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Advances in the study of peptide drugs in oral drug delivery system
LI Qi, CHEN Hong-da, ZHOU Tian-hua, LIU Xiang-rui”
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Abstract: Peptide drugs exhibit an irreplaceable role in clinics due to their high specificity, efficiency and low
toxicity. At present, more than 80 peptide drugs have been approved for marketing with global sales exceeding $50
billion in 2019. However, with large molecular weights, high hydrophilicity and instability in digestive tract, oral
peptide drugs encounter substantial physiological barriers leading to low oral bioavailability. Therefore, peptide
drugs are mostly administered by parenteral routes. Although parenteral delivery of peptide drugs achieves high
bioavailability, this is associated with inconvenience and discomfort, even causing severe side effects compared
with the oral route possessing a high degree of patient compliance. Therefore, numerous studies concentrate on
novel strategies to improve the oral bioavailability of peptide drugs. Some delivery technologies such as Eligen™
and Axcess™ have been successfully applied to the oral dosage form of therapeutic peptides and have accelerated
relevant oral formulations for Food and Drug Administration (FDA) approval and clinical treatment. In this review,
we focus on the oral peptide delivery, mainly summarizing the progress of recent strategies used to overcome oral
barriers and the commercialization applications of related patents, which could facilitate the research and
development (R&D) of clinical applications of oral delivery techniques for peptide drugs.

Key words: peptide drug; oral drug administration; gastrointestinal absorption; permeation enhancer; patent
medicine; drug delivery system
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Figure 1  Physiological barriers to oral peptide delivery. The

biochemical barrier includes enzymes and pH, which can cleave
peptides or render the peptide inactive. The mucus barrier limits
the diffusion of peptide drugs and the epithelial barrier involves
the paracellular transport and the transcellular transport reducing
the efficacy of oral peptide drugs
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Figure 2 Approaches to improve the absorption of peptide drugs. Categories of promoting oral peptide delivery include permeation

enhancers, enzyme inhibitors, cell penetrating peptides (CPP), mucoadhesion, nanoparticles, self-emulsifying, dissolving microneedle and

ionic liquids via enhanced permeation, transportation and protecting peptides from enzymatic degradation
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Table 1 List of permeation enhancers. TJ: Tight junction; 5-HT: 5-Hydroxytryptamine; MLCK: Myosin light-chain kinase

Mechanism

Description

Example

Chelation of calcium inhibits the TJ related cytoskeletal

Chelating
interaction causing disruption of TJs agents

Ethylene diamine tetraacetic acid (EDTA)?!

