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ABSTRACT: The development of oral delivery systems for protein and peptide drugs has long been the goal of the pharmaceutical
field. However, extremely low bioavailability has been an unsolved problem in this research. This is related to the physical and
chemical properties of the protein and peptides, as well as the three physiological barriers: the complex pH and enzyme environment
after oral administration, the mucus barrier and the intestinal epithelial tissue barrier. With its porous rigid structure and high drug
loading and strong stability, inorganic particle carrier has the ability to penetrate mucus and transport intestinal epithelia after surface
modification, thus overcoming the three physiological barriers. This study introduces the current clinical application of protein and
peptide drugs for oral administration, and the mechanism and coping strategies of physiological barrier that limit their oral absorption.
Additionally, the application of inorganic materials as carriers in the oral delivery system of protein and peptide drugs are
summarized.
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pH 1-4 Mucus  Epithelial
Pepsin layer  layer

Transit time 1 h

Permeability challenges

pH 6.5-7
Trypsin
Chymotrypsin
Carboxypeptidase
Transit time 10 h

pH 5-7
Intestinal flora
Stool presence

Transit time 20 h
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JORTiER sl — PR SR , e e BB 1 T - 2 A RSB B A IR
EFRA = Ik IRAIRE (9 23R o IR, 444 PPDs 76
J 38 A AR, 2 11 IR PPDs BIF A I B FiT SR —

iR PPDs 7 1 i Hh it e e Pk, 38w R G 1 H N
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Strategy Common name of drug Comments Dosage form Indication Status Company
Add excipients Parathyroid hor- Excipients contain penetration Tablet Hypoparathyroidism; Osteopo- Phase Il NCT03516773  Entera Bio. Lid.
mone enhancer SNAC and soybean rosis
trypsin inhibitor
Exenatide Enieric coating; The excipients Capsule Type 2 diabetes mellitus Phase Il NCT0O4564846  Oramed
contain penetration enhancers ;
EDTA and bile salt; Protease
inhibitor ; aprotinin and soybean
enzyme inhibitor
Octreotide Application of TPETM technolo- Capsule Acromegaly; systemic child-  Approved in 2020 Chiasma
gy: enteric coating, compoun- birth, psoriasis and gastroin-
ded with sodium octanoate as testinal disorders
penetration enhancer
Insulin POD™ Technology : combination Capsule Type 1 diabetes mellitus Phase [Il University ~ of  Texas
of penetration enhancer EDTA | Health Science Center
bile salt, peptidase inhibitor San  Antonio/ Oramed
and soybean trypsin inhibitor Pharmaceuticals
Salmon calcitonin - Peptelligence™ technology : com- Tablet Osteoporosis;  Postmenopausal ~ Phase Il Enteris Biopharma and
bination of penetration enhancer osteoporosis Tarsa Therapeutics
SNAC and protease inhibitor
Semaglutide EligenTM technology : the excipi- Tablet Type 2 diabetes mellitus Approved in 2019 Novo Nordisk
ent contains the penetration en-
hancer SNAC
Nanotechnology Oshadi Iep Silicon dioxide nanocarriers unknown Diabetes Phase Il Oshadi Drug Administra-
tion
The “robot” pill Octreotide Enteric  coating;  Micro-needle Capsule Acromegaly Phase T NCT03798912  Rani Therapeutics
RaniPill™ technology ; Add local pH regu-
lator citric acid into the excipi-
ents
Self-emulsifying drug Cyclosporine A It forms a self-emulsifying system Soft capsule Immunosuppression Approved in 1995 Novatis AG

delivery system

Acts locally

Chemical modification

Vancomycin

Colistin sul-
fate

Tyrosine

Pancreatic
lipase

Taltirelin

Linaclotide

Desmopressin ac-
etate
Plecanatide

Impurtiy

with oil phase, surfactant and
cosurfactant to increase intesti-
nal permeability and inhibit P-
glycoprotein efflux and P450 me-
tabolism

