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Figure 1 Schematic illustration of preparation of protein oral drug delivery system and simulation in the

gastrointestinal tract
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1.1 XA 5
%G 0 S AL B8 (Glucose Oxidase, B UG % 8 340U1/mg) . N-(3-2 £ 79 ) B 3L 79 B B8R 5 (N-(3-
Aminopropyl) methacrylamide hydrochloride), — H } W % B £ — B fi§ ( Ethyleneglycol
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dimethacrylate) . BAR i & Ak & i ( Horseradish peroxidase, fiff 1 ¥4 5 =200U1/mg) ., Wy B K HE: 75 BUE 4=
TEBHE A BR 2N A s N M Bk (Acrylamide) \B-D # 4 (3-D-Glucose) , W [ L BT h7 T 4= AL B i 10y 4 FR
8T 5 33 B BR % (Ammonium persulphate) (JUH 3£ 2 (N N ,N’, N'-Tetramethylethylenediamine) ,
W B Sigma IF) 2 &) ; R H 2748 £ (Hydroxypropyl methylcellulose) , i) H Wi R BB 25\ B R A F ;T
ZMRIT (Succinic anhydride) , W [ b BT R T A AL BHE B A BR A 7] 5 LR ETF (Acetic anhydride) (7K £ R
(Acetic acid) \Jo/K CTREN W H KT Je i AL T AT PR W o AR FFER UGB Y 25 it 5 12050) X O 23 A 4l 931
Fie B2 o Ul BT

HARIR Y2 R T 48 Pl (SCIENTZ-12N AL, ofv & 7 3 87 22 A W) BHECA BRI D 5 WM B w38 i A
(A00MHz B, 78 [ £fi & 5e B H A7 BR 2 5] 5 8 Bk A2 5 21 A0l % (1810 A9, v [5 28 30 R R B A IR &
Al s KKLEE N Zeta HUAZAL (Nano ZS #9, 3¢ [ By /R SCACAR A FR 2 1)) 5 5240 7T W23 566 BE 1 (A360 AL,
T i AR A R A R s 2 T AR bR A (ELx800, 3¢ [ 1 5 [ #8 A R A "D S R £ B B
(FV1200, AIRA+, H A JE FEALAR A BRA FD
1.2 BBARENEGHRRI
1.2.1 &AL B YRR H & B 10meg GOD BT ImL ZMB/K. BE GOD Wl ., £ 1K
B i 35 90 PP AR U A B IR APML AAM 1A= 1) AT fiff S22 15657 EGDMA L 8 #F J5 InA 51 % 7910 3t B R
(APS) R AL 1Y H 2 2 i (TEMED) 78 4°C 24 T #EE RO 2h, N 45 RS 7E 20mmol /L i #E iR
G2 P R B AT 240, BIARAS ) A0 AL RN K T3 (n(GOD))

1 HENRMEERSBIER L

Table 1 The material ratio of each component in the preparation of nanocapsules

i 5 GOD APM AAM EGDMA APS TEMED
JEE IR L 1 500 5500 100 600 600

1.2.2 WAE AR B HPMCAS Wil 4 78 = HBER R im A 10g HPMC # 50mL K 412 ,70°C T
PPt Th 247 58 20 . IAE & SRR . T R M TSk SRR 4h, FHil % 85°C e i 3h. [ W 45 o J5
15mL 238 F 7K Al 2mL W 3R R 2 1k S I o 8 S 10 A ok i A9 25 25 oK R oOf B kL 1S B A R
g R A B TOKUER E pH KT 5. 0. T4 J5 BRI S0k £ 15 3] HPMCAS # K .
1.2.3 WiERERNSIRS K AOR B E T UR T AL 24h, T 0 J5 BB 50K K . 3585 7 i 48 P9 B 0. 5¢
HPMCAS ¥y K% T 10mL L8/ AT IR AEF R 1 DL EE A 5 Y0 AW 5 e 2 A7 A1 4 L B
B dE it 5 HPMCAS-Caps-n(GOD) , ¥ R AU & Y i 210 M Capsn(GOD) ,
1.3 FERESUBAKMENRI

