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Abstract: Oral protein or peptide drugs are widely used in clinical practice because of their good compliance,
convenience and economy. However, oral administration suffers from limitations such as strong gastric acid
degradation, mucus clearance, and epithelial obstruction, resulting in extremely low bioavailability. Rapid
advances in nanomedicine over the past two decades have brought new opportunities to clinical science.
Nanoparticles ( NPs ) have received extensive attention and research due to their unique tolerance,
pharmacological specificity, and biodegradability. The development of protein or peptide NPs has entered people$

field of vision. Protein or peptide NPs have obvious advantages and can effectively overcome the barriers of the
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digestive tract to achieve efficient and precise targeted delivery and therapy. This review first introduces the

challenges faced by the oral administration of peptide or protein macromolecular drugs, systematically analyzes the

development and application status of peptide or protein NPs, and looks forward to the prospect of NPs.

Key words: peptide or protein; nanoparticles; oral delivery

T TR (PPs) BB 86 8 0 A i ) AR B
B, IR BIRIT — RIVBIR 259, 1 5%, PPs
HA—E iR ess, b e 10k S L e AT
AR A2 PE 55 5 78 2ok AR b 1S SR A R S R RN 52
PEFRFIEY™ R T BTN . 7E 2000 4EAR 400487, BF
FENGUE AT T AR RV 18R 5 IR YT 8 PR
Ik . 20 4Ef5, WEOR E AL AL 2 1 K& ) a) >k
WFFEFETT A3 B LR W) 00 F T e TR T RIVE FHANMEL,
A, B E AR E O /N T —— R
B Z —, IF B4 05 5 3045 Wa 8 DL AL Ay it
WEH P A2 GURIE T A B T2 R (L LT
B R RS | XK AT N AR A6 M AT
e, BT LATEVF 2950 R YT i R B AR T, th
SERIE BEPRI | B e O I A RS S BRI
Z A, — S iR AT FAESCHCE R0 Bt s i 57 A
P, 3 2L IR Bl A8 M TR HE 0117 2243 1 #0845
RUEINEYING & e N A S il - S D SRR (YA ER
s R A7 1R AE 0 BH, Dh BB AL S I Ik 24
Prel i 3 48 S AR R T BE . BaE 4 2l
WAL R IR UE 2 97 38, 14 B ORAIE AR 2 A A
PE, BRI, PPs (945 25 3 4238 0 B A, &
J993% S0 S T BT AR A 1 PR, A 4
VIR KT S5 10 DR R Sk IR/ B4 DA AR 3488
VORI B A PRI V22 0 5 R R 3 ik
PPs (85 R A2, (510 dn 101 I s | MRS A 22 1z 4
2178 R O ek R A RS R RR AR
DR B HA T R e PR AR PES - LT R
[ 5 2 ), 1 IRZA 2535 4% BE S A0l N TR M e i R
f A A2, X 1T RLSEER HE B2 R T S (SC) B
HATRARRS . DRSS 257K 8 i s SR 3 1Y
A AR SR B TR T SR BB PR IR TR . R
PR & A 5 S i e 4y, A BR E IR PPs T 45 il
B 2016 4F 11 6. 43 1235038 K 3] 2028 41

82.3 ¢t R $ v 11 AR PPs 119 4 1 FH 1
WS AN 25T 2 T SRR ST M A

AN BAT B i E AR, BT LA T AR 24 3 3k /1
5 T 5 5 AT, Y LM R Rk T I
R B 2 Y H RS TE R RN, SRk 2
YAE N T8 1) 2 1 T T DA TIT SEE K 245 0 1 A T ] 3
UK/ 245 400 1 0l R B A 1 R 4 2 R
T E RS & AR AR, 6 PPs 78 1 s
AR A, N T AREE PPs 1 8 I 1
JI LA PPs #E 1 iz 328 16 o0 A% rh i) Bk kA 468 iy 10 %) ol
RS R 5 AR s kL BRMESE FORAE
Wi PPs ARG P , T ELRE W 1] VA e 3, n 7
PR R P P A5 v R B 1 5 24 ) Y A B R S
KA, LTGS2 3 B, AN, B R A
FIK i i 2 T SO 11 285 W 7K e b i feff A i 3 v
WA SRR A, BRI AR R 2 W R AT
h 2R E W W T Bl A e R (g
PAIA) AT LA 5 R HEAE AR A5 {H Y 2] 58 W e St 1
i, 2 P K 2 4 2 T i EL Al el LA 3 G 1
fisk, 5] G0 JEE JEE P A 2 L B2 )2 3 B i i R
T T RSB E s Mgl AL, i, Y
BT —Fh 7 R ML B PPs 1Y 11 R ash 32 T I 114 Bk
0%, B SOARSE M HAY T RCR . FF 3 IR E R iR ik
BRI AT 53 A 15 G A AR U BRI R B AR H
FAR A 45 1 FH 2 35 42 32 570 | Wi 400 1 57 L CYP3A Al
P - BHER 1 (P — gp) 4106 350 LA SO BEORY B 2R 485 i
1R PPs 326 32% A9 280 ) 79 52 AR 65 fk P b oK 2 fs |
L RS S 24 0 25 R 0 K 2R A R e o A K A
YUK EAR R G O UE AR S v IR B A8 bR IR
PRSP 25 B R R | SEA Ko T
s/ T DR ZE R . a0 F IR 45 24 ) 1Y)
[ 8 2 I B ZAEIK - 1 (GLP - 1) FideE R
B2 AN AR R G b ik



