, IR A L R IR
PP. TEXE W &6 WA AME RS o) PP-JIG 5T 44 1) &6 R 2 1
PETE 6 h WECAR B 4Lk i 1 29 12 4%, [F] I ££ Caco-2
2 Ff 2 L L R ) A PR R e

Zeta HLA7 37 70 7Y S W 308 5 ) J I i 7 11 PR AT e
ARG, LU T AR R m A E SR
A XA A R4 F), R B R 2 A T AR G —
TEWE I IR R . LIRS 2 O A/AE T LA
RE 772 BRI AR 1) S0 H A 2 THD B R PR 2 1 DR B 1 LA
RO b R PRI TG T BB R AL S, E ALP fil &
N T P BT IE R, AT B ) AR ik 4 A ELAE FH K
JE BN AL B i B iz . BLE IR N BEOS B
ST 0 5 X B R AR A R P R 5 22 A SR TR B IE T 12 SR
FRTAT It S DR o o 0k Bl i SN2 B)) g 272 e 8 A4 ) 1
BORKNRN T, %K GEIH IR R H B N L IREY)
) o 253k 35 T R B AR
433 ZHENSHFFMEREERE AN TR
P 7] S W S0 LB A RT 5 T R E S2AA (RL T b R
MBS RG R ZE ) 1SRN ) S B, SE IR R B B ) i
%o WA GIERE R (lectin) AEAEZ BI2 5.

Lectin A 4RF 57 1 1R ) JF &5 6 1 b B 40 i 34 1 s 6
W A E R AL AR, X RE S P A e A A
AR AE 15 7 T8 BE 5 A7 1¥ 6 B i 8™ Singh SEPF R
T —FMHJIEEE A AR (concanavalin A, ConA)
18115 1 %545 B 3 W F (apremilast, Apr) [ g i 49 K 2%
& (ConA-Apr-LNCs). I I 58 R 0, Wil s =
IS8 T B0 HE R VE A, ConA-Apr-LNCs f 41 il 15 BX &g
FIARNAEMAZH 2 5 . E T A K BBk P 2430
fiff 75, ConA-Apr-LNCs 597 2H 7w H s B ) B 1=
AN AL TR EH o Abdel-Azeem 25 £ T
AT I ) SR B I IR BT 40 K A (C-TLN),
FH 58 ) if /N ASOE B 2 AR DOR T B KSR A AL .
WF TS5 SR, C-TLN Xof kI B30 I /IR 25 5 2
I 50%, % m T ARABM TLN (< 15%). 254K30 7
SR B, C-TLN A 1 IR A X AR P 0] FH R 8 U 25 5
RETE TR T 2.37 5.

Y 2 B12 & — M A & B S B 4E AR R,
BRIl i b R g b R B A T 32 4K (intrinsic
factor, IF) K5 5 MR 7, M1 A 5 B U™, Chalasani
SN YR R R B12 5 R B 21 A SROME 44 K 0K 1%
B, DA IF 2Rk is 4, B35 B8 T S RTERE IR

9 K BRABEARY e ) 1R G 3% 80 R

SZAAAY T (0 S A S ) S S o T Ak — B2 1 ] 11
RE SR TR, SIBIL T 0 oK R A TE i 3 I R R W 5 r
SF =V A E s R N E | e 0BT B
G, 1z B B E RS O 5Bk 5 A R A2 A 1
R AN a G, T SR AR TE H AR AL (A
J BB R AL 4 ) i B S s AR @ dlid F R bl
i) £ T 20 M B kR, T AR HE 25 I i b R i iE
@ TESE IR B BRI, G B T3 mia 7 e
e R AR R R I g R R AL 1 %
S5 AN A LE PR, (% SR 0 ToBE N FF R T — AR s L
R 7 0 1 R ) 8 2 RGP it 7 7 ) .
434 ZHEYBEWMGEINGELERRE Z4AEYE KT
17 25 ThRE AL TR s A5 4 AR A h B W R G0 (W 25 41
R AR SE) SRR AR ) B R R AR AL, B E RO R
BRI IE T RE I AR AR B R . R EEAR SRR B
FLA SR KM R I R R B K B S5 R (e
FAEHES )R ), X R A L e A B
R g E™ . Zhang FOBF T — R R M I REA A FL
AL TE 9N K R (MSN-NH2@COOH/CPP5), i i fi
o195 5 2% 11 AR, SO0 IF B L B v kB B E IR
B g b R IE . SRR R B RS, TERE R K
BRI o IR MR 50%. Sang ZPIF R T — R B A
i B 17 A5 2R TH ¥ D 454 I A AL AR RE G KR (chi-
ral virus-like nanospikes, CVSN). CVSN 7E % /i 5 i&
FGH 4% B T R P 2 A 7R K R Bk,
CVSN ({19815 25 5 23.19%, & ZE 0T RS KT 1
[i] {4 KR (11.58%), [F) B FL7E Caco-2 4H g H 1 48 Y
CEWARERTE ST