B RBARE 150pL BHT G GOD K& n(GOD) A B LA, SR FH 3O Rz BE A% 40 K Bl 28 %) s 42 F
A3 5 FHAS WA 23 S HL 500 L BHTJE 9 GOD Fl n(GOD) I ARE S s w4 A BB, SR FHI0OGRE BE A R
YA KA 1 E A R AT 5 ] = P S R e L SR RN & DU 2 TR A I 28 v T CT AE 28 b 0 i 1
1330 0. 7 %6 M SRR, INFAE B RIS B W] M R A S L AE A HL VKRS P 28 BB R RS BE 11, 43 i L GOD
I n(GODYFEfh 20pL 5 Apl BB GBS G M A BB AL, ZE B R 120V LA 400mA 54 T
FL UK 15min, AR 58 20 40 BT S0 & 0k 1 78 55 98 K 03 BT Ak 1 455 o
1.4 HPMCAS Z&#R1E

KT L I 20 A0 56 3% AR Y 5 56 B 30 XF HPMCAS H5 A RE & 25 47 I3, BROE 58083 oR AF 5 5 98 Ak 40
(KBr) LA 1 ¢ 100 Y T 3 Lo 1R & J5 s R #6477 2080 20 B, A H B 4000 ~350em ', 34 32 k., #%
HPMCAS ¥y A FE 5 T8 5 7 T A% = W 3 F A (DMSO-d, ) o 3R TR R4 R 4% I 8 A FE 25 05 T 0 5 A A i
Wi 2R A
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kT BRI i A S A T TR B i N K A A 4 i) 2 T U T e R A A A S E D P
BN AR ALK 5 5B T N T EH W5, 2h S5 0088 4 14 75 i 195 1

2h JEBOE B 7 TR RRLE oh i, AR A A0 T 0 T 2 7 JOR 338 kT S 08 A0 R AN T - B
A I T 7 fle P R VS AL R 4 W VR L RO o AR L U VA VR TR 5T, 30°C TR IR S, T A 4 B AR Tk 7 VTR
0. 1mL, 7EW K 460nm 4bS7 B4, 3min J& BRI EEEL, IR W FE 25 10 /E AA K T 15 24 1 748 W S il 78
M2 2% Wi b (pH="7) I TEPE X, 180 100 Y6, AR 2 20 (1) 11553 26 A e it AFDGE 306 12 I 30047 E 3R

Enzyme activity(%) = ngn;ple X 100% ZAQZ:W X 100% (D

K X e TERFLZE AL GOD 3 n(GOD) IG M5 X, 1R Ui 25 25 4 40 b AL 78 T 85 IR 22 v i b 1Y
T AA e FRESLR A GOD 3K n(GOD) 1 B J& W BE I 2508 s AA 1R 3 7 25 75 ) 40 b S AL Vs T
T T 2 YA v S 1 R S WY R ) 251
1.6 MBBAREEREPHOBEHREESFEMNK

N T ERF G BE T AE W B . BT i FITC 28GR0 I 90 K I8 0 R 112 T I v e g v
BFNTHE (pH=6. 8) H ™, L i V4 Jie 4% 1) ¥ 1 175 1 I 4 B — B I TRT B 100 L 59 B T 96 FLAR
rf, JF b 78 A B AR TE A TR AR BRSNS L 7E 485~ 518nm A JH B AR S0 <2 5% 56 58 i L i 5 i A S B 2 it

H TR T A B P SRR e BUE R K M B TR R, BT AN TR
(pH=6. 8) , FEY R VE 5 - 7 0~16h Z[A1RERA 2h B 150 L 35 WM A BCiE 0L, SR SO R B2 AUk
KT EE B kL AR AT IR

Shy IS 290 A A 2 T A 2 S A TR P R G M R L BBGE B n (GODD MY KV T & A R LAY A
T AW VR A 52 56 AV W, AR TR B i 1 GOD W T & R AR (1B AN T b VR St BRI . 78 0.4,
8.12.16h WA 1. 5 %9 i J7 bk il 28 (1 0% M 0T kAT L3,

1.7 SR MEEASNX

T A K Bl 9 3 ok S i T R R 4 A B B R 2 K /N R AN R B, AT 2 5 1A A 3R
T J 3 BT R L ANOK O S R B R L B A Y DE AR A DA A B B A0 A 2 TR AN A
KB N E Y ORGSR EENEA.