HpE 2545 2023 4E 1 A2 5T 5 1Y

Chinese Journal of Veterinary Drug <71 -

IR 11 JoT 1) Tl 2 38 fip R 2R AR 1 5 i T WA | 4
FRITREL ) 8 335 DA B S0 K JOROR 28 71 Jo A A o7 A5 1)
B TE] 5 — A TR R Bk R T H T
RPPs B AR IE > 9K 3k 1A 2R G ELAT 0 A 4
S P 288 306 RIS YRR PR R TR ) B R 3 o 2 R
1) 235 g sl e 2ok e 7R ( pHL R ) ke S5 R v 258 i
HEMY PPs 1335 242 SRl R SRR A
RS, AR D IRZG Y 2k i, X
ZEIRTRI T 5 T IRG 2R AR O I PRAR , O S 4k
FH Tl 3 6k DL BRAS v 280 1 Bl 4 24 1 2 1 o
FRRE R 73 F 9K ks (PP - NPs)
1 RSEBREXSFHYORBBHIFER

B i B R oK AL G ) R B A A SR
VB I A B IR R SR R L, (Rl B s
JEBI L AR AR KRB B, Rt S8 & 1Y
PPs W) R AE W A < 1%, A H 2 <
0. 1% 77 S5 b, FIRES 25 09 25 W e W 22
WIS IRVE 2 A P A (B 1)

HEAR R B
i FIPH AR
T —
et o o e lcl. R
:.: )o ~.) '):(:’ e e ' )
S DS el W ST e
. ‘o . A -

1 OMRBKLEZEBR NPs AR FE
Fig 1 Biological barrier of oral peptide or protein NPs

1.1 A e EARSUICEYRER (PP - NPs)
AR R A AL BB, B I8 pH B R AR AL H I A 57
BERIRGOEBERE B 09T AR B IR, R R B
R CES R AR AR AL, NS = AR
A X 38k .+ 38 W 2 A el iy , A X ST LA SR
FFRMO MR RRAE ™, Y30 WAL 0 £ ) A0 At
WURLE L E E R 122 F MW E (pH 1.0 ~2.0)
N+ 45 (pH 4 ~5.5) 2 (pH 5.5 ~7.0) Alla]
W(pH 7.0 ~7.5), %R J5 ¥ % 2] 45 I F1 & W
(pH 7.0 ~7.5) BN pH (HASfL > X

T pH BEEAR AL IIN_EAR R B HE2s SRS ik o, ™
R R PP — NPs 75 B B s iof i e

ER IR R AR P R iR A PR (pHL 1 ~
2) ., TESXFNEEERRIERIARIETS | B A e 00 1 Tk A
e, B R EBHE R —FP 2 0 K, AT K R
SR | o S IR R i S IR 5 O B TR R S 1 KB
Fi 17 7ok R = R 1 K A AR R 2R IE R T
A . A, A N T R T A5 R AL G
TV % 53 00 1) TS AR, R DAL 6 5 e 2 1 e B AR
SN JIN R o ST 3L EWAN 71 D) 77
A B JURNZUIKEE R IKEE | N KBS A y - 45 = BEEE
K, R , PP — NPs 22 o JIl i 22 2] 3K T — >3
TR AT ey 757 0 AR [ 5 il R N1 37 7 N
FIZR 250 7E pH B BE AR AL RN 45 R A S R 4R A R +
FA FUAR , S AR R BE AR
1.2 KRB RSO B RRAR A P 5300 1) 2
FA WA RS PEBEIR 2, AT AR AR SR 4 5 -
1 R 20 e A2 A IR AR i i . AN E
TE R ARDRE VR ER 2 AR, A HE A B T B A U2
FOAZEDRE B ARG VR 2 . KRG TROGS PP — NPs 3E ACKK 5
THLUEIN Z EBERE, B, SRR T PP -
NPs ZERGR A9 HCH: X BLHEE% T PP — NPs ££
KRR 2R RE 1 L R 3l PR RS2 43 W
T 4 1, 78 W 1 b S A sk TR] 24 2 50 ~ 270
min , S HORRUZ AR ) URL PR 22 B, AT
AT GRK SO (8 R5 B 452 B2 B I {145 PP — NPs #£
FNiAM b 20 i 2 8 3 28 1 R )2 AR5 H B
AR ET S HR R R L RE — S R S
PP — NPs (4 IBCS03 , Hh—FRG B 11 v 22 SR 1) A Bk
PR LA B 3 i I S R 5 A Sk A A7 A, (RS Y8 1
R ER (T 8 B g, PRI, R B LR PP - NPs 2
(] T R 3 ok e E g P AR TR A AR S
b, TR B ERAR SCHR SR, AT DAE S — B R/
TIOR3t DA | 2 TR PR AR 10T S5 A KA B Y A
BT SAh )l RG ER  2F M i A )
Gl A IR T R (Y R Y = D % R V|
AN ELAVE R, B TT Rl 2 26 B 1 0 1 445 ) 44 1
ol O A RS, DA T SELASH Al AT T A i 0 -



=72 - o B 2 J R 2023 4F 1 45 57 55 1 )

Chinese Journal of Veterinary Drug

1.3 @i Bl A TRYE N 5 0 b i 4 2
FIR PP — NPs #2369 50 — > EZRGIKE, B L
B A AL G 45 Fh A A 4 i HLELA & 3 AR
TyRE , 191 20 FH W5 A P AR T B R YA ) A
RN A Tz R BRI M 4iia' s bz
M R EE A AN, K2 7 90% Il 1
XL AR T R R i — S S R B
5 EAETT,

