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Preparation and Release Mechanism of Aspirin Inclusion
Micro-porous Osmotic Pump Tablets

NIE Qin', WU Jing-lan'**, LUO Kun-shun', XU Jian'>"*, ZHANG Yong-ping'**, FU Jian' """
(1. School of Pharmacy, Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China;
2. National Miao Medicine Engineering Technology Research Center, Guiyang 550025, China;
3. Guizhou Traditional Chinese Medicine Processing and Preparation Engineering Technology Research Center, Guiyang 550025, China)

[ Abstract] The Box-Behnken experimental design and response surface methodology were employed to optimize the preparation of the as-
pirin micro-porous osmotic pump tablets. The core of the tablet was prepared with aspirin and -CD inclusion, then osmotic pump tablets
were obtained by coating a layer of cellulose acetate containing PEG 4000 as porogenic agent. The in vitro release test shows that the aspirin
inclusion complex microporous osmotic pump tablets prepared by this process has a cumulative release rate of 1. 5% and 1. 6% within 0 ~2 h
in artificial gastric juice compared to commercially available aspirin enteric coated tablets. After adjusting the release medium to pH 6.8,
there is no significant difference in the cumulative drug release between the two formulations at 10 h. And the inclusion complex microporous
osmotic pump tablet shows zero order release and complete release within 12 h( cumulative release rate > 90% ), indicating the possibility of
reducing drug damage to the gastric mucosa.

[ Keywords| aspirin; microporous osmotic pump tablet; central composite design; release mechanism
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e EE A PR VEAREL S WAL B 3 R A i o MR L] 5 8 85

AN AR/ Bl 20 85 v BEAT D18 AR 1 R
AT Yo B R LR 3 AR A 55 4 B
FIVEAARIH 2 3208 B0 8 S5 E A |
JRE T, A BT UCOb GV i R 22 M AN R
SE TR S S R 23 i A KA TR AN LR, A M
FHEEARES s FLTiT 3 b B ) DC AR R R 45 B — | 6 DLy
i R o PRI, A R 5 T 1 45 25 R G LR AR
AN RN SRR A PR 4 8 7= a0, L A A
K2 ah B A,

BB ALE RS i M 2 ) R
TRETAL , AT/ i S S 24 R 8 2o g i 7 A ) 7
P BANZ HIAIE N B TR pH T e R
JE EATR R RN B 25 A R TR
SRS BT ] DT 18 i TE R R A R, B8 1R
RS E LEORES & il 5 BT w] PC A L S P AL
BB FRT R VCAAE B AR, SRy
AR RE 1O ML 259 L | A5 142 25238, DA T i v el
FIVCRRA= PRI HIEE DA A BB

1 SEIGERS

1.1 &8

TDP Hpp AL LS — R 25000 ) ; RC-6
BRRY LI (KRR TEL ) ) ; UV-5900 %
AMAT LAY RE T ( T HT A AR A PR 7] ) 5 (8 L
MEZLAMETEAY (5 Bruker Tensor 11) ;pH i1 ( #4¢
- ORI AL 2% LA BRA B ) 5 16 F1 8P A% (CF M
WAENERABRAT]) .
1.2 iRF

B W DCAR SR 25 (RS = AR YR A BRA #],
S =98.0% , It 5 20230524 ) ; bl &) VT AR i 15
(FEE B 2R A BRA W], 1 5 44 W FEBT "I DT R R
% 100 mg, L5 BJ75992) ; W4 24 (PEO, -1 4)
TR 2 x 10° u, BUM TR 4k TA BRA R 5 N ER
(L HEATAHRAA, T8 =99.5%, #it 5
1902101 ) ; B-FRMAHE [ B-cyclodextrin ( B-CD) , KT
SRR THFZEFT , 15 20170210 1 5 B R 2T 4 %
[ cellulose acetate (CA), MR b THIRAFA];
PEG 1500 .PEG 400 ( B4 W =B & 16 TAH R A
Al L4543 51 R 2019060 F1 20160802 ) ; PEG 4000
(K e B % Rk b 23k F) A BR o Al it S
20170710) ;a-FLAH ( KRBT R Z B A BR 2 A, 4t
720180425 ; kER R ( & 36.0% ~38.0% , it~
20200601 ) ; & FH L1 (& = = 96.0%, it =
20211108) (RN AR AL THEH A RAF) ; Bk —
I e S TR e <3 o i Sl E /A= B =
20190618) .

