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Application of penetration enhancers in oral peptide drugs
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Abstract: Peptide therapeutics are characterized by high potency, exquisite specificity, and low toxicity, and
have therefore been widely adopted for the clinical management of diverse diseases. However, their inherently low
gastrointestinal permeability, rapid enzymatic degradation, and multiple physiological barriers collectively result in
extremely low oral bioavailability, necessitating parenteral administration. Compared with the more convenient and
patient-compliant oral route, chronic injection is associated with poor adherence and an increased incidence of
adverse reactions. In recent years, extensive research has focused on permeation enhancers (PEs) based strategies
to improve the oral bioavailability of peptide drugs. This review systematically summarizes the mechanisms of
action and clinical applications of representative PEs-including surfactants (sodium caprylate, sodium caprate,
alkyl glycosides, bile salts), chelating agents, chitosan and cell-penetrating peptides. It also summarizes related
patented technologies (Eligen™, TPE™, GIPET™, POD™, Peptelligence™) to facilitate the development and clinical
translation of oral peptide formulations.
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Figure 1 Gastrointestinal physiological barrier. Created with
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Figure 2 Mechanism of action of penetration enhancers (PEs).

TJ: Tight junction; HIP: Hydrophobic ion pairing. Reprinted with
permission from Ref. 38 Copyright ©2016 Elsevier
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Table 1

Common penetration enhancers and their mechanisms of action. TDM: N-Tetradecyl- f-D-maltoside; DDM: N-Dodecyl- S -D-

maltoside; EDTA: Ethylenediaminetetraacetic acid; DTPA: Diethylenetriaminepentaacetic acid; Tat: frans-Activator of transcription peptide

Category Example

Mechanism of action

Surfactants Sodium dodecyl sulfate, laureth-9, sodium

taurodihydrofusidate, poly oxyethylene ethers

Fatty acids and their Octanoic acid, decanoic acid, oleic acid, linoleic acid,

derivatives
Bile salts

acyl carnitines, mono and di-glycerides

glycocholate, sodium glycodeoxycholate
Alkyl polyglycoside TDM, DDM
Calcium-chelating ~ EDTA, DTPA
agent
pH adjuster Citric acid, salicylic acid, tartaric acid

Cationic polymer Chitosan and its derivatives

Anionic polymer Polyacrylic acid derivatives
N-Acetylcysteine
Cell penetrating Tat, penetratin

peptide

Sodium deoxycholate, sodium taurocholate, sodium

Perturbation of intercellular lipids, lipid order, orientation and fluidity.
Inhibition of efflux mechanisms

Increase fluidity of phospholipid membranes, contraction of actin
myofilaments, opening of TJ

Form reverse micelles and disrupt membrane, open up TJ, enzyme
inhibition and mucolytic activity

Accelerate biofilm flow and enhance cell membrane endocytosis,
briefly opening up TJ between cells

Interferes with Ca?*, chelation disrupts intracellular junctions and
decreases transepithelial electrical resistance

Because of the pH change, local proteases are inhibited, acting as a
chelating agent to improve paracellular transport

Combined effect of mucoadhesion and opening of TJ via ionic
interactions with the cell membrane

Combined effect of enzyme inhibition and opening of TJ through
removal of extracellular Ca?*

Reduce the viscosity of mucus layer by breaking down disulfide bonds
Entry into cells through endocytosis and direct translocation
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Figure 3 Chemical structure of common PEs. SNAC: Sodium N-(8-(2-hydroxybenzoyl) amino) caprylate; 4-MOAC: Sodium N-(8-(2-
hydroxy-4-methoxybenzoyl) amino) caprylate; 5-CNAC: Sodium N-(8-(2-hydroxy-5-chlorobenzoyl) amino) caprylate; C10: Sodium caprate;
CS: Chitosan; TMC: N-Trimethylchitosan chloride; MCC: mono-N-Carboxymethyl chitosan. Created with Chemdraw
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Figure 4 Mechanism of action of C10. DAG: Diacylglycerol; PLC: Phospholipase C; PIP,: Phosphatidylinositol 4,5-bisphosphate; IP;:
Inositol 1,4,5-trisphosphate; PKC: Protein kinase C; IP,R: IPs receptor; MLC: Myosin light chain; ZO: Zonula occludens. Reprinted with
permission from Ref. 52 Copyright © 2019 Multidisciplinary Digital Publishing Institute
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Complete erosion of the
oral semaglutide tablet
takes place in the stomach