Inducing TJ opening by activating 5-HT receptors and MLCK Piperazine 1-Phenylpiperazine (PPZ), 1-(4-methylphenyl) piperazine
derivatives  (1-4-MPPZ) and 1-methyl-4-phenylpiperazine (1-M-4-PPZ)%!
Activation of MLCK triggers actin-mediated TJs Microbial Cytochalasin®
toxins
Reversible disruption of TJs by modulating TJ-associated proteins ~ Zwitterionic  Dimethyl palmitoyl ammonio propanesulfonate®!
surfactant
Promoting paracellular permeability through opening TJs and Medium Sodium caprylate, sodium caprate®
induce transient transcellular perturbation in high concentration chain fatty
acids
Decreasing the protein levels of claudin to open TJs Acyl Lauroylcarnitine, palmitoylcarnitine!®
carnitines
Improving membrane fluidization produces reverse micelles and Bile salts Deoxycholate, taurocholate!®?
aqueous channels to promote transcellular transports
Forming micelles improves membrane perturbation to strengthen Non-ionic Polyoxyethylene lauryl ether, sucrose laurate,
the permeation through membrane surfactants  macrogolglycerides®™
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Fl omega-3 fif 17 R W i1 5 7 (0 EDTA SIE £R) #)i
VIR HELH A o P8 )0 43 A0 ) 70 L I k4 At R
FO0F IE AR FLIh A RS, Oramed f 11 AR iR & R I %
ORMD-0801 i ¥ K & Jik £ [ il 1 i) 77 LA J2 EDTA fE
DI AR TT o R IR AR 3 Pl 00 o 71 4100 o) g 2 P 0o R
B EMEAKBIEH, EDTAE RN & FIF Ca® 45 &
N T AR 32 Ca* 4 5t 118 20 i 26 B 2 11 E- 45 2% 2 1 2R,
IR FMESE . MR M EE R s RO 246 EA
afadin 1 o -catenin £ T %% %5 3% 5 1) & (/4 BB A
(zonula occludens-1, ZO-1) AHELAE FH, #04 Z6 B % 42 9
T U J 400 ) 5 50 e M 4T O F, Sl b o B AT {2
HEIR 5 2R 0 I U, Ak, POD ™ AR 43 5K ik
K 2% A1 70 RSO a2 TR SRR AL o R A A IR A
BRIEN A HE, TE RO E R4 . 1% AR T R R
PR IE 2 R MR F5E S5 U T Tk I B AL BR 2R S5 )
PR T, AT SEBAEFh 43 75 15 W 3 4 2 7 5 AR PR
TR, I8 B R B A HE R SO . L BRI i
WRAWE A E+ 8 b I S AL S (pH 6.3~
6.5) FEBUE TR Ay« %A B pH E = T B R E AR
S5 WL AT (pl = 5.6), AT OR R B 2R RS IR BF A AR
fEo RSEBLX— Hbx, iR AL B AR -
I B2 <. T 35 ¥ ¥ [Eudragit L30 D55 (Degussa, Rohm
America)], 21 & T 5.5 [ pH{E T ¥ -

% Fl POD ™% A ) ORMD-0801 11 il igt 1% % fi 3,
it By [ B 1) RN V2 2 B 0 R SR A 4K R B R L
JERE, Nifidem TIES R O RAEMFIHE. Hatd
HEAT 7 4 /N84 1 IR 72 [2 00 T 1 2005 R 3 (type 1
diabetes mellitus, TIDM) i %, 2 Tl F T 2 24 B IR 95
(T2DM) 3], WFFi 45 3 7 ORMD-0801 ifi 52 14 [ 4F,
A BRI I A R KT . A 10 K IREE & R I 3R
HRIT R I TIDM (35 MR KPS AR AR, 1 7E 2021
SEHEAT I 122 BRI HRBIE 7S Hh, BF A3 o BB R A
ORMD-0801 ) T2DM 5 AH AL 22 R 7 41, JLAR ] LA
24 h I FE AURE AL 141 55 A (glycated haemoglobin Alc,

Table 2 The commercialization applications of oral peptide drugs and their delivery technologies in clinical development

