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Abstract: Due to patient compliance and convenience, oral medication is likely the most common and
acceptable method of drug administration. However, traditional dosage forms such as tablets or capsules may lead
to low drug bioavailability and poor therapeutic efficiency. Therefore, with advancements in material science and
micro/nano manufacturing technology, various carriers have been developed to enhance drug absorption in the
gastrointestinal tract. In this context, we initially discuss the key biological factors that hinder drug transport and
absorption (including anatomical, physical, and biological factors). Building on this foundation, recent progress in
both conventional and innovative oral drug delivery routes aimed at improving drug bioavailability and targeting is
reviewed. Finally, we explore future prospects for oral drug delivery systems as well as potential challenges in
clinical translation.
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Figure 1

Schematic diagram of major absorption sites and representative barriers of oral drugs
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Figure 2 Locally targeted delivery system to the gastrointestinal tract after oral administration
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Figure 3 Delivery system for non-gastrointestinal diseases after oral administration
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223 BEHEXEFRBREERSE LMK,
A4 B ok 6 A A Ak T I P B R P S 2 A, R
ZFEPESIR I GAR . THRER 24 DR AT B M R0 2 42 1
R, ORISR IR IT R ik . R, i 1
JIR 38 47 6 245 1 L 1 A 3 81 A e A D0 A P I AR AT AR AT
TEPRIR . SEIZ I, AR, SRA% B R A i 55 A 3
REL R AF 5% 3995 A 11 RES e B0 ) 24 9 ¥ 9 B AL T R
PEo Xu B8P W 7 — P h 1) B R AT 2 B S 4 1) 2¢
AR IL RS 40K BURL (LApBIN), A1) FH T 5 fIE e AH 5%
VI o AR IORE TT DA Dy b 1 AR WSO 2 21 B A
Y. LApBIN i i 55 42 A% 41 i 1) 2 4> 15 BB rEAH

SRR AR o, DT B T UK G A 7 45 BIIX i AR |
AT RN T JORE, MR v R S S R B, AR
97 AN 20 K S AR A AR B T R TR AE A o BB Ah,
LApBIN %5 2434 7] LACK3 i 5 3 4Pt . X Mt xf 2 F
993 732 (14 11 R EREL 1) 9 7 SRS W A9 R Ak IEL PR AR A JRE AR 4
S AR (A 20 IR I7 T 32 T 8 O
HIHNE . 55— 5T, Zhang SR T — R AH 0 7,
RT3 e 1l s 42 4l R 1 B Ak s 3 328 3% TL-18 shRNA,
PLYATT RERE /N R o X P 1 I shRINA /e RE 38 Fie 38 ) 1
W RARR TN T 1T P A 22 4 B BRI B BE . S
96 48 W R, IR IL-18 shRNA/EE 53 12 28 fE % i 2
IR FE PR /)N BRPC A4 B DI I 7 &, JF HAE AN PRI &
MG BL R, 38 B8 A B0 5 AR AR AR ¢ 1 40 i R
B0 MBS 7K o X — iR i o O IR 296 77 BE k4
e —FhoEr T REME .

224 BEIRKORSLHREZ WihEEm RS+
HX #2822 G0 2 () 11 2 200 (5 080, W R 2 P a5 0 b
Fan R HLE . SR, i ORE R A e E
2 Hb 3 2% A KM T I 14 22 Bk AR, 0 GIT A e 1% i b
e 5 LY 77 3 R I A g B B T R W, — bl
RANVERT 25 SEng 8L 5 p- R 4, A AR TE T
G 350 5 975 1A B A AR I IRIB T o AT 2 0T M4 i
) RIS, 20 90k B2 40 2R A1 B AR 4, JF 27 Jo o i 5 e,
I3 2% FH PR SR R A I H OB EOE MR 25 ), B B R
TIRITRURD,