The buffering action of
SNAC raises the local
pH by neutralizing the
acidic pH of the stomach

The higher local pH helps
to protect semaglutide from
enzymatic degradation and
promotes monomerization

SNAC fluidizes lipid
membranes to increase
membrane permeability
and allow the passage of
semaglutide across GI
epithelia via the
transcellular route

Figure 5 Mechanism of action of SNAC in Semaglutide tablets.
GI: Gastrointestinal. Reprinted with permission from Ref. 94
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KRS R, R AR S R T R R A0 R
B, FEEAR, DVARA PRI B 10.2%, A 722 B i b F
F o Wang Z5"YF I RE i 00H B2 4 1F S04 il 2% 1 L 3K
R AR T A4, 1 IR T A 2 o Y s 51 P O 2 4%
ERIANA Gy

Zhou ZE"IE T I A L T — P AT PLGA & Tl
14 1B 460 BE R (%) 44 K UKL (DCA-PLGA@IL) 26 3% i
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HNREKEE. DCA-PLGA@IL = iR f e Mh i, H
B B R R g A 58 AR G KR DIRAEFI
FEHE R 2.09 fi
35 FBRE

70 S WE T R I T F R, e I R PR
3k 244 5 4 i R S P e PR A ELAE P, B e TR A 18
. CSHtH PEs 59K E AN E T ael™, v &4
ZiWAE B i ) Fe e M B U . Sonaje Z5"H]
CS/y-PGA NPs 73k ik 5 2, ¥R T 5 A i ik 2, H
HR A= W0 F P B BEIE 3 20%.  Guo SR A F ik =
LK 7o SR BB FE T IR, LB v e, AR AR
IR FH b AR AB R 10 7 27 1% . Yang 2502120 TMC &
PRI IE, R AN AR = AR E 1, 1 h BRI
ik 90%, 1 RAPIRI I E 9 9.16%

Maria 55" ] 7 2 £, 2 AV 550 B M R A& 1 CS I
BT B R AR I 3 Sl Ik, R B AR R CS P
T 3M64E, 5E DREDFIHE R 7.21% . Ziebarth
023 1o T R R A ) % e SR K R R
JOk, AT CRAPER I 80% FRH & K £E A4S A0L 1B RN 11 R
R AR . Lee IR R T — MBI A HLE 1 %R
i A Eudragit®S 100 2H il 40K 2 4t 1 I 33 36 e 1 2%,
79 pH 8RR HL38 58 T 25909558 MR, 2 R
K7W BRI K BRI A K P
3.6 ZHAAEIERK

Y1 o % 37 O A 3 Ik 40 M P9 R R B B O A 5
B 3 259 i 10 R, 22 4 PE o {HZ& CPP )
B W 18 B R AR, 5 AN K08 1% R Gk A By b L BE

fift o Li %R 5L T 4 A 41 ML % 3% Ik SARGEW [ 7%
SRBE YN OK UKL 346 328 B 5% 2R, 12 o) 711) 10 g e of s 2 R A
T 76 SARGEW [Pl 77 . b Ak, e my i 72 S0 OR 37 %
SARGEW 3% 4+ I [ 7K fiff il 1) X0 2R AR FH R 47 g & 3% 40
SRR, R R AR R w4 .

Guo FFI BT 1y 4 i %7 3% IR Tat ) 52 SR B 4K
WUkL (Tat-CS-NPs) [ AR I% 5 2. 0B R 95 K R
FLAE W], Tat-CS-NPs [ [ IfiL i 24 R 52 PVA-NPs [1] 6.89
r, CS-NPs {1 1.79 f% . Zhu 55" H] 401 Jf2 % % ik Pen
R N i B i AL 1) 2 W K Sec A 15 1 44 K Bk,
Sec-Pen-NPs [1] Caco-2 il ffl Papp /& Pen-NPs [] 2 £i%;
Sec-Pen-NPs (1 K 5 g & 2% (1) A 0 42 90 F) F & /2 Pen-
NPs 1.71 .
4 BBEEEFNIGKRARS TR

HAMXE D PEsHARFFR 2B Mzt 5H
RO, A5 DUk NI PR 56 i B A 06 L R R B 4R
Eligen™. TPE™. GIPET™. POD™. Peptelligence™ %,
e b T EOE &b T s R B AT B B B AR R Ti?%/li%
T2,
4.1 Eligen™ A

