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[Abstract] Peptide drugs have demonstrated significant potential in the treatment of diabetes, tumors, and immune disorders, however,

their oral delivery faces multiple challenges, including gastrointestinal enzymatic degradation, mucus barrier obstruction, and low

epithelial permeability, resulting in extremely low bioavailability. Compared to traditional small-molecule drugs, polypeptides exhibit

such characteristics as high molecular weight, strong hydrophilicity, and susceptibility to enzymatic degradation, thus their absorption

evaluation models require higher physiological relevance and mechanistic specificity. This article reviews various models currently

applicable for the evaluation of oral polypeptide preparations, including cell models, ex vivo intestinal sac models, in vivo models, and

animal models, with particular focus on analyzing the applicability of these models in the absorption evaluation of peptide drugs, and

illustrates their specific applications in oral polypeptide development through case studies, so as to provide a scientific basis for the

rational evaluation and model selection for oral polypeptide preparations.

[Key words] oral polypeptide formulation; gastrointestinal absorption; in vitro model; in vivo model; animal model

Bl R HOR PR HE AL, ORI 2 1 &
22 BRI S 31 F TR 97 &M . 2 IR R H
BA e e s 2R s M RIS i Bk /N
YT Z —, TEREIRIA . R M S B ia
SR T N AT R R SR E A 2 A
B )R (Food and Drug Administration, FDA) 4t
HEM KR W H s 3 2, (B 2EUMRI ISR 24,
TEE B RMEZE |l FRAS R B AR i v 452 )
R, 22 K 1 R 500 8 T & 2 R S I 9E 34
RECHZZNMNER . A MRS O 2 Bk 5
B BT, 22 IR RS R AT I I B G R .
W BERELAT . b B m VAR S P e ORI 2
dAE R B, BOf O AR W R B AR T
1%, ST 2R FRaR T, JEST R . Rk
AR P9 A PEAN AR, %o 00 L i 1 e A 7
. fEF IR R R A R E L AR

2025-09-15
G, I
T ReEIT . IR R BB ST N S
hufq@zju.edu.cn

T T 2 K AR R SRR A A R,
ST AN RSO A P, 455 SR S5 001 e ik
AR A R B REHT, S 22 J0K 00 i 590 14 1 PR i
RS

1 ZRAOARRE X AR ES B 7 iE RIT

kiR

22 I 11 R WA sz 30 2 o AR B R PR ] 2, X s
BB S G0Ny T 2SIAT A R 22 5, B LR 5
PEPE RO SR TN | 18 Sk RGBT
HEAR
L1 WE5EEMEERE

B AIE N pH RS S A AR S T 2
o S 5e b . B ESRMRIA ST (pH 1.5~ 3.5) 5
2 AR IETT, BREEMGVIOLA; Fl)S, BRI
(14 PR AT RS/ Al A 3 P AR5 1) /Mg PR G i —
WOKSE s RZ, T L BORIARGRIE L  2 7o IRl ] g
R R AR IR BED ™ 22 JAC Tl e S 2 35 7 T/
ST, Ik, RAFEIFEH R TR 1 iE )
AWML 5 X5 pH 224k



MEE, % ZIRORBIFNBHERIOGFNER RN AR

\ 315

1.2 FikFRE

e T bR R R = 25 W 1 1A
YIRRGERE . BWUZE R A R K BERE M 45, AT
10 3 i P B K AT AR 2 IR 2 ), O Bl A R
HHCHME bR, BORIRE T 25 bR A R
fil 5 BA EF DS 2 BRI 437 R 5 SR K kil
DR, R, PR AL A T REME R
JZ LIRS HEDEAL 22 Ik B RE V25 A TR o
1.3 ERREE

ZIKZE R MR RE I s, FEZIRT LA
THRBRARAIE : o, EARSFERRRE . I dn A i R
B Z MR PR, HAR 0.3 ~ 1 nm, 18
FALV 3 F /T 500 P BELE, dR 2L
IRICIE LA™ . =, A S ORI
b F Rz 4D (intestinal epithelial cell, TEC) 90%
AIRA AN, JLRR BT AL 53 J2 AT BHLAS 25 /K Pk 22 Bk
BNYHL; B A G LY 22 JIS T BB 20 A P T4 i
TR, sk W b i A HESG iz S [ PR A
(P-glycoprotein, P-gp) 1EEH7 2 07 15 5 S04 44 2

e iR FEHFA

Caco-2 NE5lmae R BRI R, RIEER
TR RIRZEE 2 IS
HH

MDCK R v A TR R, BRI (2

5d), P-gp iRk

HT29-MTX  A&5 i 4 e &
EH

IEC PNRAN7SE
B

FLREFRAER Caco-2/HT29-MTX 25 RSN el o 5 M IR 4T e L A7 4k

#, B&HW=

DANMIRANRA, 7 35

R, YRR S

8 (microfold cell, M Zfififd) HHA =R Al
ey, (HHAERERTA S AR 1%, HAT
[ A R A A

FKAGKIBE AR LR B AN Z K,
ZERE b R B B iR A L5 20 I 55 B R A B I A0 if ik
o HET U, HT IR0 2 IR 40 i i) 40 A 7
e 5 TR A AR MR A AR TR i

2 {KSMEEY
2.1 EL ERSRVT HAE & K2 IR s i3S g
A A1 3 5 i 4 A8 80 S P A5 22 Bk 245 11 JIR
W SHGEHUR R T, A BRERE  m e
B RATTE AR 0 HR 2 ki R 1 SR
o O IE G 1 IR S8R I R R R 2%, T T
XA AR B A R EE o SEXT 2 K25 )
BV, SR W A R 1 T R T i 1 i R
GROL . BRIE B R a8 Je b, %08 2t
FRAMIADR . U BB B Rk . HRTR
20 i B R L6 1

SETM RS ZRIGTN R 1%
D WFRZHRERAN FHAZH 1D ShZF02 5 ML
2o P 2) 2 R LA

2) @HT A S B3 3) BRI (X35

EHLHIETL 5

3> B AL BLAF,

iz

D &R T 2 RS D AN AEMIE R, Bk

i IEREARTA 5

2) TEERMES/NMg EREHGE  2) %2 BR R Z AL Fi 1
HIR

1) ARG FRons 22 k(1)
EEISERE
2) G T RGK AR I
FIRZIIRES)