250 19 i T WA AR T 5 A L 3 A T 4
i 5534 4% 2 — S 2% K P /N Ay 1 2 B A i A
#7144 KR Lipinksi “Rule of 57, PPs B il 4%
A AEB &, A PPs (4 Log P AR AT AEZE I
F5,9F H PPs A Kbk iy U PRS2 1K, 43 F i
KF 500 Da, KUk, PPs R ik 5 40 i 4 42 4
WeE T # kP PP — NPs dl i g b R A, 43
Z SR H A0 ML Z 18] S i B 12 A R
TR AL ) A BB A1) ok BT A ¥ L P 1Y
AR AW T EALERE R R 8 - 134179
B, EATTBE IR T R 2508 7 K 5> T 1A 4B 40
Z s (BRI %i2 ) o 4h, PP — NPs (i
HOHFH) T AR AN e M 4niE sk, JE i i
FAEM 2 B B AR 117 3 ad 8 0y =0tk A
MM BRI T R MR LS B R A SRS
i E s LR . B P - FL
g 247 26 11 0 22 24 24 2 11 2 2 3R 7 M 4 L Tt
R FPINESE B AT C B S AT LA R AR I 18
IR, NTTRRAIR 1 254 A= R R Y
2 PP -NPs ORREGHHRFER

FE NAMIFFE N 51 E A58 T 45 Fh 3R 6 4 ok il
& NPs, P, AR PP — NPs 38 56 405 78 3o 25 JL 4R
HSRA R 2 i , B 48 A0 K B I, S L T, g o A
YORPURL S (3R 1 RGBT T 1 iy kel & E
BRI BT T ) o SR, AR R 2
ARG WAEZ R G WA T 2] A Wy R i 14
REEYE I T 2R 2, fln g 257 =
6] 5 Y Bk 259 A BRAR I T A R il £k T
7 PO TR [ ik o8 S5 0 A AR 5 P 25T kA,
a5 B AL R AL HE PP — NPs (4 12— > 38

AIRFFE 45 20 4 90 R EA, BHL
M2 - RAECTRILE Y (PLGA) R WL NG IR R
(FEEIRTREEETR ) | 5¢ SR S AT A ) R e R AR
SREYEH TR GORBR . KIRRE Y (W
W R PR L) Wk Tz H T NPs il A, 2
B —SU A AR 8 a0 % 5 At ) U | S
FZERIAE R PTEME™ | pH BUR RS9k 2 ik
Wz HT R PPs (Y3825, 558 T 05 T 40 K it
AR L, BA W 9HK BORLAE 5 i T8 A e it A G T 24
B P B T G R ME AR

FEHR BT AR K AR ) 25 A v B BT A B
Tl QR B R SC R 3R 38 T ) 4 i ot A
KRERAR () 1 o062 45 B 7 8 | R D7 el B R H vl B
B Hm R A =R . R SO ) G
B 3 3 1/ B 1 K AR ARG o i D T e i R 34
SR PPs AR FR T T R AR A R R T A
BEtEE  RIRIE R IR PPs #i% R 400 AR IS
HEEh Y RIS A B B R T X R B NPs it
AT E M LA Z0m#k PPs 2597, 78 B il i (1 44 K
#Hlkrh A DSPE - PEG,,, 181 (I It NPs fE
g /N BB =5 I BE R AE K - 1 (GLP - 1) /K
(BEINAR) o 1RIT 1A E R A R b
VR /IS B A AT R K IE AR

TR LI A2 R i AN A %) 3 39 A 2 T 9% 2 741
IVER N IE AL, Tt rh 2 % R 45 AR
ISR, BIITTER 15 FR R E Y,
JEHRST/NT 100 nm, FHILZ T, 9K FLAITEIR T
2 EARE, R m R s A R AE /N T 200 nm Y
ITFRGE RS, W/ AAKZLION PPs H IRiBIEIR
AT, A E AT @& K /m (W0 ) FLk ak
ZAS W/ 0/ W FLIRAEBEE K KA YA . Bilosomes
ST BRI B AR AR B & A 45 B e R IR i
MUZH AR ER b BB 5 DR A Ak it 12 v
PERCA B BB 43, R4 E B 18 K, 08 B KR
KEFEI (12 h) o RGBTk BORL (SLN) 3 A8 PE
JE AR 22k A Py A4 B T R T 9 4 A4 R, SLN 7Y
D s ALFEAT FH JC BRI R e S b 2SS BN A 5
2 AR L Y SLN 4 BU7E G iRt &



rhE 2GR 2023 4E 1 45 57 B 1 I

Chinese Journal of Veterinary Drug <73 -

AR FAH R B FR S ARG R RS
(SEDDS) . @Kk R ~F/NTF 200 nm 19 2588 K
SNEDDS ERAAKFLIR , X et H & JR il 5 1 44 K 18
KRG, K EATA] LA E s, hy i 3 4 L4
RS2 2451 . SNEDDS T I i S N8 1 FK i
PE22R925%) , BT L L5 4 1 24 ) 0 Rk 4 v
LEIRAE PE R INERZG (25 mg ~2 g) ™

NPs A0 10] LA 4 R TCAIL A3 AL LA B A HLATTE

PUMPRHRIR & W06 ., Rl B B IR 5 9 2 1 T
B FH T 4% Bl G 7 38 IV AE A 9 K MOk, — TOURIE Y
FWL BN (<200 nm) A 22 63 L (310 —
SEURRE) (1) NPs I T A7 1 B A T L AR
1M, JEHL NPs HIT 11 B 45 26 2 32 KR 64, e T 7E AR
NG AL/ B ER o R, DAL, i) BB AR A B R A
girp, I, BT RS JCHL NP FH OG0 7 Loy
), 5 B — ST AR AR R ™