R CCK-8 W afF A7 20 i 45 1 52 56, 6 BN 25 1 W B 9 40 B ( Caco-2 41 ) SR A 4L A4/ I Bz 4
RS L AT 20 A A R 2 A RS L 8 Caco-2 MO AR T 96 FLACTT . A2 WA AL 1.5 X107 7.3, 0X
10 °.1.5X10 ".3.0X10 ",1.5X10 “mol/L MR MAEIL 6 41, 414 6 NFL. BFLL 510" -4,
A 200pL $555 86, 37°C 5% CO, Br 324 Tl 15, 43 5l 46 oy 3 A5 AS [R) 49 K R0 208 ok 32 1) % 77 0k, Ak S 8 5%
72h, W EASLNEEFREL, AL A 100pL W BE R 102019 CCK-8 H5R ALA K, LA CO, H5 46 F 1h,
FH 22 T Re AR ARG 0 45 FL VA TR FE 450nm A0 FA WG BB L 440 4% 40 400 A 7705 2R

R 6 UE 40 K R RE TS B/ W b B AR LB B K Caco-2 20 L 36 R T4l A 20 M TE F i S FL AR R L L 24
10° A4, BALINA FITC Aric B 90K i , i Ok 2 ) 1mg/mL, 7€ 37°C T E 4h. W H 45 )5 bk
X HEFRIHEE H PBS G2 vhifls Ve IR 2 4h M TE i 9 oK e . B AL A 10pg/mL DAPI 344 5min, PBS
ZB PP VT S B VR K B R . SR R AR AR .

2 #R53®

2.1 HEHESUBAKMENRILE
YK R A P L B AAM FI APM W B FE BSA F i 7651 &7 APSTEHI N A4 A RS
SN 38 3 EGDMA B8 BAE FH7E BSA R IE AR FEJZ . R R EGDMA AN T PB 2% i, hyait
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TR R R A BT, RN 3ok 2 v N 38 43 R E R 35 1 AR &R 4 B, O A A°C B HE & T AT AAMLAPM J¢
EGDMA 25 RE % 15 5] b /3 A5 75 BSA JE L LIS 3 R ~F 21— (10 98 K i

Bl 2(a) & GOD K 9K T e 6L 205 Lo KR BE T Zeta HL AN A B (R AR . 5 A 7 5 1R 2%
W B GOD KR TE 6 ~20nm [l N . 25 QK R i A 285 R I 1 2 10~70nm Z 0], [ 2(b) /&
GOD K n(GOD) Z Y KA BE T Zeta HLALACIR A5 3 (1) B3 47 - GOD 76 B 82 2% vh % i v ok bk 72 &8
YK i A A AL 1, LR TR P B R A W 5T )2 T AL R R AR R e O O B e b L X R
H T APM B i NH, 76 5 52 2% v b 501 A B0 PR ML 7 o ofF 75 Gl 38 2 1T Wb /s 0559 1) 1E r

Bl 2(c) 2 GOD Kl 40 K G 40 28 /5 B i 0 8 0 s Uk K 25 SR . GOD 78 TAE 22 vh il h 3R T 2 7
FL P I B B W O 32547 FEL VK B 2 B T IR L O 1) IE AR S 81, GOD 78 £ 9 K S 2 A0 2k 5, I 3% 1 f el
PR A W5 2 I A 3 BR E, R APM IE F M SR 9 A 23 b R — 38 43 7 R g 8 45 A 1Y R D
55, A B0 W B I R AT R U A S U B AE L IR LD R S i RS Bl 4 A AR R K B
TN R e P, K 1 45 TR L TE W GOD W B 40, 288 78 48 K T e 3

a 5 b
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Figure 2 a. The size distribution of GOD and n(GOD); b. The potential distribution of GOD and n(GOD) ;
c. The agarose gel electrophoresis of GOD and n(GOD)