DI (RS U of
2) FhRALR S AN SR

W T Z IR IE W aan 1D MRz R
AT 2) RaEMER %, HizEAK
Rik

D EESSEE B D FREARES, BK.

i 2) TEER{HFTREMRAC, FHibfk
2) EHTZR-FAEAE el

FHBFA;

3) AT VEAL 22 BRIX S i

Z 5

MDCK: Madin-Darby K5 4ifl; P-gp: PHEEH; TEER: #5 R, MTX: I, 1EC: W b4

ARSI B B I AR () 32 B A R AR AE AR X
R 5 AR E Bl A PG A A, AT
NI RN RS AN ZE R RRAE,  ELEA TR AR
PR 25439 5 e s R VR VR R AT T A
T HR A AP T Transwell 55 2 FLIRIERS FIE U

FRHZ, Ay 5 LA ) (Tl ) ALy (BE)
AN 38 I F LB E R L (apparent perme-
ability coefficient, P,,) PFAHZGMEENE (WK 1),
2.1.1 Caco-2 4HHfI P2 MR Caco-2 4L R ASL

Jo B WIS E R R AR Y, BERE A K oA A i Ak o



316 |

¥t A pp

S 20264E 4 4B50% Al

JZEER, IR SRR M) BE RS 5/ N HAR I
AN AL, HERBZFMIREZEAY, 2T
WZIK P, X HpEhieiz 5 sz bl p s

app ™

T % 5

2 5

ZALAERE

v RHE IR G L AU IE S Rk S
KRB R, PHEANRIFE T TC-7 A K
R e AR RS R = R 1 [R)
B, Ao A O E s asn A Ui E g, st
Transwell /INE SR TS5 T B SR A0 3L G A M
IR AETE MK, fff Caco-2 HZIE Tl REME:
R BEFRE o Caco-2 HALJZ T 22 BRS04 AL il B
g8, WX I Z IR B 2R 52 54 i
FhiaRee, WAl T O RZIREAR T, nprfh
B B ) S 20 M ZE RS RR (cell-penetrating peptide,
CPP) XBEBEIE KK P, BRI
2.1.2 Madin-Darby K ' (Madin-Darby canine
kidney, MDCK) #fififi B =% MDCK 4 fifd &
H—FHTYBE R E AR, HIBES
5 Caco-2 4HMIAHRL, REESIE BALFRIRLZE, BA
ARG S5 F AV R R AL ] i, HORA BRI/
fanyis I Bz s FH (transepithelial electrical resistance,
TEER) {i LA K SR 2 1557 A 9] . 78 MDCK-1I
Y g N MDR1 N, ZBOK ARG £ 7S 2 52
% Feik P-gp A MDCK-MDRI1 4ilffitk, JEHF5E254)
HNHERG 12 ML B4 FASE R
2.1.3 HT29-H Z S (methotrexate, MTX) 4
JEL AR R NS I R Y HT29 41 &
W T 2 E VLRI SR . & MTX 5%
AR HT29-MTX 42 B i A0l 7 18 26 5
WA H AR . MTX ] 75 5 HT29 2 i 5 BUAOIR 40
JRERA, SrilbiaiE R R E 2 (mucin2, MUC2) Jf
T ERUZ, H HT29-MTX 40l iz — k[ H = iE-
J& R (Gly-Pro) 1845 Caco-2 4 Hg 52 AH T,
WESCH T A ks, Rt iz i 1 T2
P R B 2 B R AR R R

B TR . SR, SRR IR AR R s Z AR
AU M AR SE AL E AR MR, Tonk e R E
SLIRWIIATE A

‘ o FrllFRAL

2.1.4 IEC fH)  IEC 4 —Fp KR di i & |
KR T AR RSS2 Al T R 2 a5
R HGEE . BB EASAL T R JC e Y
Y. 2 LK Rk UG E R 5E i Ab 3, TEC
AT A WA . AR . o A
IV P 5 40 L 45 2 b 2 i S 0T 2R ) K Bl
B A AR A JRURE A (ke = 0 9RZ Rtk L 4544 )
iz HAGHIIREA S (AR F SAMER IR KT
1), FHCHAETINZ 1145 24 A= 9 ) R RE A )
fIXF Caco-2 ZHMIZE R A a0 AT

2.1.5 NZRET YR IE/NA bRz 40 (human
induced pluripotent stem cell-derived small intestinal
epithelial cell, hiPSC-SIEC) f&%! Ir4E4, hiPSC-
STEC 1l — 2 HLA 5 A AR S ()3 2R A o M <2
BTz KT, 5 Caco-2 I b, hiPSC-SIEC 7E
R 12 2R R 25 W AR 1) 23k KPR ERE A
BNAHL, HAg#Rk MUC2, 78 HHABIE,
W BEBERE T, BRI, FIH hiPSC-SIEC #)%
BALEM 4 0 1 Z IR W S s T s, R
Y Caco-2 UM LRI AE I E 2257 . B, Ji%
HE (TR 5800) P & il bl 2 Ak -1
(glucagon-like peptide-1, GLP-1, 4> T4& 4 3 300)
TE hiPSC-SIEC HJ2 {1 5 41 fg #% iz R i 3% = T
Caco-2 ", X —I 4 2/R hiPSC-SIEC 1] fEH.
AW R A . I, hiPSC-SIEC HUZFAY
SR Z IR T e 32 3t is K aEiR A S bl
il (9 — R LA AR AR, R A Il A S5
BURE R BRAE, R E1 R 22 JU 590 W R
o A 1) O 1 o e e A 1 R S SRR XF 35 43 WA A
A BURE 22 R, N R T S T T 1R
SEETTR



MEE, % ZIRORBIFNBHERIOGFNER RN AR

\ 317

2.1.6 NFHZEMEREE . Ll Caco-2 4l BAJZ ANy
B AR i HOE: Caco-2 4 K HATT AR A5
R, SEASHAREILRE R & . 8 AL I A A 4
M, BRI ORI ST SRR, AT T
O Z KBS . B R HU LS . ki
PR PRSI AL TS T