Play a local role in the gastroin-
testinal tract

Locally acting on the site of bac-
terial infection

Local action on the throat

Local action on gastrointestinal
tract

Amino acid replacement

Cyclization

Cyclization

Amino acid replacement

Capsule
Tablet
Tablet
Capsule
Capsule
Hard

sule
Capsule

cap-

Capsule

Gram-positive infection;
pseudomembranous colitis

Infected

Pharyngitis

Exocrine Pancreatic Insufficien-
cy

Spinocerebellar  degeneration;;
systemic delivery

Trritable bowel syndrome; chro-
nic idiopathic constipation

Central diabetes insipidus; pri-

mary nocturnal enuresis

Chronic idiopathic constipation
(CIC)

Approved in 1986

Approved

Approved

Approved in 2015

Approved in 2000

Approved in 2022

Approved in 1995

Approved in 2017

ANI Pharmaceuticals

Biocon Lid

Sanofi/ STADA/The
Boots Company PLC

AbbVie

Mitsubishi Tanabe Phar-
ma Co.

Actavis

Ferring Pharmaceuticals

Synergy Pharmaceuticals

—

@ MCP @ MpPP

CV Lumen

Luminal mucus layer
(rapidly cleared)

Adherent mucus layer
(slowly cleared)
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Intestinal lumen
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FEo BRI RS ARG RGN R —
BRBRL Y A U B AN JCHLR R, F AT HLAS AL S 44
KALLG 2 B GUI AL T Z I EIA LA . A WL R A7 fE 3
KT EPHE T H A PPDs AR 1 9 KUK , 72 B - AR B I
RGP AR T AT LB IR B2 AR, R v 2, 25 e
B W i 5 A T e LA — A
e M RIPEZS A, 16 B il A o I, HLAA 241, ki
BUR B, 3200 5 T REAL A st e ToL A ek
AR AR B R A HUAESE AR (18] 4) C O B
BURERHG S B o LUR KT PPDs R4 25 & 4 rh
A TCHLE AR AT ERIE

Mesoporous carbon/

ili i “arbon nan
silica nanoparticles Carbon nanotube

Gold nanoparticles

Metar organic

Calcium carbonate Framework
T

Graphene oxide

B4 T PPDs b4y ktrse 2 Ao RALH AT B

3.1 —Hf

AR, AR AUR BRI AR 5 T4 R, 5 T k4T
LM, A WAL LF X B s b A W) pH PR AR &
SUEE DN T AP S S 11D o | M= R B2 1 T AR €
FLER FLBETEA BRI R AT LR /NS W] 8 0 15 B A
TR

BRI B RIS 0 AL A AR, AR AT
H A TE IR, S m A A T . W BHE RS S8R AL — 5
etk P IR 8 3R 78 B P AR A K BRI 2 5%, 1T 1)
Ji i R A TS I B A BRI B A AL M
TR T R R B T 4 SR AU AL Ak
AR S 2RI IRAZ G 2 E AR, TIREY .
HE 1] IREEXT A L A RE AT L B B M, BE R B — PR
PPDs (1) FIRAE DRI o Zhang 45 7E 4L = S8 Ak fik e i
BT BH S 4 25 35 BACRN 1 85 7 I — BRI . A KRR
TBELAZ 6 nm, S ZE A/ R 2.5 nm x2.7 nm x3.3 nm !,
RN 18% 2 T i B2 i A TR R B BH B TR
s G T H Ay AT R e, HL R SRR, BE DR 5 I R 2
B b 20 2 T 5 2 I E o B A LA S R AR
FHL G IMEAKRLAE I b B HE 85 W5 12 . AT IR S &
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ILRY LA ZF AR, TR BB R o PR R

Hh [ 2720 5 2024 4F 6 H 5 59 5 11 )




A FRKAEFN AT v Y 2R TR PR B, 7E R Y B R T
36% o BRI R & AR AR AN E O S0 A
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Z 41, Aradjo %7 [FIE I FE R (CS) 0240 2 28 ik ( CPP)
B 22 L ik 44 Ok WURL (PSi) F1 R FLIR-F2 Bk R AL R W)
(PLGA) (32w A R AEAR-1 (GLP-1) . B 18 A 7E—
JIKFE KT 4 (DPP4) BERSTE 2 min N fif GLP-1 3l B . 1%
WFFE T R P BAR 5 HI F RGBS DPPA [yl 5 7]
I EAE AR R T B LT e R b R IR S8k
KL, PSR R R GLP-1 (A0 B R R 2 5 53 31| 75%
M T.5% ,PLGA Xf i 1K 2ty GLP-1 (G 3 R A 25 =/
Hh 59. 7% F10. 07% 15 # A0 A 968 B i T &
B ) 5 IR s i 5 45 19 2 o B R ek R b
PR A HLEAR A LS