2 HEEHER

2.1 MEEHEEWRIH &

I09.45 g B-CD A FLER T, 2518 /K T & i
MR, B 1. 50 g Bl &) DT AR R B L 76 5 R T
TG TOK OB, 1% ARMPIRAY B-CD
YRS 20 min, fH 7801050, /D8 TJ0K OBV
B3 K, IFHE 60 °CF T4 2 h, il 45 A BT ] DT AR B-
CD HAY (VAR 1:1) 2 A EAIR,

2.2 MEEKREEWLIINLIERI

3B HL B-CD (Bl &) VC ARG A 4 | BT &) DT AR £ 7
LLANERE BT, G & 1 s, B 1 (c) 16 1 748
em ' Ak BH S T L BT D DCORR A S L0 T L S )
[ 1(h) B FE UGS I 40 2 BT &) DT AR 51 8% B-
CD A FTEL,
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Fig. 1 Infrared spectroscopic characterization of
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2.3 MAREHKESERFOH&E
2.3.1 A%

TR IFFRIUTT T 0 B =] VAR A &9 T o-
FUHE B G R S AL AN B SR PEO, 4% LL 9] 52
TRATE M 95% LB WAE REVE R, HER4,
AL, AR R 25 3 1 55 0 E N BE R A 25 i 5 51
PRI, T 40 CHET G, Bt 0, in AR g ik B¢
( Ay O 9 5+ B 1% ) A Ry T 0 5D o A R

ML . www. stae. com. cn



B e & 5 T R

86 Science Technology and Engineering

2025,25(1)

50 ~70 N (IR B2 3 [l nl bt o 7 oA s B4 ) 1Y
Fith,
2.3.2 &R%&

HUCA 1.50 g, fin Z PN R A1 TG 7K £ B (R R B
95:5)500 mL ¥, FMA CA FH & 25. 23% B9 %L
fL3) PEG , HiiFE 2= 58 2V, AR
2.3.3 3] EAROLSMHRILEER R

KA RALACHE , 76 0E R 30 ~ 35 °C W
) 0.7 mL/min 5% 40 r/min B4 T X
PATELAR AR K 2% . HIS7E S IR TN
B RCE 8 h, (L[ b, 485 F 40 C LA il E:
12 h, $ERRER B A HLEE ), RIAS B &) DE ARG & P
LBER R, ifRBiERERF AR ETEE 6,
ToAAZABLG:

2.4 ZISHAEENEMICHEE

Z: 2020 iz ¢ H 24 8y 58 D) 0512, BT ] DT AR
BRI K6 5Eh 276 nm , T 25 150 RHA W TE 276
nm 20 JLF- T, FRBAGRIX 25 %08 T80, SRH
UV 3300 5 B, BT ] DR R 24 1) BT MR B ¢ #E10 ~
100 pg/mL 5WYCEE D (LM R AT, Ar i il 26
FFEHR D =0.002¢ +0.233 5,r=0.999 6, k%A
RSD 4 0.3% fa et RSD M 0.48% , J5 k¢ % 5%
7l 2 0 5 K
2.5 MALHKEEHMILEERFEIMEHREN

Eik

K 2020 Ji b 245 80) 38 D) 0931 £ — ik
SEBT I VC AR A Wi FLIB 3B 28 R B R, (]
pH 6. 8 1] PBS 900 mL /£ MBI, 7 100 1/min |
37 CHMUFTRE, 29T 0.5.1.24.68.10.12 h
BFEURE 5 mL, I FH RO B 2t A 7 4 2 ) He v
B ] DT AR B, T RO
2.6 MALHEAYRIIESERFAMESENE

ik

10 F B El EMRGFLIB B2 R, FR e, Je 40 biF
i, RS AR W R A0 BT R DE ARG AL B B 2 4k
B 25 mL R, I pH 6. 8 Wik SN2 ik
PSR T E S, 1.0 mL JH pH 6. 8 B2 — &M
GERRR B R 2B FEAT A AE 276 nm A AR %
JCRE AR TN 3 Wk, H A S
2.7 BEEZREEARAEZXMNMACHKEEYE

ERABRANZM

e 1 M 2 FioR, B A IEAREL &Y FL B &
TR R A T 2% 5235 5 16 PE I A B 2R X 259
PR 2 ) MR, A AR Ak 7 2 2 LA 1 b 2
TR 2 X5) 245 W R 3 %) s M) LR A A I 1) T
R 2% AU EEFEHITE 60 °C

x1 WMELKEEYRLESERFNREELT
Table 1 Formulation composition of the cores of

aspirin inclusion micro-porous osmotic pump tablets

Viyi o-FLbE/ g NaCl/g PEO/g
F, 1.10 0.40 0.50
F, 1.10 0.40 0.40
Fy 1.10 0.40 0.30
F, 1.10 0.40 0.20
Fy 1.10 0.60 0.20
Fy 1.10 0.50 0.20
F, 1.10 0.30 0.20

x2 MALKEEUHMILEERFNERELT
Table 2 Formulation composition of the coating layer of

aspirin inclusion micro-porous osmotic pump tablets

A AL TT PEG 400/ % PEG 1500/% PEG 4000/ %
Fy — — 25
Fy — 25 —
Fio 25 — _
F — — 30
F, — — 20

2.7.1 BhEF PEO A EMBEHIT AN

WE 2 s, 24 PEO F &M 0.20 o [E K
WAL T7 R ¥y ) B, 25 W) R 0 R LA S 25 ) 1 SRR
HCH RN AF A LK, B B 5R PEO SN

0.20 g.
100r —a—F,(0.50 g)
—o—F,(0.40 g)
—4—F,(0.30 g)
80F o F,0.20¢)
4
S 6ol
M
B
&
= 4oF
B&
20}
0 3 4 6 8 ) 2
fisf [ /h