2.1.6.1 Z BB 5E FIRCARE LA S HLH 55 UE
Caco-2 4 B )23 J2: 07 e R IEA 12 125 14580 751 9 5 AR
B, EAMRAEBERETHHABEHRTA
AdOral® 5 E._E T3 B 5] N-[8- (2-F8IERHI )
& FE] 3 1R 41 [sodium N-[8-(2-hydroxybenzoyl)amino]
caprylate, SNAC] (] A% E R E MRk 74k 47 2
—) BIRLHEY, 2 Caco-2 4 BA R BERIPEM UESE
AdOral “ZEH H H 5 A3 B R AR, nDRH S E
H EAR Gk P, 3 BIEE R 16 f5 A 25 £, HAEH]
MU E S Ry nl ST I i b R S 4, i
WL KA AR 8 . X ISHFFE M I &
AT & B T SR A TR N S s
2.1.6.2 CPP Wy&itflifk  CPP 1E ik adk, wf
BRI RS> T L2 RN & sk A 5554 ia .
FH Caco-2 4NHEATY, W55 A Bt vl REGME4L CPP (1)
SEFUBRTH R A ROR . — TP R, Bt er
75 Ik S HZE ALY penetramax #1743 ALIE M OF 1%,
TR TR, Al R HA S B Caco-2
A RRFE AR T, RS RCR S B bR 2
IEAR N,

2.1.6.3 DIREMERIIR I S s WLRITTSE  BRIGYT
PEZRRAL, SR 2 N T4 R o RebERE (an
B URTEPE ) AW RFgE o B AN, A SR

M4
s Ty
Caco-2 —'—‘M iy
CRLRU g L sz 2m i) (AN

®

222 TRk 3D LA S5 g5l (L5 — 4k
20 B P AR AR e A T R i Y R 2 = 445, 3D
A (I R AR KBRS ) B TR B 9 BB
MR, TTIRTH AN 2R, e
it 5 kR B R I RE L NG T AR PN A B R 8T

Caco-2 2 it BpJZ2 VPA 2 45 5 i W T O 1Y) it S 577 15 i
FU, TRl ERER TR 1 KA 2R R e g A
TR AR DL AR K58 s ARk T . X
ST s T 22 BRI 2 4, BRI At R AN 5
AR TR Y R S ARG T, b ] RETE S TR
Ui A RS AR A

2.2 MR 53D &3

2.2.1 FEERFRAAY Sy i e B AR TR X L R e X
(NIRRT e O G O AN A R e R
Caco-2 i 5 HA A i e R g 35 DAAR Rl BT L7
DUPERTENAIRL, N T 22 K 1 RSP
2.2.1.1 Caco-2/HT29-MTX FLREFEMEAL  Z ARl A]
T LS HB AU AR 18 1 Rz 4 2 B PR 3 A
KR ——HER AN SFRIR A, A HA A BEAH G
PR BRUZ, OF W O N p R Y AT
W9 2 IRTE RN )2 i B S B AT o iz 3R
Rz N T2 WO B B et o . 2 i R
2/ A VPAL S 1 TR RO 0 AE ELAE B AR
HAF#E TEER (HRMISHRR, ik, MR ARHF &
TR RARIERE AN T P A
BEVERRI B RCR

2.2.1.2 Caco-2/HT29-MTX/Raji B — # J: 1% 57 i
B 5EI T A Raji B iU =4ERGE (WA 2), %
Raji B 4lifffi 5 Caco-2 #Hifl 512 I35 55 A5 Caco-2
YA M AR, B PR THMRRR BS Ah s
HIIRE ) . TEZRRZYIRITE T, CATIFSEIESE,
Caco-2/HT29-MTX/Raji B = B 2 i fasE
PR H A | DhRE AR E A 0 i 18 B AR S
B, TPl A 2 B AR B s P,

HT29-MTX
| CHL iR A
o O —riin

Nagasawa S5 R HAGEAUZ 3248, il S St i 55
FE A5 T KA AR Y 3D T AR IE ALY, %A
RPN = AesR B a5, i BAT W b e 48U
AT AN R B 4 1 s 5 Transwell il #1950
BERIAH LG, 1% 3D BARY A p Wb 276, HAA AR



318 | B A

PPS 202644 4 4E50% 454

RIS AL RS PE S AR N i L e 4 . Ak, 3D
AYATENE AR AGOR 2 B (e R g . S H
RG) g T B B A5 Y 3D il
PRI

A RIAE 22 K 11 R O B AT W
.

1) A BRI S KRR e . BRI A
() S R UK, AR T RE R e 1
GrbEtid 8 B, MK, ShAS TN Z ARSI iz
Je H A5 75 125 i 50 6 Bt e D e el b L Kk
PSR T oI5 .

2) WIS G SR 1l . Bees - E
{5 A 1 23R 0 A8 TE S T S 0 1 W L i 200 B %) T -
FEIEM L, SRR A M L X 0 22 JIK IS 41 g
U S SR A I B R TR e

3) A A PR AR, AR O AN 2
W, I A 35 0 1) B AT A A s N ST RRUE
AR, X — 4 T AR A A 5 PR AR
i R R 2L TR IR R B, AR MY
B AR Q0T 22 IR P R A5 Wi TR EA AR

4) BHAL ST RN, E YRGS
J il AL e i, HE &R A R a1,
R I K o R R A B R S (AN SR )
(R Z2 K IR AR BE 5 T Rl

H i 2z B A 2R K AE A i & (dn
Caco-2/HT29-MTX), 45 Y A= BRAH G PEAS K 2k
AR REACHI BT AN, HER SRR Rk
FESOUA A A A B DD AN S, AR P R 2E 3
BImEAB AT I ETEARE . R T4k 3D
SCHRASRISIIL T N CAMAEESE T 1 CHEUET B
bk, Rkl 5 hiPSC-SIEC 57l S a8 B 4s 4,
HERBIMR TSR RS, AR A SR E
SCPE B A FREE R AN ShAS BRI B B N — 1R LK
1R ISR
223 IHERGEAA ARk, H/ANBALUNE
) IE 5 TR AT A AR, R DL A 2 U T
AP RS S T Y BT 2 k2 e
%, PpiE s B AR R R A0 i 18 A A A | 4
FRAMIm P ek KARZ R, 1E A PR 22 AR i)
Pe . BBV IIRITROINE 1T A

AN 2SR B AT A A K s (R R B O M 3 A B A
TERThEE Cnpass M EIL A . Atz P450
fREFTETE . B WE ), EHlkNBHLIES A
2R DRES . XK E B AR e
A YRS Lgrs ™ T NN AR B RS = AR A, g
SRl LS il Y R SRR R 18, B

AIEH W AEHTIRE, EXT258 . el A sl 3
T SR EREEA A R e O IRZ K25
1438 35 DA H B Al (8 1y R )