®1 ATORBRKEEBRENRBH

Tab 1 Peptide or protein nanoparticles for oral administration

AOKA 2y AUk e S ik
s WICIER (LPY) o ST T RS NN b B 02 DR
aprag ST ok ok AR (70) kit vlio [52]
A AN LB 2 L9
AR WCEAR RN MR F T 6 /NIT RS T 60% B [53]
BRI
. ‘ AL 1 (BSA) N - 2 -1 - USR58 OB B T
AR SRR e (aC) HEH [54]
AP W 50T WA 20 36 5 % 2
‘ ‘ RN - B2 W (PCA — PEG) A1 A BOF LR A A0y sUH M) 2
4 A = it
HWREEY BEE psemikcep) 5 Caco - 2 IR IRES KBRS LR )
SN 2 IR (47,50 +5.79% ).
j %'/‘C‘Il/“A 2 3 N . S N
BRI pesk L OGS AR e i st ammone (o)
e B : BB AL Eudragit L100( Eul — cys ) R 5 5 BERE KRR P I i 3% 00 DR BE L S5 2 i
AR BB st e os) B BT [57]
X TR AR TE Fie § g P O X .
apRET RS R e P TR e o g s 58]
2.~ AL NPs 45 ORI R 9
GORERR SSEEI(OVA)  AUEEEA(RI2) B2 S35 1 AN AT LR T LS SRR 597
TR R i FUR AT
_ 1
apiste IR s st (R 2 BBy 2 A [60]
GORIE BEFERSE(CT) BT (PR) SEEHE(CS) RS R 52 611
A2l S TR AL ~ 2 s 2] 3
ADRILEL B TR (BLG) RCAL - it oy ot WRIEAEE BLO IR g,
FLRFI/E B PE 5015 11 IR B
Hk BiE SR R AL, 1R 255 BT A R (63
S AR HLRE 1.
Span80 — Tween80 ( S80T80) (HLB =6)  RAFAYMS R 1k | 5 4 T B AR SOR 32 0
S, PEG 7 U fl BRI (PEG ~7) (HLB 47 (B8 26300 10/ A L W B SCEL
P Wes % =) AT AR T AR /BRI B PR 720 67% s AR (64

FEAF A A | 2 T JEL R 9 5 R 2 1 g

#i38] (SPD)

2 B e e 2 11 A 11 70 ( SPI) i ] T3k —
A [ RIS




.74 .

rRE 22k 2023 4E 1 HEE 57 B 1 I

Chinese Journal of Veterinary Drug

gx
KT i) A L E DTN
B e IR (DMAB) B3
er Wetin % s PG b e GV SEL LB R MR B s,
1, H = Z RS (TA) HyifiAf e "

o e, WA 2 A i%ﬁ)ﬂ?ﬁ%-‘%%ﬁmﬁw%wwﬁmﬁﬁnﬁﬁ%mﬁ [66]
ELENIEIT e % PR T RE TR HHIh R 1,2 - MWt -3 - (RIEREAS E R B A E A [67]
EUP S A e =L - T ) AV 905 1 P R i)

AFLAZ RS 4 M EEE (BSA) AR HEAREBEAL R A(MPLA) B RS B M B R R S [68]
SV 3 SETIR K AR He, 3 ZE TR ik DOC
AT 2 % JiE W5 81 (DOC) . 35% Cremophor EL, SEDDS BPHG & T 2.7 4 1R 3 %€
gg (SEi')“];é) SCIETRRK 25% Labrafil 1944 30% Capmul — PG 8 Fil  JIBJIk/DOC SEDDS (A%t £ My F B (AIXF (69 ]
S 10% 7§ — FHF) R 14.62% +3.07% , - H i 4
KR AUC 1B 52 2% F#1% 20. 6%
TRAP e 5 A0 2 4 1A T T R R S L S
K A S 3 faN AR RN R ME YRR ( PSA) Ko HE R 5 IR AR L, B AR R AR [70]
[A]%E K (60% )

. . AR | JBE U AR 4 (SDC ) A1 Span 80; s b e
ke iy & S5 N PARG) RO A IR R e S 3 O o B R iz [71]
TSR % L 5 FE S ST 0 28 B S BB
- THHE M (BSA) RHILIEN (CMS) (B4 TEN (QAS) ST (0 45 B S Mk o 6 RN R TICIEE 1 | [72]
T il 2 ﬁ@%%%%J—*%ﬁ@ﬁwﬁfﬁﬁ#%ﬂmﬁ%m%mﬁﬁiﬁ%ﬁ (73]

&K bri%e
S 3 _ L Yl K
AR T Wetty % jﬁfg f’% (L= MAP) S5 SRR T e e e [74]
ELp S A Ji i % JRARBEIRES (ZeP) IR BT mRR e T [75]
. 13 ANE IR , BT BT TRTG P | B Y 40 1 R A K

é &Y \\ N \l S N
RGO T (TR P - 13) ARYIKALF (AgNPs) TG B Fa s b [76]

e . L L JULT- A a0 45 R S 1a) | B B) RN pHL i J

) o A~ i mfi T _ |H 5 N
ELp S YA LR R S fLIBERR L (ZrBPMP - 3) HIHAREN TR ELUPHG A M R 2 e [77]
Ep S A R A FLIRERZ £R (ZeBPMP - 3) H AR JUT- T 4u M S5t m) | B
PRI e, R R R A R R R (CS) A Et%‘mémﬂﬂ?é‘iﬁfﬁfﬁ\w S JRRIURY 155 K B (78]
HEH(ALB) TR
5 (PP AR 1 PR A — o — PR 9 e i~
HpK ek BSE W) bR - EREEREROR) o PR SRR g,
[ P(MMA — co — MAA) —b — PAEMA ] : AR
B A Y pH mi N IR E R AT
IKBEEIE i £ [ 5 28 KRRE N — 2K L ke i AU 20k 83 SRS 2 B e v tedE (80
FMZ£ik9.6 f%
R4 T 609% LA (0254 06 3 11 g6 £
4K ER Jo £ % SRR BRI PR AT 4 2 25 FRATCRE PR K A IR 7K S, AR 6 A [81]
FIFHE N 8. 6%
I . N L R PR AR Y R S 3 AR
HOsERe Btk e TE T M AT MR W I [52]
g PRI T 23 - 38 1%
: e o ARG IE A IR 09 MU P T
g W ey TETMRIEIRCE PR g e oh R R (53]