Trade name Active pharmaceutical ingredient Manufacturer Technology Status
ORMD-0801 Insulin Oramed POD™ Phase 11T
TBREIA Salmon calcitonin Enteris Biopharma and Tarsa Therapeutics Peptelligence™  Phase III
OI338GT Insulin Merrion GIPET™ Phase Il
MYCAPSSA Octreotide Chiasma TPE™ Marketed in 2020
Rybelsus Semaglutide Novo Nordisk Eligen™ Marketed in 2019
Capsulin Insulin Diabetology Axcess™ Phase Il1b
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HbALc) FRik Sz H0i, HAS R s S35 4 A b & 2k 26
55 2 R A 2R, IE B IR 9T 10 2 A MR AT
H 17 ORMD-0801 1 I Jik & 2 Ji2 % xf T2DM & 2 (197
BRI 22 A VAR G NSRBI 78 IELEEAT v, TilTt 2023 4 5%
R, CL3R 1SR 1 [ 52 24 0 B B ik vk, BT J
] 1t X 1K PR 565
3.2 Peptelligence™  Peptelligence ™% A H13% [ Enteris
Biopharma 2 &) - /&, #H 3¢ il 771 B R - K A HL R MUk
(ZIEBRITARIR) 152 1 5 710 BB 56 Rk Bt S0 711 74 T
FR AN SR T o v, by Ag R A S TR A 1 738 i P A1
Ji7 3 pH 00541 8 110 26 S A D, 0ok A A B o) KSR 244
AN BRI o Tk P BRIt Y H REIE-L- AL AR, 120 90 AF
BB R, TR AT T R E SRR A, R
fSEAHE 4R B T b R 4 R 2 1] 11 5 5% T B R M fie
20 L 5% 35 02, 1 5 Kk 2R 25 P (s R R B A
BT AT B b R S R A L R A . BRI
B T VR 78 M (R Ay A R UKL, A7 168 TR JBIURGE 1) 2 T Uk
JZH R ST VERR 4> B, B T IR KA RAEM . 5
— 7, IR EE B TR I AR e 2 BN AR PR
B I AR BTG AN BB o b g R R
A, TR RS o A b B KT A ) R A A
—BERBEEBERE, RIELEEA BB E, T
pH > 5.5 I EE T A VR R TIOL N A . T K%
PRI 35 PR 1 750A% 0 B0 9 2500 0] 7 LB RO O 7 1 A A
AN REEW o IR 2R, Fr il i N 2P LE 93 770
W T IHGER R+ 38 W . BT I B MUK 7E SR
T AR PN 355 S Y A I PRI 8 pH AL, AT BEL Lk I
254 T R R AR K B A . A CRA 245 (%) [R] I
R TSR 5 PRI, 184 5 R T A s pH R T S
PRSI 7K 308 2 v o e P 1) pKa T, T 2 PR iy 1 FL A,
AT A S B B - SR T 1 R 5 | R B I B R L B LA
HEIR YT

K FHAZ B A (1) 11 i ik 0 [ 45 2 o) 700 e S 3897
Y 2 5 I oWl B RAE, AT SN 1 I PR
5o NG LR T I R B 2 AN 4R U ) R PR R
ZHNAIT B2 5 TR AATE SR, 35565 44 -0 17X 46~
86 % 1) L M BEHL 20 A 3 4, 9 il 11 AR B 44 i £ [
52 (recombinant salmon calcitonin, rsCT) A 740 (5§ &
0.2 mg). & ik fif: 1 [% 45 & (synthetic salmon calcitonin,
sSCT) 4 i W55 25 71 45 (45 K 200 1U) A2 @720, 7 7%
NA8 JH . BT R P ssCT & i mt & 7 41 bk, 1R
rsCT V697 50 R 42 =1 17 - R e A0 i B 30 o 1) 1
FRE . [FR AR rsCT LA B B HER 5 ssCT & Jfis
W% 55 711 B 2 R R AL, i B LR % R4 1 2 A 1tk
M H R AR BEAS 2R 1 AR R B 200 1%, Ak T

BAR K,
3.3 GIPET™ GIPET™H % /K =% Merrion Pharmaceu-

ticals 24w JF A, 3= 228 v B AR 107 BR VR M58 1 w7t
DU BE K 2 C1 AR W U™, GIPET™ i 3 R E 311 i v
AR © GIPET | Hiky AR T8 21 o 8 5 7 2 5 AH
N B L AL R @ GIPET 1 EH 7E i v 66 e st
& 1 I L R T R R 5 24 A R L R TR 4 ) 4.
Ji%; @ GIPET I iz B i e 9 v (1 R D R AT AR 0V
AR, AH 77 EAL 2SR (sodium caprate,
C10) it it B i & PE1G 58, B 783 B C10 v fgid i
Tl It Wl C A 50 1k JUL M = g I/ — Tk 5 H i A2 B2 i b
F2iBiE Y, CL0 1 Bh % i B C 40 i iy Ca® (1 38 A
A, A B A 2 PR R I e A A S ) LB R - Lk
MO AS T 0 A, R REEAT T, TR K
KA 55 8218, [F N, 2590 0] R &
RN, BERSIRE TSR E ERREM. R
B 59533 WY A H bR X St R R, R IR
SE [ IR TR) B P 0 28 DR R TR A Jd AR PR v 1 1 I PR A
& (critical micelle concentration, CMC) IR 25, ] 3
— AR B WIBIE . WO A WV A TE i P9 PR 4y
fif, T DR VS 75 1 8 R R0 A R AT 75 3 I BE T L AR
T8, LA R 1 b R 4 B S R