WiE A8 B B BT — e s R . A 14
s 235 A B 1] 245 40 10 A 200 T ey % 1T ARSEADL A P 46
AR ERAS, KA RGE B 2 R A TR Y AT
RPN HEEALRY AR LR MERE K, HRTFE DR
JOA vy 5 3 T A g AT TR I PR A o
23 FESEaEER

O BRI BRI AA 7 38 S PR ) LA
BEREA T . s s Bl T 25 AR A
Ji 1 W A AR S B R Y P34 T AT sh A A
WUAE G B . AR Bh B 3G TR A A S R A BRARRAE
b 2 SR B AT R S AR

T4 W T 0 A B T AN S A MU 2 A3 3E
FH BT 19 Z2 A LIS T LA S 1z 440 ot 0 EL il D B 44
JP7, Lee S & T —Fh3E T Caco-2 4 I 7EfK
WS R RMREREAN “HiE-FS R, [l
AR MR AR R, TP F R A
B ST P 245 4 38 1% 5 WROSCREME o FSEIESE, 5
Caco-2 ISR AL, ShABMMAREE R T 1Y
NIl b 2 JEAR A0 R TR ol B R T B B i, R
N SR DIRE R 1 S ACEG, R B
A= R ZS 19 25 W R PER S Gleeson 25PY R 45 L
BT ARBEERAS Transwell BER1 5 GLRAE W7 1E 0 R B
FEH R Z BB S SN i PERE , R B T
R BIRINT 22 B i MR RO Y B 25 4, il s
Transwell A5 70 B $2 30T 55 (A 5 7 (AR 70U fr UL 58 485
A B P A AR DG S TN (R ST AR
WAL B RS T, 0 R B R R B A i A7
P FINASE T o ORI T O R A RS R A
Wi NSl & AR AL R T AT RE, H B ETY
FERARRIR, Gy, Eaieil. s .
PeVE S 26 il = brofE A e AR BEAI (W TEER) 4%
R

ANTHEE (artificial intelligence, Al) 5#ifE.s
R85 T HETH A IE AL G W e ) S Sr g i, T
SRR TT S2590T & o Bilan, FIFHEREE %> £
Y NIEREIRA TN 7B E T Sk 23 I | O | N S A /b S
P, AR TR ERERA S AL AR SR
WA . pHAE . EAESE, SR &
5 MR 2R T VP 25X i A R B 52, S8
AR BEE © WORTAR I e AR e AT A
U A T35 8 CPP i i 1k 22 ik sk 16 28 A4 2%
o Al SIGES R . R EEE RN S, IE
Hesha s R EE . AT N ELAS AR 0 22 K 1 AR 5



MEE, % ZIRORBIFNBHERIOGFNER RN AR

| 319

TR R

2.4 Bk EER
24.1 JLHER A S
R s A T

JEHTHE TR R SR T 2
IR B R B, N

WA IR A5k SRR b 2 )
ALV (BRI MR (L 3), st
25 SE T LB AR BORERAMI G %
UL, JE P, BRI,

PR N

o ne
G —
¢
!
B s B

R

S RIAR e, R R R G R
JE ] AE R I S5 S e, RERSIR T 1Y IX I 24
S (AREL . A SRS, Rk
TEARF BB P, BB RAEOR G, P4
L8 A VE A REDY . e R R4 £
PR BRAE T Re U % 20 5 1 3 80 1 2FFRE, B
o= WREV B i AR, X BRI 22 R A ) P 3 2
BRI HBTROERR, ANl T2 Rl i 7
#r, HFRIBRIKIEZ, BrER a2,
242 SNEIARERIAL  SNEA AR E N T2
W, H BRI AT 25 ek . MR L £
FIZGE . 29I AR, LA SO i 98 35 50 )
BT/ e AR AN W 0 S DA | R LA LN
o BEANBIEFR A S, Z5FLAAEIR , PR P
Whe (WA 4), HESE TR T2, THT
P A A XI5 2 S P M s AR, (L d il o
W WS- i 228 T WSO ZH 43 | 2 2 K T R A ) B
P ZE A B 1RO s 2 R BRI 2 20
FIHEFFI R, SRR RS, RSN R vk
AR TT SR, LUkE G /Bl i v X i 4 2

Y TR

B E
P52 I
AR
0, FT,W#
>
) 518 e
FERE -~ >

2.5 HMERIN & RAZA S E MR

2.5.1 BiEVEIHE P, Rk 25 Y fE SRR ]
PN RS AR L, MRS B 5 A M2 B R BRI E Y
HRFE R . LAMRSNN M SR 2R ], K A 5%
T Transwell /NE 2L L, TEREURHR)Z; 05
AR 8S L 57 A BEASGN &: TEER B, #fIA 40 )2
1) S8 B RN R B WU O o B 22 R 0
A TGN, A SRS Z% M5 AR B 1] 55 DA
FLRMIRE, bR R EE S v . DL RS
XTI AR, TR PRI RRR, B25YiE



320 | B A

PPS 202644 4 4E50% 454

R, P AR
_do 1

W dr C,- A

Kb, do/de HEWCE ST A, C o
BENIRREE, A R
2.5.2 RN ik
2.5.2.1 FETHLERF T MROCRBRL  Hlass>]
Tl i e a5 2R (R AR L s
W logP . SUELA/Z ABCREAE) 5SS/
BVERARAROCHS , M AL, PR, X T
I3 TR 500 RAEGE/INr T 258, etk
T T 7 18 9% 35 VE A R b s (B TG
Lipinki 5 LRI ZIRFZ 001, HRNEE
X 28 EE i MER AR S 1 2, I A =4
SR,
2522 T T e )AL i
BEALL AT 38 b TR 25 ) 53 AN IR TR FE 19 ) F g7
o, FAFFRH, HEMESEERL. 2nEd
IIARE e i/ N 2T R 3 v WL
2523 A28 J12% (physiologically based
pharmacokinetic, PBPK) i3 A LA
PBPK V- &l N BT RRIR, S AN g sh
. ABME ST B S is FEARTE S K ZBE T, R T 25
PEAL M T B AR S P, TIOR8 E R AL

app
(effective permeability coefficient, P,) .