RN o % & 2L




rhE 2GR 2023 4E 1 45 57 B 1 I

H

Chinese Journal of Veterinary Drug

<75 -

3B =2

YUK AR B AR BB S 55 5l
HEAER NP B R 2110 A A AT I,
Fi NPs IEFESEATIG AR IS WY, 3% f e T 38 4o 5
THK B J7 BRI N RS 1 B, AR 45
NPs o, 25 B NPs S s BEAR 0, RE RN E
TEA e S b i 2 M AR R .
NPs et B4 2, LMEAE AR 9 38 B rhidh 47
PR PR X I 6 AT DI I 1 B
DK AR AR R AR A 5, He o 11 g 6 ] 4 Ak de v
PR B RN RET G, T RG240 &
FIBE NP 1991 & NEEIRTTHERE T oRig e, &
M, REB IR AL 25 R G TEAIAL T 9250 %
BB, T 17 22 Bk A%« an o] 365 0 2 24 1 DL 31l R
TRYT A 5 FF R AE T I PR A4 50 5 22 PP AL
AR RS, BRI, S T 4R 30 v AR Bk ik 11 52 A
AR I AT R A DRI

SE

[1] A.Muheem,et al. A review on the strategies for oral delivery of
proteins and peptides and their clinical perspectives Saudi Pharm.
J. ,2016,24 :413 —428.

[2] L. Wright, et al. Oral delivery of protein — based therapeutics:
gastroprotective strategies, physiological barriers and in witro
permeability prediction Int. J. Pharm. ,2020,585 :119488.

[3] . Richard Challenges in oral peptide delivery:lessons learnt from
the clinic and future prospects Ther. Deliv. ,2017,8 :663 —684.

[4] S.J.Cao,et al. Nanoparticles: oral delivery for protein and peptide
drugs AAPS PharmSciTech,2019,20.:190.

[5] S.L.Perry,D.J. McClements Recent advances in encapsulation,
protection, and oral delivery of bioactive proteins and peptides
using colloidal systems Molecules,2020,25:1 -26.

[6] J. L. Lau, M. K. Dunn Therapeutic peptides: historical
perspectives, current development trends, and future directions
Bioorg. Med. Chem. ,2018,26:2700 -2707.

[7] A.C. Anselmo, Y. Gokarn, S. Mitragotri Non — invasive delivery
strategies for biologics Nat Rev Drug Discov,2019,18:19 -40.

[8] S.W.Chung,T. A. Hil —lal, Y. Byun Strategies for non — invasive
delivery of biologics J Drug Target,2012,20:481 —501.

[9] S.R. Hwang, Y. Byun Advances in oral macromolecular drug

delivery Expet Opin Drug Deliv,2014,11:955 — 1967.

[10] D.J. Brayden, M. J. Alonso Oral delivery of peptides : opportunities
and issues for translation Adv Drug Deliv Rev, 2016, 106
193 - 195.

[11] E.Moroz,S. Matoori, J. C. Leroux Oral delivery of macromolecular
drugs : where we are after almost 100 years of attempts Adv Drug
Deliv Rev,2016,101:108 - 121.

[12] R.Ismail, I. Csoka Novel strategies in the oral delivery of
antidiabetic peptide drugs—insulin, GLP 1 and its analogs Eur J
Pharm Biopharm,2017. 115:257 -267.

[13] S. Shaikh, P. Jaiswal Oral proteins and peptides market overview
(2018).

[14] C. Stillhart, et al. Impact of gastrointestinal physiology on drug
absorption in special populations — an UNGAP review Eur. J.
Pharm. Sci. ,2020,147 :105280.

[15] S.L.Perry,D. J. McClements Recent advances in encapsulation,
protection, and oral delivery of bioactive proteins and peptides
using colloidal systems Molecules,2020,25:1 - 26.

[16] L. Wright, et al. Oral delivery of protein — based therapeutics
gastroprotective strategies, physiological barriers and in vitro
permeability prediction Int. J. Pharm. ,2020,585:119488.

[17] J. Richard Challenges in oral peptide delivery:lessons learnt from
the clinic and future prospects Ther. Deliv. ,2017,8:663 —684.

[18] M. Morishita, N. A. Peppas Is the oral route possible for peptide
and protein drug delivery? Drug Discov Today, 2006, 11 905
-910.

[19] F. Aradjo,N. Shrestha, M. A. Shahbazi, P. Fonte , E. M. Mzkili, J.
J. Salonen, et al. The impact of nanoparticles on the mucosal
translocation and transport of GLP - 1 across the intestinal
epithelium Biomaterials,2014,35:9199 -9207.

[20] N. Shrestha, M. A. Shahbazi, F. Araujo, H. Zhang, E. M. Makila,
J. Kauppila, et al. Chitosan - modified porous silicon
microparticles for enhanced permeability of insulin across
intestinal cell monolayers Biomaterials,2014,35.7172 - 7179.

[21] M. C. Chen,F. L. Mi, Z. X. Liao, C. W. Hsiao, K. Sonaje, M. F.
Chung,et al. Recent advances in chitosan — based nanoparticles
for oral delivery of macromolecules Adv Drug Deliv Rev, 2013,
65 :865 —879.