B T EGRIER R D IRG 25, BN EFIRITR T R
A AL EARE TIRE RS AR IE . Xi Y DR i
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ZERAGREANARIIORL , TR R AE W 1 52 A i A B R B
WA ZRRY GORRAE RSN 12 d BB R L 50% , H.
AL BSA 25568 . Kumeria 45 Ji] PSI 8 6 22 B
H A2 (TgA2) AR, J4 H R e WY IR IR 4 v, 7 Jie 38 b
f.% pH (BRI N SR A W IR TR IR I o RSBl As SRR WY i A4
RENTIHWR PR BUARARAE T 45% ~54% 193Gt I
Hb A N ZF A RE 9K ORI T H IR 8 R AT
WG T A RLAR I Z bk, IR 18 1A W] 1Y) B R
P Sk b A L T v AT RS | DB R RORL 1 5 R R ) AN
BYERE. SRS 0l R R BURE 25 AR LU, A 6 AT A DR AL
AT T s R B AR R Y E A B 6
&, BB R E R
3.2 BHmAKMH

RN AN BHE A B2 27 AR B SUR A I8 L
BRI AR AR AR B I i A L O2E
ML FPERE . et s 1% R P {8 ik S T 7T 5 At R R A
R R AR D I RRAN AR A 2 245 490 8 i SR A
H BRI R LR BR AR AR R A A R
W RO IRE

TENE DRI HOVEST 0L, BN KA 28 2 28 AR B o
KI R MBEVE T, Bt @ R 5 R 1RG22 R G TR T
BT, Ganeshkumar %55 JF % 1 Uk A7 56 S5 A1 D9 M 1
R L-100 Ay b 28 Bk 94 K BRTT TR0 280088 55 R . iz &S kN
KREREAMAA PR, B8 9% 38 1 i 7K A A2 2F 245 1) 15 J e
B RIRIRIAG L-100 R i A, 5 25 W) 7E | ) pH 25 4F T
AR RN BRI K RAEZR 25 4 b J5 HUOBE /KPR AIG
2GR 33% , HIRMASCRFEE T 6 h,

FIWE R Ax K ( Musca domestica cecropin, MDC) J& —Ffi4
JritE S I R E R, S ikm MDC i 1 iR A= Py )
P, Zhang 254 JF % 7 — Fh i MDC 14 £L 1% 44 K J50k:
( mesoporous carbon nanoparticles, MCNs ) ZH Jili, it) 5 784 45 iz #0

T E 2528 2024 4E 6 H 5 59 5 11 )

) 1 R 2599388 3% F- & (MDC@ MCNs ) . 5 MDC A§1t, MDC@
MCNs 3 H S0 S A0 R A 1 B SR BB g, B 5 i 4 s
BN NCM460 550, [A) N TEZS i 48 X8, FH B 12 1 3Rk
R AR R A 2R SR T AE AL AT S i, MDC@ MCNs 5
b B A e e VR T M 5, R RN RS R, O R A W R
TR

AR KL 7E 2 B I 1T 8 2% v g BT W . Wang
AU T — R B K PERR R R (CL) , T4 3% BSA,
BN AL T HAT ALK LS5 M, B2 B . BSA $4)
FAEAS IR A FLIE 25 1 22 ) 10 2R B M AR, A e 1 im0
PESETR o AIARRL I GE /K (X MR S A 3, ek T
M 448, Balb/c /N ELITT IR G128 BSA BRI KAURL
TG % 8 5 L S A BSA AR — 3, 76 17 18 | el Y R 9 1B
S3UAH)  AET LURIN B TgA, ELAR B T 40H 40 5 1 SOy 44
B R XTUFFEAESE T R 44 K JURAE S 1 IR 1 AR 1Y
w7 Bavandpour[m W 2 L7 Z YL ( Cholera toxin subunit
B,CTB) gk B A FLam AR AT, DRGSR B IR
T E PG AR 4 7R B35 BT CTB 1gGo ZARKL 17T
DMRT I 5 52 BR PR RN AR I /K A B 04 52 ), 2 1 RO 1 1 R
U adA
3.3 RER4E