3 fERE
3.1 REALRF#ERIRE

2 [ FDA2017 4EHEUER B B PEVEAL 7 BB
KU HE ST O I S e — ] & HL A FRT G
MR AR, F T 259038 BRI 5 AL 2 550 24 4y
KRGV o A B o A 4 D A7 g 1 B 1) 9
S BB PR . FRIKORE IR 7 I T S =K
P FARERAER B AR AR )z B P %
BOHITE F T 0N 25 0 i £ BRI B, IR AR b
5 SR 2 0 i 1 R A A B R, B A v R T R
WAL Ty, BHRTE T 32 W T 22 K E1 R 550 iR
AP

W B E IR AT ] SRS P A, I BUE T AR I
P25 G, AT

P = g'ln(gi"t )

A, O WHERHER, 4 MERMBEHR, C,
HC A3 A A RN 25800k B o 120 PR R T
i, (XML EEZY, nTRERRE 221 /N = 5%
KRR, X TARBEEZY, "RITEIKES S %

iR, R ERR A G A NOSGE SR, ST
P X TWARZBEIEL Y (2 RK5Y)), nlRE&E
o R U B 1 B R BRI, LAk S P e S A R
RUFFIE 2500
3.2 FRERHREEER

3 Ik B S E ARG IR 2 K 1 R4 25 1) —
Pk BAT s i te . 29 N IRE A M E R £ 2
ALHE 2 KIAR . A FLIBE R (chylomicron,
CM) i ARG /R 2509 M 44 S a8 4200,
HA CM A me imm e qtefe s, v s
WL R GERE AMRIEIRET iy 28 b L0 A i A A A8
FHTI0 5 £ AP R 20 25 ) M 1 20k 1 R Se i in 72
RN SR A2, BE X 2 R 3R B AN R A B A B
(AR . AFETHEE (angol . 25%) FgEm
R CINRIEYER WG . e . BRI ) AR AL AR
LB AT RPEA 0 R A 750 £ e EEL A DY A AR
I F AR B RO, RERS HETEAL
2 K2 B W 3 S R L R G e i R B AL
STl EL R SR ) 22 KRR R T R RS . ©
A SCERTEAR T IR T /N B 2 B T 4 45 19 T R
FEC B B R BRETE T . FARIREMERE 5
XL IR B AR LR A% SCIR R R GEe
SEUING ) DL A I S 6 K e e
TRE ARG UMUK EE R, AT RESZ M bk LR Ik
ToESE B AR BeAh, FhE 22 S S0
W R E SRR

4 THEE

SRR A 22 R 1 IR A 400 5 2528000
KREEPRNY, P m PR AU BT DI 5 5256 T A
Yo FEPRNIRRATHTFE R, PR E 235 b A A DR
DL NZEARBL Y Sl A A 52 0 B ) S B 2D B
B B PR IE H A A 22 Pl i 11 AR A A BRARRALE
Wi R, piEfhady . K%, pHHE.
J st e A INE I R VRS TR i A
PEAEEH R S S A LR N B R
FRAF . BRSRh s, 5 I8 SR A |
PEAAIPIRSF N R o 2 AP sh g
TP A P OCARAE , R S AL L) 5 28
NIBFPIRES, JCHAEZ RO IR T, 3)
PIEAL R e S B (2
4.1 NEZHYEE

R VAl IR 25 8 8 W /N B S
HASROIRAS T Y B HEzs R 5 68008, H/AMNa M
B WSy LS S8 258 i
PEAFLEROCHE™T, SR, AR E e B RIR : W



MEE, % ZIRORBIFNBHERIOGFNER RN AR

\ 321

s R ANE . RS N e 2
5, HEARWGIE pHE . A A TSR E
I, BRI RE R ) 1R 22 Bk 25 R G0k e i o
AR

INERR T /NS Ay, S g i A 3
FRE S AN RAEAER AR, (E IR TG 5 R Bk
LI PR, dnipiE pH B AR . 2 /N R )
FIA RS, BEAh, Joik B MR 56 8 11 A 7R 28 2 ik
VRS MR RYE . 558 TR TEEAR, %
FEE B (AN fCl e . i 8 1 R AR )
RN/ N, )2 PR AR R W)
Hoh ik R G0 AW HL
4.2 KEIZhYIREY

FE AR R A Ry 2 A 11 AR 7 7 790 2 ) £ 1R R AR
YA, HAEEREH . 28RS T E missh
PE L B 1 45 B A [E) RN 43 0 R 4 O TS N 2R A
R, B WIIEIESE, HAR R 8 255 is fE 3R
RS NEEAHLIM:, {8 P-gp FIAFAIE T #2
SR, KRB 5 AR E R A R sk
2, %SO 2P SR R R

W OLHSE/NESE ) Bl A Y B 29
WS BRARE ARl A e A B Re 1B 22 b H T i
PRATZE O AR B R ) F2 B 3 e
HE W B T . A B R A AR IE 5 AR
AR, (EH5 A KA B 25 e . SMHERNE R
SEIAFE A 1 B [RIVE A RR I T A B AR
43 WK NW=ERRFESKESH

1 R 22 BRI 5500 A AR PN AR 75 2 G0 %5 458 L A0
WS R . Wl Sk SRS .
4.3.1 WGBS BT 25k - R
LAt E MR NS HEE . gk E
(Cpo) ~ INUERTE] (T, ). 2582 FHE AR (area
under the plasma concentration-time curve, AUC) .
P (¢,,) . FHRF AR (mean residence time,
MRT) . 5% (clearance rate, CL). #aX}A:4) 4
FHEE (absolute bioavailability, F,,.) il it LT 25
A

Fo- AUC,,, - Dose,,
@ AUC,, - Dose,,,

Arh, THw oral A1 iv 23 B RS RN R K
HHZ IR, AUC 254 i, Dose X
RGN
432 A4 #2548 3 J1 2% (physiologically based
pharmacokinetic, PBPK) #fX PBPK &% &
JiB X4 pH . Heis iRkt . g rE . AR0s
B IR A SR, BN R A E]

x 100%

AIZGYIRISA TR, SCRERR @ AN 5 E IR AT 1 T
W AR, PBPK BEALC T PEAN H R 0 22 ik
BRI B oS AL 20
433 it PAREAMG RS TR
B IR BE AT, AR 2 I SRR B A T
B R B 2 IR YRR A HE T A
T B AR AR, 2O IE R AR T A
EELIESGYSE
€I 2 p ey
Kb, CoHhYklE, z it s (R
Bl 0<z<L, H L ZFrEEmBIEIKE), v,
N, D ORIy HCR S, R MImE R,
P, RREG BN, kRO R 2 IRITIR
W W ) 52 Br 3 b, R 220 e G (RP