[22] F. Sarti,]. Igbal,C. Muller, G. Shahnaz,D. Rahmat, A. Bernkop —
Schnurch Poly ( acrylic acid) - cysteine for oral vitamin BI12
delivery Anal Biochem,2012,420:13 - 19.

[23] C. Stillhart, et al. Impact of gastrointestinal physiology on drug
absorption in special populations — an UNGAP review Eur. J.
Pharm. Sci. ,147(2020) ,p. 105280

[24] V. Ravi,et al. Novel colon targeted drug delivery system using



76 -

rhE 22 2023 45 1 A5 57 55 1 1)

Chinese Journal of Veterinary Drug

[25]

[26]

[27]

[29]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

natural polymers Indian J. Pharm. Sci. ,2008,70.111 - 113.

C. M. Wells, et al. Stimuli — responsive drug release from smart
polymers J. Funct. Biomater. ,2019,10:1 -20.

Zhou, X. H. &Po, A. L. W. Peptide and protein drugs:Il. Non —
parenteral routes of delivery. Int. J. Pharm,1991,75:117 - 130.
Fjellestad — Paulsen, A. , Hoglund, P. , Lundin, S. &Paulsen, O.
Pharmacokinetics of 1 — deamino — 8 — D — arginine vasopressin
after various routes of administration in healthy volunteers. Clin.
Endocrinol. Reports the oral bioavailability (0. 1% ) of one of the
first oral formulations of the synthetic hormone desmopressin,
1993 ,38:177 - 182.

Masaoka, Y. ,Tanaka, Y. , Kataoka, M. , Sakuma, S. &Yamashita,
S. Site of drug absorption after oral administration ; assessment of
membrane permeability and luminal concentration of drugs in each
segment of gastrointestinal tract. Eur. J. Pharm. Sci, 2006, 29 ;
240 -250.

Kararli, T. T. Comparison of the gastrointestinal anatomy,
physiology, and biochemistry of humans and commonly used
laboratory animals. Biopharm. Drug Dispos,1995,16:351 —380.
Daugherty, A. L. &Mrsny, R. J. Transcellular uptake mechanisms
of the intestinal epithelial barrier Part one. Pharm. Sci. Technol.
Today 1999,2:144 - 151.

Golub, A. L., Frost, R. W., Betlach, C. J. &Gonzalez, M. A.
drug absorption from the

Physiologic  considerations in

gastrointestinal tract. J. Allergy Clin. Immunol, 1986, 78:
689 —694.
Allen,A. , Flemstrom, G., Garer, A. &Kivilaakso, E.
Gastroduodenal mucosal protection. Physiol. Rev, 1993, 73.
823 -857.

Whitcomb, D. C. &Lowe, M. E. Human pancreatic digestive
enzymes. Dig. Dis. Sci,2007,52:1 - 17.

S. Maher, R. J. Mrsny, D. J. Brayden Intestinal permeation
enhancers for oral peptide delivery Adv Drug Deliv Rev, 2016,
106:277 -319.

B. Homayun, X. Lin, H. J. Choi Challenges and recent progress in
oral drug delivery systems for biopharmaceuticals Pharmaceutics,
2019,11:129.

L. M. Ensign, R. Cone, J. Hanes Oral drug delivery with polymeric
nanoparticles ; the gastrointestinal mucus barriers Adv Drug Deliv
Rev,2012,(2012) ;557 -570.

M. Boegh, H. M. Nielsen Mucus as a barrier to drug delivery —
understanding and mimicking the barrier properties Basic Clin

Pharmacol Toxicol ,2015,116:179 - 186.
X. Zhang,H. Cheng, W. Dong, M. Zhang, Q. Liu, X. Wang, et al.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Design and intestinal mucus penetration mechanism of core — shell
nanocomplex J Control Release,2018,272:29 —38.

H. Cheng, C. Leblond Origin, differentiation and renewal of the
four main epithelial cell types in the mouse small intestine:
unitarian theory of the origin of the four epithelial cell types Am J
Anat, 1974 ,141:537 - 561.

C. T. Capaldo, D. N. Powell, D. Kalman Layered defense: how
mucus and tight junctions seal the intestinal barrier J Mol Med,
2017,95:927 - 934.

M. Vancamelbeke, S. Vermeire The intestinal barrier; a
fundamental role in health and disease Expet Rev Gastroenterol
Hepatol ,2017,11:821 —834.

J. Q1,]. Zhuang, Y. Lv, Y. Lu, W. Wu Exploiting or overcoming
the dome trap for enhanced oral immunization and drug delivery J
Control Release,2018,275:92 —106.

H. Cheng, C. Leblond. Origin, differentiation and renewal of the
four main epithelial cell types in the mouse small intestine:
unitarian theory of the origin of the four epithelial cell types. Am J
Anat,1974,141.537 - 561.

C. Liu, Y. Kou, X. Zhang, H. Cheng, X. Chen, S. Mao. Strategies
and industrial perspectives to improve oral absorption of biological
macromolecules. Expet Opin Drug Deliv,2018,15.:223 —233.

C. A. Lipinski, F. Lombardo, B. W. Dominy, P. J. Feeney.
Experimental and computational approaches to estimate solubility
and permeability in drug discovery and development. Adv Drug
Deliv Rev,2001,46 .3 —26.

Denker,B. M. &Nigam, S. K. Molecular structure and assembly of
the tight junction. Am. J. Physiol ,1998,274 . F1 — F9.
Fine,K. D. ,Santa Ana,C. A. ,Porter, J. L. &Fordtran, J. S. Effect
of changing intestinal flow rate on a measurement of intestinal
permeability. Gastroenterology ,1995,108 ;983 —989.