BRIRASAE 4 i A, BA LB AR I 3, g b
ML PR EVE IS E PE R 2 FLEE 8 A a2 . iR
HRIROY), & BALE AR PELT A A R R ) AR
AL

H RZEH R BRIRES AR RE S A B B 1l Re i
AT HUEL 1 B B W5, HBRIR S A B B Rk
L P RS R, 75 A MPP B3R Snook 251 3 b
BRERESUTIEAE S 1 438 ik KFES 2/ 4 27 4 1) /k 2% i ol
BT KFES 4K 2T 4E-fik iR 45 52 5 G A RL . IZ B 5T LA DRV
H 11 (ovalbumins, OVA) Ny RIHT 5L, B HAU 4R 7E KFES 44K
FYE-IRIRESE A AUORR . 5 0 lREeFf OVA-KFES K &F
4k PBS 5, OVA X IRAL/NERAH LG, 76 IR T OVA-KFES 44
K ETYE- BRI S 5245 AN ACRLY /) LSS58 42 B v e ) 38 B2
AR DRI S R R T, RER 5 I R #5 T B8 i A
Ao Liu 20 R FH SRR 600 3 o 10 4 17 i WA TR R O
JEBIBRIRES A AR EAR PR DR R B R . B
PR T AV i R A R R B3 v 9 20 ik S 8, i v R 3 3R Y
FREt . REROIR LRGBS , BRI e 2 5 B B FEgT
B & ZRARTE 197K
3.4 &4 KK

YRR A YA A, LRTE R, 5 5 549
SrFEEAAEES | I A B F AR SR T R T
BLS R IENACA L IR 1D o0 D A VA S § -2 20) 1 11 A
il FLAE A A R 24 383 L T 0 18 W 2 S R LA
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FRAE I 2 10 B 2% AR . Cho 451 | i i I 1 %
B SRR 2. FIR2 h )5, M3 RS 2 W
P38 VR B EL R S RV AL 6. 61 5,4 b IR
KPR T e 5 R 4 . Bhumkar 250 5 a8 17—
T SROB A0 S < P KR, Al E 1 & SR AR L 198 i A0 %
B, Kang % HF & th— 7 1 i % Akt siRNA 19 40K 8
W), I TIRT7 45 B TGRS o A RORL I8 3 e 4 A0 K OkE
B £ — 1 58 TOBE- A T IH FR AR 16 4 , 012 30 T o P
AT B A2 A AW . RS A 52 35 2 I, i 15
Akt siRNA 350 24% JIH A0 0 T2, I 238 < 0 KR ) o
i) Akt siRNA T2 67% BT AN JA T

BRICZ AL, RN T T 5 HUES &, B A 1R 1 )
BFFE R & ik . Barhate %57 il 45 1SS ML REAL A 444
DKL [7] IS 42 A 475 XU 17 ( tetanus toxoid , TT ) 15 J32 11 5 751
AR . (RIMIFSE B, CsGNPs 1] U TT 452 5 o
PRVEFRIZ I K i o DR S5 255, A0 K KL 5 - Y B 8 BN 2
TT ) 28 {5, Esteban-Fernandez de Avila Z: 2kt & R 5
FIBE A pH R N3G Y12 B B 90Kk, B
YR E R, WAMIFFE R, IZ0K K] LUAE Smin P 5230
80% 9\ s AN A T, 3 00 T A~ Db 2 RR 2 1 e
BTk
3.5 Hi

BT R WA EARSE  38 A R Z TEHL A T T PPDs
1A 33808 B9 BIE S, QTS 28 RO 1 R Rl K A < TR A HILAE
20 BRRRAY WEIRESSF
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