’C v s e s (0C .
D?—()), IR RREAM (Tt—o), [lidiny Vzlﬁ
z

Rl E R, BRI FEA
ac 2
v = R P.CkC

PR BRI TR 2 VIR oA B, B DL &
F R A WSR2 45 2500 i 0 1%, R EX
ARG, MR E LR 2%, R
5 220 1R R A o A7 9B o P B T I I R A
BRI,
4.4 ThYEENEH 2 BE ORI R KB E =

I Bl P s 40 Fim 22 R 11 IR ekt R AR
LR 5 8 Ho—, FhB S TE2E R, With2s)
Wyl 8 RRBEG VEE S TS, ATRE R B KRR
MR, KT, HieEHRAER, WK iaE
H 1 RBKF SRR R A MR 25, 1=,
WMERG LT 25, FTREZ MR TR sk £ k-5 it
HEYK a0, i, s vk xS, a7
RESZIN M 4N T () is 5 R B e g i 2% s AL,
PIRBRIAHSCHE: , A B s R (AR IR
RAEVEMISE) , T B DRI P B SO Rl L ST S
NIEPIIRTS T BB 1B WS e A A1

5 25 Bk D AR50 A & R R RIS AR Y . A
5.1 B

H MK E KO A (semaglutide, Rybelsus®)
T 2019 4G BTl F] SeRE IO —Ff GLP-1 €
iy, W TIRYT 2 BB IR, O IR )R
SNAC 1E R E g o, 5 5 4 M A2 A ik 245 9
W, FHOCHFCR A b 20 M NCI-N87 P4k FLi
bR B, A TUAR R AR B AL, L



322 |

D

2T

S 202644 #50% H4H

TARGEFLAFEAR , LS F] A% B IR 32 2 1o 5 20 i
WAL E AR, BN R SNAC TEiZad FErh &
FEOCHRAE

PRt B AR 77 (octreotide, Mycapssa®) T
2020 AFARAE BT, SRABER B ER R EOR, HA
J5 v %) B i D7 TR TR I BRI 1 R e e, R
M5B ENE . SD KEBBAIBIE WoR, I nl 52
MARGEZ Y 5 ER, HAE W6 A KM KR,
UESE R VAR 25 A T s AR BRSO AR X A= )
FHEE S50 R 2.3% F1 7.4%, $E781% 60 S e A R 4 Fh
ez GEITIE =S
5.2 ORR % B2 B IR OIT A AR 8L R R

IAER, BEE Z IR R BRI, 250
B 1R 22 ik A 1B 245 Wy AN B R B, RS A R
W H RS, WllGe AWt

PN-943P22 — 7 11 ik 18 M 3 Bl 1 o4B7 5
FAEPUIK, T 2022 S ATRYT Th EEEBUG IS I R
0 LG RAIESE . Holl PR AR5 R F 2 )2 25 R0
WRR: RIMEE T, PN-943 72 AJRJFAR CD4™ T
2 A A5 R v B 7 AN EE R A RS M (ICS, = 4.6
nmol-L"), JFA[iES B7 B AEWNIL; FEIR/INEUSE
R —PIESE, PN-943 TEIRDHRZS LA BA
g S A AR, R R i )R A
]

MK-06162 154~ 3 Al RAF5E 1 F1 AR R FR Ik
KT R A AL B A BO% R &R 9 (proprotein
convertase subtilisin/kexin type 9, PCSK9) #1Iil5],
FTRST BB LAE , T 2023 4F3EA T PRAF
58 o ol PR AT PE O 7R &R R R S B S T A
(MDCK-II 4fi fg i) SR N 25 s Ji-aitse (&
T R R, 45 R, SBdE e,

[1]  Sharma K, Sharma K K, Sharma A, et al. Peptide-based drug
discovery: current status and recent advances[J]. Drug Discov
Today, 2023, 28(2): 103464.

Zhu Q, Chen Z, Paul P K, et al. Oral delivery of proteins and
peptides: challenges, status quo and future perspectives[J].
Acta Pharm Sin B, 2021, 11(8): 2416-2448.

Wright L, Barnes T J, Prestidge C A. Oral delivery of protein-

(2]

(3]
based therapeutics: gastroprotective strategies, physiological
barriers and in vitro permeability prediction[J]. Int J Pharm,
2020, 585: 119488.

M, 1R, Mhscke, % . DIRZINANE O 2o
JE]. Bt e, 2021, 45(6): 452-459.

Diehl H P, Wildey A, Prasasty V D, et al. Organization of the

intestinal mucosa and barriers to oral drug delivery[M]/

(4]

[3]

Nanotechnology for Oral Drug Delivery. Amsterdam: Elsevier,

MK-0616 75 £ 8 A5 b i 28 11 A W 1 FH RS vl 3k 24 2%,
FFEEFR AR PCSKO #3500, TR T MARSh
HLTIARF ST 2R N T RE S IE Y 58 BT A2
INJ-77242113F 2 9 A~ 2k A R 75 I B 1 11
M4 2-23 (interleukin-23, IL-23) SZUEFSPL
PRE, 6T R BRI 8 6 RN iz 4k
%, T 2025 FHH BT, HIGPRATIEM R AL LUK
SEIHREURAE, KRGS I 20 23 K A TR 45 i 4 MR A AR Y
WE 2T, INJ-77242113 a] 5 SHRHEHm ) 1L-23
VRN IL-22 ik, I8N 2k N R AR AL IE S |
e T WG AR b iE— A3 BN, bRk DiRE
JRZY R A T I R AR S (2 4 Tt

6 FitERE

i v T 5 1 PE AR A S 4 B v 250 22 Ik R 51
R G . ARSCZRGE I T DA it 2] 5244 50 0 1
RPN, R T 2K E IR . AL A
FERNEAL N A 42 2 . Caco-2 S5 4 i B2 A |
AR BB LR A, 38 T R 0 e R
MLEIIRER ; JUITETE R G . AR 22 55 B AR
A] R 48 7 245 9 W 0 DX 38 2 S R i 3 B R T BE
FEARRE R RN S Py RS 0 B S A oy A RS, SIS T
2 RSCRIAE W) FH BE A e A i

A, ZRK ORI P EM AL B 5 R e AL
Ptk e . N TR RE S LA = T HORIEIA,
A I KT A - B A I - R A T R AR M T
P A= o 4 B WA B I 2 L IR AAR B ) ) A
BEEAE, 2P ) A R S

SRS, ZEEINE . ZHARE SRR
K2 K IR FIITPAN I R, AR s 2
JOR 11 R i) 0] (4 ek AR Er 1 5w PR g FH 4 A

2020: 7-25.
[6] Volpe D A. Advances in cell-based permeability assays to
screen drugs for intestinal absorption[J]. Expert Opin Drug
Discov, 2020, 15(5): 539-549.
Steyn J D, Haasbroek-Pheiffer A, Pheiffer W, et al. Evaluation
of drug permeation enhancement by using in vitro and ex vivo
models[J]. Pharmaceuticals, 2025, 18(2): 195.