Linnankoski, J. et al. Paracellular porosity and pore size of the
human intestinal epithelium in tissue and cell culture models. J.
Pharm. Sci. 2010,99 ;2166 -2175.

Turner, J. R. Intestinal mucosal barrier function in health and
disease. Nat. Rev. Immunol. 2009 ,9 ;799 - 809.

Amin M. L. P — glycoprotein inhibition for optimal drug delivery.
Drug Target Insights,2013,7:27 - 34.

Sjostedt, N. , Holvikari, K. , Tammela, P. &Kidron, H. Inhibition of
breast cancer resistance protein and multidrug resistance
associated protein 2 by natural compounds and their derivatives.
Mol. Pharm. 2017 ,14:135 - 146.

M. S. Islam, et al. Bioadhesive food protein nanoparticles as

pediatric oral drug delivery system. ACS Appl. Mater. Interfaces,



rhE 2GR 2023 4E 1 45 57 B 1 I

Chinese Journal of Veterinary Drug

« 77 -

[53]

[54 ]

[55]

[57]

[58]

[59 ]

[61]

[62]

[63]

[64]

[65]

2019,11(20) ;18062 —18073.

G. Vozza,et al. Application of Box — Behnken experimental design
for the formulation and optimisation of selenomethionine — loaded
chitosan nanoparticles coated with zein for oral delivery. Int. J.
Pharm. ,2018 ,551(1 -2) :257 —269.

S. Zhang, et al. BSA nanoparticles modified with N -
Acetylcysteine for improving the stability and mucoadhesion of
curcumin in the gastrointestinal tract. J. Agric. Food Chem. ,
2019,67(33) :9371 -9381.

Z.Niu, et al. PEG — PGA enveloped octaarginine — peptide
nanocomplexes: an oral peptide delivery strategy. J. Control.
Release ,2018,276 125 - 139.

F. Guo,et al. Enhanced oral absorption of insulin using colon —
specific nanoparticles co — modified with amphiphilic chitosan
derivatives and cell — penetrating peptides. Biomater. Sci. ,2019,
7(4):1493 - 1506.

Y. Zhang, et al. Thiolated eudragit — based nanoparticles for oral
insulin delivery ; preparation , characterization ,and evaluation using
intestinal epithelial cells in vitro, Macromol. Biosci. ,2014, 14
842 -852.

P. Uhl, et al. Coating of PLA — nanoparticles with cyclic, arginine
— rich cell penetrating peptides enables oral delivery of
liraglutide. Nanomedicine ,2020,24 :102132.

Y. Zhang, et al. Rationally designed self - assembling
nanoparticles to overcome mucus and epithelium transport barriers
for oral vaccines against Helicobacter pylori. Adv. Funct. Mater. ,
2018,28(33) :1802675.

X. Chen, et al. Cpl — 11 peptide/insulin complex loaded pH -
responsive nanoparticles with enhanced oral bioactivity. Int. J.
Pharm. ,2019,562 ;23 -30.

L. Liu, et al. Enhancement of oral bioavailability of salmon
calcitonin through chitosan - modified, dual drug - loaded
nanoparticles. Int. J. Pharm. ,2019,557.170 - 177.

A. 1. Kostadinova, et al. PLGA nanoparticles loaded with beta —
lactoglobulin — derived peptides modulate mucosal immunity and
may facilitate cow’ s milk allergy prevention. Eur. J. Pharmacol. ,
2018,818:211 —220.

M. A. Mumuni, et al. Insulin — loaded mucoadhesive nanoparticles
based on mucin - chitosan complexes for oral delivery and
diabetes treatment. Carbohydr. Polym. ,2020,229 :115506.

Y. Li,et al. Formation and stability of W/O microemulsion formed
by food grade ingredients and its oral delivery of insulin in mice.
J. Funct. Foods,2017,30:134 —141.

G. Sharma, et al. Microemulsions for oral delivery of insulin:

[66]

[67]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[78]

[79]

design, development and evaluation in streptozotocin induced
diabetic rats. Eur. J. Pharm. Biopharm. ,2010,76:159 - 169.

S. Wu,et al. A delivery system for oral administration of proteins/
peptides through bile acid transport channels. J. Pharm. Sci. ,
2019,108 ;2143 -2152.

J. Hecq, et al. Development and evaluation of insulin — loaded
cationic solid lipid nanoparticles for oral delivery. J. Drug Deliv.
Sci. Technol. ,2016,36:192 -200.

N. Lupo, et al. Self — emulsifying drug delivery systems:In vivo
evaluation of their potential for oral vaccination. Acta Biomater,
2019,94 :425 - 434.

C. Menzel, et al. In vivo evaluation of an oral self — emulsifying
drug delivery system ( SEDDS) for exenatide. J. Control Release,
2018,277:165 - 172.

L. Thwala, et al. Protamine nanocapsules as carriers for oral
peptide delivery. J. Controlled Release,2018,291:157 —168.

Z. Niu, et al. Rational design of polyarginine nanocapsules
intended to help peptides overcoming intestinal barriers. J. Control
Release ,2017,263 .4 — 17.

Y. Zhang, et al. Starch — based nanocapsules fabricated through
layer — by — layer assembly for oral delivery of protein to lower
gastrointestinal tract. Carbohydr. Polym. ,2017,171:242 -251.

N. Shrestha, et al. Thiolation and cell — penetrating peptide surface
functionalization of porous silicon nanoparticles for oral delivery of
insulin. Adv. Funct. Mater. ,2016,26(20) ;3405 -3416.

Y. Kumari, et al. Modified apple polysaccharide capped gold
nanoparticles for oral delivery of insulin. Int. J. Biol. Macromol. ,
2020,149:976 —-988.