AR & — i R AR 1) P IR G K B, mT A 54
J 1) A= A SR AR 3, I L 4% 1 4 s 2 4 BT B i T R
I7 00 T W 210 AR —Fh R SR 10 AR o 9 K 34k, 4
WAATE BB 7] 259 335 U R DL T R AT SR . Wu P
il 4% 7 BB R 1A W IR AN A A (EXO@INS).
FL 7R, EXO@INS 78 TR PR K B b R 30 eh A0 5 2
TN SR IR I 2R 0 R IR ARG, R K AR A R R
BOIE S R T 10,615 . ML, Z ARG E miE N
B R A R e S 6t B T 2 B ) SR AN T

SR AT B A Y B R B L R R
ThAt. Wu B E M =1 T BB E 1 3R
Z I PEG 9Kk R 1H, 5 R LB I PEG KR L,
TER S B N K ks ) IR AE PR R R T 2.87 1
I B, 4T B 6 B A B o 00 PR B i 52 PR RN 5O
Song IR T —Fh i £ B AR B AR 8 1 1
AT T KR, 1% R G RE L HCE RIS IE, AR08
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JIR 2 A B R s, R BR RR T RCR -

52 PR R R IR AT A SR S DL A A A [ 45 4 T
BE— PRI, D9 AR 25 3 3% SR 1 BT H. v 2
AR AZ R B O D0 B AE T - BEADLS 35 3 Ty 1k 1
SRR VR 2532 5 R P A A 1 R SR A [ PR SR T K 23 T i
R S MEPLH SR A GNSIE . XA
VRSB T 5 3 - $ 1) - W e 45 2 E K BA T IR AT 2L
Bir ), FEBIL LR AE 11 R 25 26 7 (R 5% H 2P A0 o i o X
AW 2 GeE AL RIER AT 5 07 A A B BOR AN B
BEW, SRS AT B0 T IR 2 K 2490 [ s PR P A O e i
g te .

5 RESHE

M T R A D i 24 0 6 110 O B A B
Bz —, "EHA T2 A O REDFHE. &
GERRNT IG5 K 5 BRIEALE], X T it s o8I R G R
AHEEHFRE L ALRGLR T H il 75 )
21 RS AL B T R L B R, 1) 2% 57 P R M 24
Yy IR VR I AL, JF R GERER 1 2 v ki
e 10 22 o 0 K3 12 SRS, A2 S 100 2R BF 27 328 SRS 213
R R M 5 B 45 S N 52 A T (R S R R
LA AT e SR IG A5 X L8 SRR AL $R T+ 2459 1 iR
A EE D7 T FE B R4 0. BiE 2 2 RHR & K
J&, 2 B RN RKIE LG RGHTT AR, NG 1R
LS TR RS

SR, BLAE T 5 22 IR IEEE R 7 T 25 1 1 AR
ST A T 77 Rk Ao EL AR ) P ARG O el A,
A1 LR 7 5 T R 2R W R AR R B — 5 T R X 2R 25 )
B 5 BA 0T B K SRR E V2 BS B 2 5
W A7 5 53— D7 AR T B B T8 R B (1 LR, 6V
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