Jochems P G M, Garssen J, van Keulen A M, et al. Evaluating

(7]

[8]
human intestinal cell lines for studying dietary protein
absorption[J]. Nutrients, 2018, 10(3): 322.

Panse N, Gerk P M. The Caco-2 model: modifications and

enhancements

[9]
to improve
performance[J]. Int J Pharm, 2022, 624: 122004.

Birch D, Diedrichsen R G, Christophersen P C, et al.

Evaluation of drug permeation under fed state conditions using

efficiency and predictive

[10]



MEE, % ZIRORBIFNBHERIOGFNER RN AR

| 323

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

mucus-covered Caco-2 cell epithelium[J]. Eur J Pharm Sci,
2018, 118: 144-153.

Floor E, Su J, Chatterjee M, et al. Development of a Caco-2-
based intestinal mucosal model to study intestinal barrier
properties and bacteria-mucus interactions[J]. Gut Microbes,
2025, 17(1): 2434685.

XRE, 7575 . MDCK-MDR 1 AR5 K HAE 2455 e BF 5 b
R FAERE[T]. 25 2 2 4R, 2008, 43(6): 559-564.

Fedi A, Vitale C, Ponschin G, et al. In vitro models replicating
the human intestinal epithelium for absorption and metabolism
studies: a systematic review[J]. J Control Release, 2021, 335:
247-268.

Itagaki M, Kamei N, Takeda-Morishita M. Evaluation of
function and features of human induced pluripotent stem cell-
derived small intestinal epithelial cells for analyzing peptide
drug intestinal absorption profiles[J]. J Pharm Sci, 2023, 112
(9): 2591-2595.

Naessens U, Gutjahr A, Blache G, et al. 1677-P: AdOral: a
versatile platform for improved oral peptide absorption[J].
Diabetes, 2024, 73(Supplement_1): 1677-P.

Diedrichsen R G, Mishra N K, Fredholt F, et al. Branched
penetratin and penetramax display enhanced intestinal insulin
delivery potency compared to their linear counterparts[J]. J
Control Release, 2025, 380: 1031-1042.

ZERAR, XA, U, 4 N R R I RRERIKTE Caco-2 2
fE L E A P R SRR E A D] F B &S 4R, 2023, 23
(6): 8-17.

Berger E, Nassra M, Atgié C, et al. Oleic acid uptake reveals
the rescued enterocyte phenotype of colon cancer Caco-2 by
HT29-MTX cells in co-culture mode[J]. Int J Mol Sci, 2017, 18
(7): 1573.

Cheng Y, Watanabe C, Ando Y, et al. Caco-2 cell sheet
partially laminated with HT29-MTX cells as a novel in vitro
model of gut epithelium drug permeability[J]. Pharmaceutics,
2023, 15(9): 2338.

Antunes F, Andrade F, Aratjo F, ef al. Establishment of a triple
co-culture in vitro cell models to study intestinal absorption of
peptide drugs[J]. Eur J Pharm Biopharm, 2013, 83(3):
427-435.

Nagasawa M, Onuki M, Imoto N, et al. Fabrication of 3D
engineered intestinal tissue producing abundant mucus by air-
liquid interface culture using paper-based dual-layer scaffold
[J]. Biofabrication, 2024, 16(3): 035029.

Estermann M, Bisig C, Septiadi D, ef al. Bioprinting for
human respiratory and gastrointestinal in vitro models[M]//
Crook J M. 3D Bioprinting. New York: Humana, 2020:
199-217.

Rudolph S E, Longo B N, Tse M W, et al. Crypt-villus scaffold
architecture for bioengineering functional human intestinal
epithelium[J]. ACS Biomater Sci Eng, 2022, 8(11): 4942-4955.

Markus J, Landry T, Stevens Z, et al. Human small intestinal
organotypic culture model for drug permeation, inflammation,
and toxicity assays[J]. In Vitro Cell Dev Biol Anim, 2021, 57
(2): 160-173.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Fair K L, Colquhoun J, Hannan N R F. Intestinal organoids for
modelling intestinal development and disease[J]. Philos Trans
R Soc Lond B Biol Sci, 2018, 373(1750): 20170217.

Wang Y, Gao Y, Pan Y, et al. Emerging trends in organ-on-a-
chip systems for drug screening[J]. Acta Pharm Sin B, 2023, 13
(6): 2483-25009.

Kim R, Sung J H. Recent advances in gut- and gut-organ-axis-
on-a-chip models[J]. Adv Healthc Mater, 2024, 13(21):
€2302777.

Lee S Y, Lee Y, Choi N, et al. Development of gut-mucus chip
for intestinal absorption study[J]. BioChip J, 2023, 17(2):
230-243.

Lee S'Y, Sung J H. Gut-on-a-chip for in vitro drug absorption
models[J]. BioChip J, 2025, 19(3): 545-555.

Gleeson J P, Zhang S Y, Subelzu N, et al. Head-to-head
comparison of Caco-2 transwell and gut-on-a-chip models for
assessing oral peptide formulations[J]. Mol Pharm, 2024, 21
(8): 3880-3888.

Deng S, Li C, Cao J, et al. Organ-on-a-chip meets artificial
intelligence in drug evaluation[J]. Theranostics, 2023, 13(13):
4526-4558.

Masloh S, Culot M, Gosselet F, ef al. Challenges and
opportunities in the oral delivery of recombinant biologics[J].
Pharmaceutics, 2023, 15(5): 1415.

Koziolek M, Augustijns P, Berger C, et al. Challenges in
permeability assessment for oral drug product development[J].
Pharmaceutics, 2023, 15(10): 2397.