2.2 HPMCAS W& RIE

HPMC 5 F55 1A K0 6 Mo 72 36, 38 i & W2 IF R T 2 I 4 LR 16 45 3] HPMCAS, g 1k 52
K 3¢ frw . Kl 3(b)Jj& HPMC 5 HPMCAS JURL7E 4000~400em ' I £ [l 9 1) £ 41 6k 1A L 3
X L B AN T LU, HPMCAS 76 1739cem b Ab W 30 7 AR 38 04 0% i i, 1) i T 158 56 R R 2L 1
WHL(C = OV HR 816 ;1057em ' Ab A WU I J& TR 36 AN AR JE 11 C—O i 4 1k sl g, 3 19 A 16 15
HPMCAS Wi fEfEBEFE . Bb4h, HPMCAS FUkL iy F A el e 5 HPMC 2800, A & A BH 8 9 407 & ol o
Ak 0 B % SN R B HPMC B e b2 3 A

&l 3(c)h HPMC 5 HPMCAS ki i) #% G 2 4k Z 3 18 . 2. S5ppm 40 DMSO-d, ¥ 1 I, a Ab 55

10. 14028/j. cnki. 1003-3726. 2022. 05. 008



.« 72 . = i T i 1 2022 4F 5 H

PRAECHE 1 R L S0 0, b A Ry 35 DA 4R TR AL S 17 R 3 50100 06, HPMICASS UKL FE a A 1) 05 53 s A B AIC L
TE b Ak B L B HPMC M RN A SR I & AR T IR AL S 5 ¢ Ab S T 1k 35 1 37 HH 36 0 2 T 2 1)
A S I 5 d A Ry PR AR I T SR S0 I K I 5 e b S 7 PR BRI 06 5 f IR IE A I i TR EAE T
TR S AR SRR T R S R LB R R s AU 1 DMSO-d, 1 g v 7 I HL IR AT O AR S T4 e T
ux SEBILIE M AFAE B T HPMCAS & AT B iy i R 5k . 25 B iR il 25 & 20 A0 Ol 5 it &

WA LUBA E A B0 0 B AR HPMCAS, AR 48 06 1 AR LA SR T e 6 i B B 6. 8 %6, 2Tk
%Wﬂiﬁ 13.6%.,

ORy o /
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b c {
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@ i
& Y
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K3 a. HPMCAS B8 MR L K AR =45 5b. HPMC 5 HPMCAS UL 9 21 5h % 4]
c. HPMC 5 HPMCAS ik i) #% ik S0 14
Figure 3 a. The reaction scheme and chem structure of HPMCAS; b. The FTIR spectra of HPMC and
HPMCAS particles; c¢. The ' H-NMR spectra of HPMC and HPMCAS particles

2.3 BEARKEEBERPABBERLREQFEENL

w24 BRI B VS LA B TE B R 2h IR R BDRTE AR . B 4 () S RAAK I i 7 1 Wb
(V5 M BE R BT AR 3, S B 2h 5 IR BE L T R . T 4(b) S i I R NI B W S A 2h
SRR . TR H R 2h 5 B AR L A6 T 2 U R E AR o L A R T AT DU BR B R A
BT PE R