Eligen™ t 3% [H Emisphere Jf &, &£ % & 8t 55 A
JoT e G AT AR A R A0 ) 24 P ) 1 i 3 B il Ok AR
FAUY, Emisphere A 78 I BAPIA A, HiATTHI PEs 52 ik
I B (B 6), = BhE I 5 4 s R s 4 -
JIRZE 25 RN AR 77 A2 K L0 AH BLAE H 2 o 254 )
PR 5 (X ARSI E R R T ), AR B A
Yk 25 2 bR a0 s e B LB B )5, 30k 5 254

Table 2 Oral peptide drugs already marketed or in clinical development. R&D: Research and development; HTBT: Hefei Tianmai Biotech-

nology Development Co., Ltd.; Biolaxy: Shanghai Biolaxy Pharmaceutical Technology Co., Ltd.; sCT: Salmon calcitonin; C8: Sodium

caprylate; Cap-NPs: Bioadhesive calcium phosphate nanoparticles; MCFA: Medium-chain fatty acid

Drug code R&D company (Country) Durg Technology/permeation enhancer Development stage
Rybelsus” Novo Nordisk (Denmark) ~ Semaglutide Eligen™: SNAC Approved
Mycapssa” Chiasma (USA) Octreotide TPE™: C8 Approved
Korsuva™ Cara Therapeutics (USA)  Difelikefalin  Peptelligence™ Approved
Enteris Biopharma (USA)
ORMD-0801  Oramed (Israel) Insulin POD™: EDTA, bile salt Oramed: Phase III completed, study suspended
HTBT (China) HTBT: Phase III completed, under regulatory
review for marketing approval
SMC021 Novo Nordisk (Denmark) sCT Eligen™: 5-CNAC Phase III completed, study suspended
TBRIA™ Enteris Biopharma (USA)  sCT Peptelligence™ Phase III
Tarsa Therapeutics (USA)
IN105 Biocon (India) Insulin GIPET™: C10 T1DM phase I
T2DM phase III
0I338 Merrion (Ireland) Insulin GIPET™: C10 Phase II
Capsulin Diabetology (USA) Insulin Axcess™: Aromatic alcohol Phase II
Ovarest” Enteris Biopharma (USA)  Leuprorelin ~ Peptelligence™ Phase II
Nodlin Biolaxy (China) Insulin NOD™: Cap-NPs, bile salt or MCFA Phase I
ORMD-0701  Oramed (Israel) Leptin POD™: EDTA, bile salt Phase I
ORMD-0901  Oramed (Israel) Exenatide POD™: EDTA, bile salt Phase I
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I8, LW E B RGN R AR G B R
F &% 2 i /& SNAC. 4-CNAB. SNAD. 5-CNAB il
4-MOACP® H #i M 1l Eligen™ /4 & 2 1Al T R 5
A TR CNEKBE K YY3-36.sCT.PTH 1 GLP-1
A B AR AT

Transport mechanism

Drug molecule
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Figure 6 Eligen™ mechanism schematic diagram. Reprinted with

permission from Ref. 91 Copyright © 2006 Springer Nature

Novo Nordisk 23 @ #] I SNAC HF A T H R R S &
Jik (Rybelsus®™) T8 97 2 BUBE IR m, X2 15 3t o
Jil 45 245 1) GLP-1 32 /R ¥ #)) 77 . 7 10 15 PIONEER |lfi
PRARGS el 3t 9 543 i il N 2 BUBE SR Wi i 2 5,
Rybelsus® 117 X F1 22 4= M8 4T, B HbA e B#IlE K, 9
3K kP, (B 2 Rybelsus® 19 245 49 Fll B B AL 25 1%,
LR B2 i T R R S 7

SNAC s Eligen™ £ AR 5 4y 5 itk 1) #44, B Rybel-
sus“#h, Novo Nordisk 2 &) #F & [#] 37 7 GLP-a 3 5l 7
(NNCO0113-2023) 3 &b T 1 #1IE JK ; X EH GIP/GLP-1 %%
RN 7] (NNC0090-2746) B C 58 A% IIb W11 7R e s
K% Z/GLP-1 Z AR 3L 5 /1) (NNC9204-1177) L 58 B
LA R, (H R BB 2 A 2 45 5 2 H T
KM PCSKO 11 7] (NNC0385-0434) . 5 1% 1T 1l
Ko Ub4h, &7 5-CNAC [ sCT ¥ i (SMCO021) 31
56 B L 3 I PR BIF 5, L JHG R e AR ST R HE 1 31 AL
o, B TEAS R A 280 i T2 R Tk = T
B T (0 Th R, FLRI R i 2845 M1, 4 CNAB [
FHFJE 5 2=, TR PR ARG 28 58
4.2 TPE™#H AR