A. Diaz, et al. Nanoencapsulation of insulin into zirconium
phosphate for oral delivery applications. Biomacromolecules,
2010,11:2465 —-2470.

J. Gao,et al. One step synthesis of antimicrobial peptide protected
silver nanoparticles: the core — shell mutual enhancement of
antibacterial activity. Colloids Surf. B Biointerfaces, 2020,
186:110704.

Y. Ren, et al. Dual — controlled oral colon — targeted delivery of
bovine insulin based on mesoporous phosphonate. Mater. Res.
Bull. ,2013,48 :4850 —4855.

M. Lopes, et al. Dual chitosan/albumin — coated alginate/dextran
sulfate nanoparticles for enhanced oral delivery of insulin. J.
Control Release,2016,232.29 —41.

W. Y. Hu, et al. Smart pH — responsive polymeric micelles for
insulin. Colloids Surf. B:

programmed oral delivery of

Biointerfaces,2019,183 :110443.



.78 -

rRE 22k 2023 4E 1 HEE 57 B 1 I

Chinese Journal of Veterinary Drug

[80] M. C. Koetting, N. A. Peppas. pH - Responsive poly ( itaconic
acid — co — N - vinylpyrrolidone ) hydrogels with reduced ionic
strength loading solutions offer improved oral delivery potential for
high isoelectric point — exhibiting therapeutic proteins. Int. J.
Pharm. ,2014,471(1 -2) :83 -91.

[81] Y.Fang,et al. Gastrointestinal responsive polymeric nanoparticles
for oral delivery of insulin; optimized preparation,
characterization, and in vivo evaluation. J. Pharm. Sci. , 2019.
108:2994 —3002.

[82] L. Liu, et al. pH — and amylase — responsive carboxymethyl
starch/poly (2 — isobutyl — acrylic acid ) hybrid microgels as
effective  enteric  carriers  for  oral insulin  delivery.
Biomacromolecules,2018. 19 ;2123 -2136.

[83] Z.Zeng,et al. Stimuli — responsive self — assembled dendrimers
for oral protein delivery. J. Controlled Release, 2019, 315 ;206
-213.

[84] A. Alexander, et al. Polymers and permeation enhancers:;
specialized components of mucoadhesives. Stamford J. Pharm.
Sei. ,2011,4:91 -95.

[85] J.Khan,et al. Exploring the role of polymeric conjugates toward
anti — cancer drug delivery: Current trends and future projections.
Int. J. Pharm. ,2018,548.500 —514.

[86] A. Alexander, et al. A comparative study of chitosan and
poloxamer based thermosensitive hydrogel for the delivery of
PEGylated melphalan conjugates. Drug Dev. Ind. Pharm. ,2015,
41.1954 —1961.

[87] Ajazuddin,et al. Synthesis, characterization and in vitro studies of
pegylated melphalan conjugates. Drug Dev. Ind. Pharm. , 2013,
39:1053 - 1062.

[88] T.K. Giri,et al. Biodegradable IPN hydrogel beads of pectin and
grafted alginate for controlled delivery of diclofenac sodium. J.
Mater. Sci. Mater Med. ,2013,24:1179 - 1190.

[89] Y. H.Y. Ibrahim,et al. Review of recently used techniques and
materials to improve the efficiency of orally administered proteins/

peptides. Daru,2020,28 ;403 -416.

[90] Z. Niu,et al. Lipid — based nanocarriers for oral peptide delivery.

Adv. Drug Deliv. Rev. ,2016,106:337 —354.

[91] M. Agrawal, et al. Recent advancements in liposomes targeting
strategies to cross blood — brain barrier( BBB) for the treatment of
Alzheimer’ s disease. J. Control Release,2017,260:61 —77.

[92] Y. Xu, et al. Targeted nanoparticles towards increased L cell
stimulation as a strategy to improve oral peptide delivery in
incretin — based diabetes treatment. Biomaterials, 2020.
255.:120209.

[93 ] G. Vladisavljevi ¢. Preparation of microemulsions and
nanoemulsions by membrane emulsification. Colloids Surf. A
Physicochem. Eng. Aspects,2019,579:123709.

[94] M. Agrawal, et al. Recent strategies and advances in the
fabrication of nano lipid carriers and their application towards
brain targeting. J. Controlled Release,2020,321:372 -415.

[95] Y.H.E.Y.Ibrahim,et al. Review of recently used techniques and
materials to improve the efficiency of orally administered proteins/
peptides. DARU J. Pharm. Sci. ,2020,28 ;403 -416.

[96] A. Gedawy, et al. Oral insulin delivery: existing barriers and
current counter — strategies. J. Pharm. Pharmacol. ,2018,70:197
-213.

[97] N.G. Lamson,et al. Anionic nanoparticles enable the oral delivery
of proteins by enhancing intestinal permeability. Nat. Biomed.
Eng. ,2020,4 .84 —96.

[98] M. Agrawal, et al. Recent advancements in the field of
nanotechnology for the delivery of anti — Alzheimer drug in the
brain region. Expert Opin. Drug Deliv. ,2018,15:589 -617.

[99] A. C. Anselmo, S. Mitragotri. A review of clinical translation of
inorganic nanoparticles. AAPS J. ;2015,17(5) ;1041 —1054.

[100] A.C. Anselmo,S. Mitragotri. Nanoparticles in the clinic. Bioeng.
Transl. Med. ,2016,1(1) :10 —29.

[101] C. A. Schiitz, et al. Therapeutic nanoparticles in clinics and

under clinical evaluation. Nanomedicine ,2013 ,8(3) ;449 —467.

(4 BB REHE)