XF AR GIPET™ (B 5 4R v 8 25 it A 5] 28 24 11
W 24557 5 5y 2 2 40 (Biopharmaceutics Classification
System, BCS) 111 ZE4L-E4 1, WifiF 2580 ok B IR 45
L v me Sk J R 11 B 1) 71 Orazol 3697 /i 51 i, &2
HEN N B R E o AR A P bs & IR | Y R
C- AR JIRAZHE (NTX) M7 B S B A 7= 4 (B-CTx)
L7 “F 45 S e ok A 2 TG R 1T 75 5 TR AR AR O, Bl
Orazol 5 M >k [ 2 73 5 71 Zometa Xt 717 471 52 B8 1)
24 %%, KB IR A7) Orazol AH % T & ik 51 771 Zometa
RO IR T SO B ar s = S BN A
GIPET™M k2540 b T BT AT B, & 75 i — P A
M2 .
3.4 TPE™ TPE™f & [E Chiasma Pharmaceuticals 2
RIS o A AR T £ 25 W B, ER )
VR T UKL R 51 7K 265900358 43 R 7K 1) 3ol P 2 v V2
FH T K 7K A T yolt v AS R B LR B P W v 1
PR TSRt — e R, Hoh S 2 R 7, 1X LR Y
FRTIEEFT I W b B 58 % i e ) 228 b Rz R ) 56
Bk, WEORBIE . H K E RN 5K W g b
PVP-12 HI3% 7K 245 4 L 155 1% B ot G, 5 A 1) ol 7 s VK
FLR T Bk 2 MR A 58 1L B4 1 1 80 BR -7 R H i
B« = 3 TR I B R B R PR S KR 43 218
N B KA 50 A ] £ SORE B BRE , Be e HE e N i B
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Ji2 fiz B, FH pH A48 1 6 T 0 T 2L R 4 AcryI-EZE® 1
TR A 3B, C8 R BRI N 2 L (195 15 1 i
A, LB R IR £ B AT B (1) CMC, IR LR 5 v i,
2x1E F T 3F B /N ZO-1 ' 35 3% 4% 5 M claudin-3, 5
WEBERE QYR B, B ERBE™. 5
s [T BT, A7 D v R B PR TR T 35160 46 PP H o 5 TR
FER L AL T 80 1 R PR SR E o IR FE B 5 A= ) i
A EAE FHIRE 7, 1T 5 i AA 3 5B B N . — I
KRR, LA EERE 80 2 A i F R A IR
AR b7 B I e RO, Tuvia ZEPTR BIUAH L T 3
PR BT VRN 25 ) [R] B R TSR R, 0 S 250 L 1
7 WG 10 min BRI, JUI R WA 2 T B, U BH TPE AH G
1) 75 X5 V2 25 1 1 R M AN AN BT B MR, i B AR R
o RN 24 0 R A P R SR I I A R R IR R EE DAL