Xof ] A S AL R T R P A S M AT ARG L R A R b AR Tk A i 8- D A A AR Rl AR A
T AR Ak AR AR Ao L0 Wl T A &I 0K 1 A e ke A AR 8 R, 28 AR AT LG TR OB AE 460nm Ak IR Y B
SIH . 2 R A T T R R WO R R R, FLE M 5 U % B RS i d BLGE AH G B GOD,
n(GOD) ,Caps-n(GOD) 2 HPMCAS-Caps-n(GOD) 43 4 & F AN T. B W o, 78 Oh 1 2h F FH BAR 1 & 1k
W 43 00 B RS EEAT X . Wi 4 (o) TR . GOD . n(GOD) il Caps-n(GOD) N GOD % T 1§
W 2h J5 SE A SR IE U A R T R B B % T [ B B T R 4 K A A X 3 e X AR 1 O G
TRAPPERT . i3 AE B s 3% T 19 GOD 7E B W 52 52 M 388/, AT B 48 8 K06 M, 33 150 W i ¥ A A T L
R0k RN AR 2 W 0 SRR R DT DR R 1 S 24 IR 5 e R
2.4 BEAREEDRPNERRESFENK

Hh [ 24 LR L I VA AR AT RHE I VT T B AE Th YR . WL 5 () TR L 20min B A IS B 52
RV AT G T 25 BN T AR AR . BB RS AN ORISR T R A L AN 5 (b) TR L 2h IR
BEATRAY BT RHCR AT F] 61. 7 %0 . Hag PR B RE J1 . 78 6h BEHCR Al ik 5] 85 %6 LA I+, H e & B OR
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Figure 4 a. Dissolution of uncoated capsules in gastric juice; b. Dissolution of enteric-coated capsules in gastric juice;

c. Activity of GOD, n(GOD), Caps-n(GOD)and HPMCAS-Caps-n(GOD) in gastric juice
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Figure 5 a. Dissolution of enteric-coated capsules in intestinal juice; b. Release curve of enteric-coated capsules in

intestinal juice; c. Size of nanocapsules in intestinal juice; d. Activity of GOD and n(GOD) in intestinal juice
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i 15 Foe % it I o A BB T BT A 0 K R 9 Sh JE ARV T R VS RAE /NI A ST Y45 BRI (Rl 3~ 4k,
KA E] ShUY PRI, 9 oK e 45 4 7 BEAE 16h AR R Fa . A BE A SR B R L 28 2 W s e
Bl 5 o) oK GRE A N T W oA B U, AR T3 7 T I 160 19, OB AR AR O R A8, 15 BH 44
KAFEAE AW 16h WL MR .
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b. Fluorescence confocal observation of Caco-2 cells and FITC-labeled nanocapsules after incubation for 4h
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Design and Stability of Oral Protein Drugs

ZHANG Han, YUAN Xu-bo"~
(School of Materials Science and Engineering , Tianjin University , Tianjin 300350,China)

Abstract: Oral administration has the advantages of convenience, safety. and strong patient dependence which is an
ideal route of administration. However, protein drugs are easily degraded by gastric acid and protease during oral
administration resulting in low bioavailability. In this paper, a drug carrier was designed for oral administration of protein
drugs, which solved the problem that protein drugs were easily inactivated in the gastrointestinal tract. Glucose oxidase
nanocapsules were prepared by in-situ free radical polymerization on the surface of the protein using glucose oxidase as a
protein drug model, and the nanocapsules were grounded into powder and encapsulated in the capsul after dried at low
temperature. Hypromellose was used as a raw material to prepare hypromellose acetate succinate, which was used as an
enteric coating material to coat the above-mentioned capsules to obtain enteric capsules. By simulating the environment in
the gastrointestinal tract, in vitro release experiments and activity tests were performed. The results showed that the
enteric-coated capsule did not dissolve within 2h under the environment of gastric juice, and the glucose oxidase in the
capsule maintained high activity. Under the environment of intestinal juice, the enteric-coated capsule was dissolved and the
activity of the glucose oxidase encapsulated by the nanocapsules was significantly higher than that of free glucose oxidase.
The above experimental results proved that the drug-carrying system could solve the problem that oral protein drugs were
easily decomposed by gastric acid and protease in the gastrointestinal tract and became inactivated.

Key words: Protein drugs; Oral administration; Nanocapsules; Hypromellose succinate; Protein activity
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