2 [# Chiasma Pharmaceuticals JT % ] TPE™ g1 #i
PSR UL PRI 2355 7K 245 49 R B 7K 1 ek P A R 2 R
TPE™ DL C8 24 PEs, #1715 % % 452, g ) 38 532 38",
P T 7K A I ol AN R B v e, e R R T
PRI 5B 1 FL B A . BEAh, SRR R IR R T S AR
WIREAR FLAT F, 51 ARSI 17532 3 1 KR

Chiasma #] /i TPE™ FF & B Rk % #h Bk &) 7
(Mycapssa®™) H 1697 i i AR KRE, 56 R T 3 T 1T 3 1
PRARES F 11 T 2 B 52 f 25 R 30 ) %= VIR 7L, IF 3R 43
FDA it b " THAIG RS 27 20 mg F1 R i) 57)
FT0.1 mg Bl IR 5 77 B S R 2508 1 54,
HEF M7 AR BRI, LA O AREY R A E
90.7% o B P Ji 1 2 T TIL A I PR R s B T
F B, H R B A AT TR IR R
200 fi5 LA B, A
43 GIPET™H#H A

GIPET™ 1 %% /K 2% Merrion Pharmaceuticals JT &,
F B HE LT R B R D R I GIPET 1. & T 1 4K v 8k
Fi2 B A C 1) 0 H B T DT R H I R T L R G
GIPET 11 AT 2 T o % S 7 B2 497 28 ) 19 GIPET 11,
GIPET™ A J& f i o i J2 300, L AE g 1 A B (1 s el
AN A EE 20 R B 2G W) 5 PEs #5 B AR i X 3t
[ B TS - AR R R 8 T CMIC, BV RT (i 3t 25 4095 381,
WAk, B T A W] 7E iz N BRI 4y i, 1 OR PEs 245 75 1
VR EE TR L FIRE N, R il R IS IE .

Amory F "R T HEF GIPET™ ) Acyline 1 ik
7, o TG PR 72 B, 3L mT DL 38 o) 1 55 14 1
52 NER AR R K, AL AEAR R . it
4, GIPET i T8I R 5 2R &R =AM /7R
R, DR 7 FF AR AR PR N 3.9% ~
7.6%; FEF GIPET™ [ il 25 &0 2 16 °F 3 4= 4 F)
F % N 2.4%, 1 22 _F T i DDAVP® 4 2 F ] FE AU E
0.2%",

1 AR B & 25 338 (1338) /& FI H GIPET 14 AR ¥
&5 C10 LA HI B A 77, Halberg &M AT T 11
Il RIS, JEIT ROR S T B3 2 =, W 7 A NGE
2 RN PR S8 ) IR 42 o) 5 (L DAL 7 b S PR, o R o
R YEZIEZ I H . Thomas 25 ¥ it £ 4% 1 7 il
1R R 1 i AR g B 2 S5 L) O1338 1 01320 Jf:
FIF GIPET I 4% AR 36 3%, OI1338 ££ La M I PR 12 56 I b
RS B W — %, R ENARSE
PR O1338 {54 1) 1 AR 2E P FH 5 38 21 3.0%

44 POD™H AR

POD™ i1 LA 551 Oramed W 75 FF &, 1% 45 A 53 551 K5
JiR I 25 S B 7] L7208 Y T (EDTALJH #R) Tk 4k
F B E NG 2, T2 RO E AR Y. Oramed F|
POD™ & [t ORMD-0801 5&—F [ AR EE 20 N\ Jik &5 R
TR, AR BEIR 18%, J7 305 B2 RIS A, HAS
2 B AR B A I & A2 . 2023 4F 1 H, Oramed B
A1 ORMD-0801 [ TIT J Il PR 156 25 SR % A s B = 2%
SUFICER 4 T, Oramed B J5 457 16 T 1% 2410 2 BURE R 1)