U. S. Food and Drug Administration, Center for Drug
Evaluation and Research. Waiver of in vivo bioavailability and
bioequivalence studies for immediate-release solid oral dosage
forms based on a biopharmaceutics classification system:
guidance for industry[R]. Rockville: U. S. Department of
Health and Human Services, 2017.

Luo Z, Liu Y, Zhao B, et al. Ex vivo and in situ approaches
used to study intestinal absorption[J]. J Pharmacol Toxicol
Methods, 2013, 68(2): 208-216.

Zhang Z, Lu Y, Qi J, et al. An update on oral drug delivery via
intestinal lymphatic transport[J]. Acta Pharm Sin B, 2021, 11
(8): 2449-2468.

Trevaskis N L, Kaminskas L M, Porter C J H. From sewer to
saviour — targeting the lymphatic system to promote drug
exposure and activity[J]. Nat Rev Drug Discov, 2015, 14(11):
781-803.

Trevaskis N L, Hu L, Caliph S M, et al. The mesenteric lymph
duct cannulated rat model: application to the assessment of
intestinal lymphatic drug transport[J]. J Vis Exp, 2015(97):
52389.

Banan B, Wei Y, Simo O, et al. Intestinal lymph collection via
cannulation of the mesenteric lymphatic duct in mice[J]. J Surg
Res, 2021, 260: 399-408.

Sjogren E, Abrahamsson B, Augustijns P, et al. In vivo
methods for drug absorption - comparative physiologies,
model selection, correlations with in vitro methods (IVIVC),

and applications for formulation/API/excipient characterization



324

| BELA

20264E 4 4B50% Al

[41]

[42]

[43]

[44]

[45]

[46]

[47]

including food effects[J]. Eur J Pharm Sci, 2014, 57: 99-151.
Xu Y, Shrestha N, Préat V, et al. An overview of in vitro, ex
vivo and in vivo models for studying the transport of drugs
across intestinal barriers[J]. Adv Drug Deliv Rev, 2021, 175:
113795.

Morgan S J, Elangbam C S, Berens S, et al. Use of animal
models of human disease for nonclinical safety assessment of
novel pharmaceuticals[J]. Toxicol Pathol,2013,41(3): 508-518.
Cao X, Gibbs S T, Fang L, et al. Why is it challenging to
predict intestinal drug absorption and oral bioavailability in
human using rat model[J]. Pharm Res, 2006, 23(8): 1675—
1686.

Stappaerts J, Brouwers J, Annaert P, et al. In situ perfusion in
rodents to explore intestinal drug absorption: challenges and
opportunities[J]. Int J Pharm, 2015, 478(2): 665-681.

Haller S, Schuler F, Lazic S E, et al. Expression profiles of
metabolic enzymes and drug transporters in the liver and along
the intestine of beagle dogs[J]. Drug Metab Dispos, 2012, 40
(8): 1603-1610.

Henze L J, Koehl N J, O’ Shea J P, et al. The pig as a
preclinical model for predicting oral bioavailability and in vivo
performance of pharmaceutical oral dosage forms: a PEARRL
review[J]. J Pharm Pharmacol, 2019, 71(4): 581-602.

Sinko P J, Leesman G D, Amidon G L. Mass balance
approaches for estimating the intestinal absorption and
theoretical

1993, 10(2):

metabolism and  analogues:

Pharm Res,

of  peptides

development and applications[J].
271-275.

FHNER A E S

[49]

[50]

[51]

[52]

[53]

[54]

EoR: WL, AN, TR
TRETE=EF(T. HEPEAZSAWHEFIT I RRSRIFEER (2015—20234F) .
SHESHE, IR SRR

=
ERASH

|FEEFR (2016—20224F)
=, EERELEEHT . QSR RFHEZEEP AR 5. HBE
Acta Pharm Sin B, Asian J Pharm Sci. Eur J Pharm Biopharm %3 [ENYNEZE SCIHITI4ZE

S R S Y SRR (S S B RS 2 R %??E”E(W 55525 RS AR 2ot TAZFE (Ui

Harloff-Helleberg S, Nielsen L H, Nielsen H M. Animal
models for evaluation of oral delivery of biopharmaceuticals
[J]. J Control Release, 2017, 268: 57-71.

Buckley S T, Bakdal T A, Vegge A, et al. Transcellular
stomach absorption of a derivatized glucagon-like peptide-1
receptor agonist[J]. Sci Transl Med, 2018, 10(467): eaar7047.
Aroda V R, Blonde L, Pratley R E. A new era for oral peptides:
SNAC and the development of oral semaglutide for the
treatment of type 2 diabetes[J]. Rev Endocr Metab Disord,
2022, 23(5): 979-994.

Tuvia S, Pelled D, Marom K, et al. A novel suspension
formulation enhances intestinal absorption of macromolecules
via transient and reversible transport mechanisms[J]. Pharm
Res, 2014, 31(8): 2010-2021.

Cheng L, Venkataraman S, Zhao L, et al. PO04 PN-943, an oral
a4p7 inhibits MAdJCAMI-mediated
proliferation and cytokine release from CD4" T cells
independent of trafficking[J]. J Crohn’s Colitis, 2020, 14
(Supplement_1): S131.

Johns D G, Campeau L C, Banka P, er al. Orally bioavailable
macrocyclic peptide that inhibits binding of PCSK9 to the low
148(2):

integrin  antagonist,

density lipoprotein receptor[J]. Circulation, 2023,
144-158.

de Leon-Tabaldo A, Strawn D, Chang L, et al. P626 JNJ-
77242113, an oral peptide selectively targeting the IL-23
receptor, demonstrates pharmacodynamic activity in rat and
human colon tissue explants following oral dosing[J]. J
Crohn’s Colitis, 2024, 18(Supplement_1): i1193.

EREIEE. 2Bl R E R TS
FE5; hEER
o AELTRET 2% TR

: R, FREERIRENINZIHE R 61 1, HIT (P RARIAEH L) ESRIR4ES T Hd 3 MO
FIE LT, 5MREZIR 3 MREEHTZG 55 0E AIGPRATMIERIFAR o Xi‘EWWr‘XFSZEﬂTU%Z%%ﬂUﬁUW%“ 5 [#E 12 000/%- ES
I M BIREMRIEE TH . R AR ETSREZT R PR "R TN, LA Rt P — R 1T, e RSP —
RATH, DR A SRR 4 10

RERE - MER