225 LMERBORGAHRS T2 HERZMRS0
MBI A O, 5 2l ik ks RERE AL, X Sy S 3 1 IR AR 1)
YRR T AR R . Zhang IR T —RhR
Y C 7 VLR A T O I 0 1) J7 vk o i IE LT R 4
KA = A B YC Y, BT LU W 4 i 4 I
KA Rr . R I Y C 1 B ik B Ak 216 25 1 E BRI
(ApoE-/-) /NI E Bk BEHh FLUSR . AN Hb, YC 7E
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SR FERE AL ApoE-/-/IN B R T H B 5 1 Th Ak
XA WPR, YC R BT RS AR S, v T 0 k2
WK AR IT B Ik o R A5 AL A H A e . IR Ak, Guo 5P
TER T —FiA i B AS Ui 14 11 AR AR 53 3R & 4 40 K S kL
(FA-LNPs), A AT DL 34 00 g b 57 (1) %5 i i 12 FTE
YRR B e A (1) B8RSk A 2w IR i B L Rz B, 3B AT
DA = 2 #E 1) B3 3 20 K BE PR A 7 595 48 B 40 i o
. DAL 250l B2 25 (naringenin, Nrg) N 250,
I8 T B % FA-LNPs % 1F 4 IR 99K 254 (FA-LNPs/
Nrg), J& I bk 1 e 20 Bk o 6 A A4 T 288
22,6 OAAEEXTROBRBGMBERSG HEPRYTE
T A UE B AT DA o3 22 Fhope s I 2k 8, B |l T8 = A 2K
(4% 3% 2 G011 52 B PR . Zhang S5 37 7 — Fhi i
FEHOFE M YC AR 1% A A & 18 (IL-15) 56 K %
RNA (shRNA) K 259i83% R G, 1Ak Hx G e &
KT RIEH . R EIR, 73 IL-18 shRNA 1 YC 4
24 30 3 PR T 5 A RN 993 AR S0 TL-18 (R IE, T
I ZE AN R G JORE SO AR O I e T i IR AR
B RAT R bR B R IE R PG . X T 5 R W,
YC A S ORISR G AT RE &G IT B 2T R —Fh
H B EERR T SRS
3 RESHE

B LR W e SL mESE T — AN A QF B 259
e 77 2NAe Il I BRI 122 N T 2 M R ia
IT, M 2 AR b B, B RR S AT AL XA
PSR 2R B 1 IR 24544 328 SR s A B2 D F AL 3 IR 7 V2
FERTER AR . SR, UM B M D IR ZG W R G £ AL R 7E
FE = 230 10 AR A ) P RN G SR AE 8 M 1 e
PrBETT. BARCHIPIRER T 4% B il LAY A2 i
%k R4, (B TR B, FRE#— PR E 2
(O repli Ik ks o NI 1 SPNE 2 €| = D7 =K IR Tpe S
GUARH T R P9 LR A I 9 A2, (H 3L AR IR R
RO AN B B, 5 ZER SR — D B . b Ah, BT
5 I 200 D 1 4 By P 0 B ) ¥ o A T I Bk R, 5
2 ff 73 A X Ta] 14 RN D)) B B A A, A7 AE 22 AR AR B AT
F& 0] BE 5 BUHE R B SR A AN RN, 3K 2 A SR A 9T 7
BRI . [FIEE, B DR EE I R G B
R ik B4 B AT, M ML IEE AT
HEG, KRR GG 22 S 1 R 24 4 %6k 441 B R0 41 B 2%
(RS AESE ), TP TSR 1R 2R . Bhah, BB %38 R
gu (WnghoK 2 A7 TH I i PR G AR Bk sk, 2 T AR
GRS RN . 5O E S HIUIRH Kk, &
BRI [ N 22 FDA L 1) 99K 25 90) 22 R F i ok 68
Kz, BT, 0KE TR 2290k ER
TIE 22 4 1 T ) X AR ) 2 AT b3l D) 75 A

HEAN AV A A 7= PR R 5 R AR R g . — HR 253k
il e A, A e AR SR 7R R RT RE AT R AR 2 W HUAR,
FEE A OREEKAER, TR T BT AR A HVRIT AT REE -

1B STBk: AMIB ST S B BRI BN A L ST
BLARAT 88 2 I S ST HR B R L, W S DT HR B R SC#R
EN TSI P

FIERSE: ASCHTA A& IR BRI RK AR
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