Sl IR I E N 53 N - B i 3 7 o
MYCAPSSA H T 97 i o IE KRE . 58 H 1k
SRR S A B, VT 2 i vt A A SR R A ) T R K
2 VR B R 0 AR 70T I R R B A T IR B
i JOAC e o) 29 S A R U 3R 0 o 3R 52 A T A 11 s i A
FORE FR A 17 R8O 22 4 e AE W 10 i R il R e 2 T
TR R BB e R T R, AR 2R R B
PR EE S B . BAR R B K 77 MY CAPSSA Xt
i iy B DRE BB — 8 ¥R IT ROR, (R DR R A
FERAR, 2974 0.25%,
35 Eligen™ Eligen™#% A tH 3£ [ Emisphere 2 ] fiff
FIF IR, FAARANZ O AE T8 T N-8-(2-F2 F 2K H Ik Jrie %)
EIREN (SNAC) . N-(5- S /K 4% IR 19 2% ) 8- 2 2L T 1R &5 1B
NS 7 o X AR AT S 25 i AR S A A B
PEF, B2 =i M v, FE15 Bh A i 55 i@ 42 02 33 25 YR
. W 9T BIAE Caco-2 4H f i 28 ) SNAC i Jik i &
BIBEERIINT KL 10 4%, HLAS S 0) 20 i s e AN w3
B, M F CL0 %5 & Rk, SNAC R i i35
RE 77 T R0, AT (i R T R SR, ] GLP-1 2511
T RAR SRR, DT 980/ i1 751 A B 55 1 R s R 52
[F] B, SNAC BT 5035 4 Jfa o 3 20 %, -3 5k 55 40+ [ 1
&6 58 bR G ek mys™, 76 42 3k i i [H)
B, SNAC W] 38 ik i B Hp R 4 24 55 S 30 1A 7 1 i o
pH {H, $ B 2 S, 90 & E K IEEH

I PR 1 RS0 45 SR 3R B, /£ T2DM i 3% 1) 26 Ji A
SRR, IR R S AR A T 2 JBE ) AT B A % o)
MREKF, H 8 F HbALe /K FBE % 11 IRER & ik i
fERM K. FR, ORBELSEKRATLENARKR
MNEE D FESRLERA, B4, ORESE
JUR RN R T e S 7 2R B R ORI T A, X e RS B
RS, (RN 28 T OR8¢ T L A B IR 25 40 1

FY 860 2 AR FEE AR M AT L ot 3R AU I, 6 5 I P X
[ B AR . {H 2 Rybelsus ft) H IR A= 4 F1 F B v 0.5%~
1%, Ab TR AT,
3.6 Axcess™ Axcess™$7 AR Hi 3 [H [ Diabetology 2
A FCTE I, FoA% O AE T4 R BRRT A R 2 1 IR =g
F itk (choline and geranate, CAGE). &1 i {4 nJ /&
N AR R AR R, B B B R TR 8 O R I e R
JIB9, FH IR R A TR S Tk R R R A A
AR (RS 7 BRI /R oA 12 R &
I R S KN, 556 8 2R A S P VA RTE A R
1 [1) Eudragit® L-100 #EAT 3 kI LAk, DALR 7 i 3%
15 B R PR PR 58 b 40 52 B A, S I 25 W AE /N W 30 67 1)
RS MBI, CAGE AL i i 2 4 52 B 1 P4 A,
I I 35 0 5 R B 2 B 4 L 55 F5 02 . LAk, Nurunnabi
LELN Y I CAGE BT 5 i 17 431 AH ELAE I LA b Hd ik
¥ T8 2H MRS, ot — 2 1k B4 o Ak B ) RO o

Diabetology 2~ & B FH i 4 AR FF & 1 1 IR e & &%
Ji2 3 Capsulin, A0 34 7E T 38 i B 7 R 1 25 B 3%
LIRS R AR E M, 18 IR N K A R AR AR TR B
FasE, Fo IR AR PR R R A H Al [R] 28 245 40 oK DL B
. Har, Capsulin E R & 25 B2 2 AL T 15 PR b By
Bt My B R A T F OO (AN i A Bl 24
Y1) 5 Capsulin 11 ik fige & 25 i 1 T 0 T2DM &% 1Y
TBIT AR, IR HL AL 3 B A [ 5F & Capsulin 1 Ji & 2=
(75,150 F1300 1U) (¥R I 45 . &t 5t 45 1 oR, —
FOWIN Y Capsulin 15 A 5, 2= 220 # $5 b5 HbALc T
B > 0.5 [AIRF, = M A B% 428 J5 A 0 H il = e AR
] B 35 — 5 BT B, Hrb 150 1U R & 4 9T AL
R,
4 RESRE