- 2116 - 22224 Acta Pharmaceutica Sinica 2026, 61(6): 2108-2122

Il PR T, Oramed B IR 73 K I B A 5 € 5L
(18] 58 25 NPT 11 R i B 21 I B R 4F, HbA L BRI I
1%, I THRIE 26 8 5 2 — LI RIS SRR 2 4E
Prese b E 1 (CTR20201644), 311202344 H Hi
T (2 H S CXSS2300021). M4k, H AT ORMD-
0801 IEAEHEAT A T-V6 77 JAETRIAR 14 JIg ol 2k JHF 28 )l IR T
HARIT 70 AN A v R B 3% — e U AR A el A,
Oramed JGHF K | 2T % ¥ ORMD-0701 F14& T GLP-1
e ABh P 3L ZE T K (1) ORMD-0901, i 4L - T 1 Il PR i
ERUTET ORMD-0901 7 15 28 % J A5 8 R o 355 3R 31
R 4F i 52 P LB R A A R g e
4.5 Peptelligence™ AR

Peptelligence™ H Enteris i 2, 4& — Fft g ¥4 e £ L
77, % BC 7 A P 32 Ry, — M 3R T 4 77 PEs,
T PRI, T T O SRR G BB T, TR 2
SRR, 53— P RATIRIR, & BE R 45 B A 7 A1 iR
15 37 38 7R S 3 SR RS pHL R T 7 R D P
éj\iﬁ‘ﬁ%'l‘u [39,174] R

Enteris BioPharma #| ] Peptelligence™ H & 7 i+
09T B I S ALAE ) R GnRH B3h 71— 52 74 Hii
WA (Ovarest®), H 5 2 58 % Ha # 5 FRBF 7517 Tarsa
Therapeutics i & ) 0 ik sCT iz ¥ A (TBRIA™), H
ORACAL RIEVFAL T sCT W7 R 22 &k, JoBa Mg
WA g T S i sCT 1 25 7). TBRIA™ C il id
TIT BRI PR R, 5 DR Lt = 5 35 7 R0 B s W 51 1Y) 2 4
e, Rmid FDA #VE, HATIE AL T EARZS S0,
Korsuva™ (CR845/difelikefalin) /& i Cara Therapeutics
Y Enteris G 1F ¥ 5 I3 36 14 B8 ) S0 w500 ) 2852 AR
BN, FH TR 97 51805 i AH OC 1 rb B A RO,
2021 4 8 H 3143 FDA HE#E Lt w5 /N R AL i ik
PURFEL . TR IR IR Bon, 5852 2B &
FH L, £ F Korsuva™ V8 J7 1 55 3 % % o 15 I B PRI,
ok A O AR o A T S
5 REERE

FUIRIKSE 25 AR A TV 7 B A SR, ik
P, B R 750 0 1R AR 0R FH BEARAIS, B A& b H ik
ik 28 25 %) Mycapssa® 4= ¥ F) H 5 21 °4 0.5%, Rybelsus®
2189 1%. PEs e 8 i $2 = 40 f 3 2h 1% | B AR &
B FT R 5 Oy AR A I B T 1)
ZEAEWC . PEs Sk = ¢ 7 P, 7] RE 2 B4 ks A FH 5
B NFRS, fAE 2 la . RS HATE 7R %2 PEs
()8 R, R R 2 40 T Ilm PR AT 55, 8 i I R e 5F
TR, 5K 2 A T AT I R A R A A
RN

ANFE R B AYE BT T 2 5 5, & #ik

PEs I BT AL 7, — 25— 3K7, i KRB 4 vy Hor 2%
e e, PR M BEA B IR 2 et R O
HR 24540, & 2 T R A A 7 R 5 SRR PR A R, A2
25 AT ML N — B B BS I E T . BEA, B R A a0
KWk R GE I8 T IR S PEs R R W] 8 25 3 vy
WA L, B TS A IE R L 7 R ) 94K i
ERGAE T I RBT TTR B, XN — A 24
HR A PR 3t 1 K K FE 7 D

& TTmk: A TR S 5T SCBR SR SRS B A A
AR S 55 47 BT SCRRIS AR RS BAZ 25 TSR A 0 BT ST R4
AN A2 25 RDEEE  EFUEE 50 5T 5 8, B o4 o [ S0

MRS AT AR FF AR P RK R
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