1 S 245 245 40 LA e S8 590 T v L 0L Py v (58 R 2
R, G IR DB IR, AR R AP A8 A B
To ] G USRI AR o (BT R 1 i) 7008 AR A,
FOOE A D AR AR A e KPR HI R &= . &k
T B4 T I PR R 56 ) 1 R MK 288 245 4 AR 0 R R 3418
&, 4n 11 R B2 K 1 750 MY CAPSSA 1) 11 iR A= 9 %1 FH
JE 297 0.25%, [ 5 & ik Rybelsus 34 A= 75 H
90.5%~ 19", 11 AR B 45 3% 1) AR AR R 2400 1%
I, ORI IEE AR ok T2 kg, Bl
BB W SR A = R 5 1, 75 IRk 25 W R I RD B RT
SMERBZ, R EEMNEY SR LY RET
PR R N I CERE . WEFC R B LV e 771
5 Ll AL I 80 FH R FH ik £ 4 25 2 P LA AE W B 4
FAE RN RAERES ., 5 —J7 T, 8 i R R B ek
FELI 2 P 3208 3 5 R Tl e 22 510 B i A RO S
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FEMXRE IG5, T2 B N . tedh, — L Y
s A B B B B 4 T RE 2 3 B0 0 g R R SRR B
ALY N T R DIRSE 2 IR AE R AR DA A
FEAN RSB 45 e A, T e 4R SRR R SRR 7
A 3E R S R A 1 7, L PR 7 IR S 25 W 1R Y
(7 Af 38 4 B/ S LA LR 3 AR T3 B XHEE
19 95 770 S5 b R R R R T, R RS 25 1 iR A A
Qi1 oy Pl LT | TN P B SRR R i R 8
K, IR RIS 2590 e AR AT 5 250E, BN fE kS
250 b S TV RAR A 4 T 2 ) A R A2 B ke s L AN 1
Ji R R S e RHR I R A ) D) L A
Bt B AR S, AT VAN TN K A AT o HL 55 AR A L
PR ZE R R B G b A 25 38 3o P9 A D2 X 245 )
{1 1R 590 A AT e 2R 25 4 Wl . B Ak, AT AR B
SEDDS. it i1 4 24555 T Br ot A2 ik 8 245 W W i X\ I F) ik
A, AT 88 G T SIS /KR R0 VRS ok 5 e s i/ i o
RO B TR v R 2 4 ) IR R SR 25 i iE BoR . (E 2
5 JT I, BT AR AR e 45 2555 07 A, W B A
T HISEBR R L ARSI FE S L I B AR B
PERTBARKI 50, AR Bt & 3, 5 e
BT A BN BB Y b PR R A 22 A 1 )
N B B o A DR B 22 R e TR 22 LB RRCR AR L
JHERIR . X SEDDS, H ARSI A M RIERLE, $h=
B & JT 11 % 7R 1 SEDDS 25 IR T, #onk HBUR X
LLPRA -

S H AT 22 Al 1R K 2R 38 38 BOR AR SCHR P 4k
18, HK 22 AT I R AT 7T, oA 022 2 M ATl PR A 2%
P RFR AR TT . ISR IR SR 259 00 7 ot B RS
P RTS8 D 3 22 A K, AT 76 AR R 25 W T
KEFE RN IRE 25 R 5. BEE B2 IRRAYIN
BB T D e R B RAT, BE S T IR A 2R B R
F1RT A A 8 126 AR A W TR B, AR 3R BR SR 25 TE T2 1
e R FH

& SUBk: FBL ST VORI AIR S S0, PR I e
7 B A SO XA S UE SCREAE SRR R
WA SOF AR T PRI

FEEZE: B 15 2 7 AR EAR (TR 2 o R
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