B2 Frts b Bl X 25 R 2 2 A9 520 (n = 6)
Fig. 2 Effect of suspending agent amount in the

tablet cores on drug release curves(n =6)

2.7.2 HEFNRAZABRHITAHGH A

WK 3 PR, HEAH RN 0. 60 g(FIE A
WAL T5 R Ky ) I, R HE AR 8 ELRE AT D 85k 3
B RS AR 0. 60 g
2.7.3  FILAA KRBT AW R

P 4 F7R , H3ALH R PEG 4000 BB #E S
(178 Rt b Tk by ) BORERA T A BAR. R o
HAZ SR PEG 4000 A EFLF
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00r  E040g) 2.8 MEaLHEBEWEERFHIZESIZENMS
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Fig. 3 Effect of amount of osmotic agent sodium

chloride in the tablet cores on drug release curves(n =6)

100F o F (PEG4000)

—e—F,(PEG1500)

g0 —A—Fu(PEG400)

20

i f)/h

K4 AA)Z PEELRI R 25 PR 25 IR A2 (n = 6)
Fig. 4 Effect of pore-foaming agent type in the

coating layer on drug release curves(n =6)

2.7.4 HILA A ZABHITHG A
WKl 5 fizs, 4 PEG 4000 &N 25% i ([E &
FOtAb TR ¥y 25T R R4S O AR

fEr PEG 4000 FH &4 25% |

100
—a—F(25%)
—e—F,,(30%)
80| —A—F,5(20%)

BRI/ %

A [H)/h

K5 AA)2 T BCLR AR B2 2R B2 (n = 6)
Fig. 5 Effect of pore-foaming agent amount in the

coating layer on drug release curves(n =6)

IR PR R BRI a2 45 R R Bl R DC AR A
YITALIB 5 5 B AR AL R ot B A A AL T 43 331k
Fs H1Fg 2 B0 7 Bl = DT ARJEOREZY 1. 50 ¢ B-RMRG
9.45 ¢ o-FLWE 1.10 g SALE K 0.60 g, PEO K
0.20 g; BB TR B AT TC K B (PRFH L 95
5)500 mL,CA 1.50 g, BENRRREE N Fits &Y 1% ,
PEG 4000 | & K 25% ; f &K ¥4 & 2% , 0L K I &
60 C MRIEIZ T W B BER R 3 4, RSN
L 6 iR,

100

—=— 1t
—e— 524l
| —A— 5834

BRI %

it [R)/h

Ko 3 HttibiBra]iike &Y e E
RABIRZMZ (n =6)
Fig. 6  Drug release profiles for three batches of the optimal

aspirin inclusion micro-porous osmotic pump tablets(n =6)

29 MARKEBEMHMILSERFBABLN

Ba

HRHE 2020 bz € H [ 25 3) 55 96 9013 &0,
XFARAAL T7 (0 44 A0 BT % (Q) B s FH Higuchi J7
e — B R B RO R4 B AT LA,
SRR 3 Fian, Al UL, AR 30T il 45 Y B ] DR
AL A PITFLIB 5 3 A7 G 24 56 T 28 45 B 41 771
HIRLAE .

%3 OMNEHBENMNSER

Table 3 Fitting results of in vitro release data

Ei1RV LA A PIA T r
Higuchi 77 % 0=0.3859:"%+0.2528 0.9710
B —RORE Q=-0.2805:+0.1397 0.991 1
BRI (0=0.0873: +0.0936  0.924 7
Higuchi J7 & 0=0.366 912 +0.2320 0.9725
ot YRR Q=-0.24+0.100 7 0.991 8
BRI 0 =0.083:+0.097 3 0.926 4
Higuchi J5 & 0=0.370 3t +0.2658 0.9876
B3t RO Q=-0.2506:+0.2164  0.993 6
TR (0=0.0851¢+0.059 5 0.9555

TE:Q NN 0 NI,
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2.10 MAEEHEEWEERFNH&EIZML
2.10.1 2 E&itkit

i B R g AL T (X,) (PEO
I (X,) \PEG 4000 F & ( X,) /20 B2 m B 2517
HE 3 AR OE H AR SIS EN X, 8 0.4 ~
0.8 g.X,70.1~0.3 g FlX,H 20% ~30% , 1
R AR, LIBT R PEARAL & WAL B B A 7 1E 4
8 .12 h B 1 R BB (Q, . Qs F1 Q) AN $5
b, R R Btk — 2B A 5

Fz4 b EELEIEITFKE

Table 4 Factors and levels of central composite design

F6 QORI EE R ZTHNE TR T E S
Table 6 Variance analysis of quadratic fitting

equation of Q, response surface

K

SE S
-1.732 -1 0 1 1.732

X,\/g 0.40 0.484 5 0.60 0.7155 0.80
X,/g 0.10 0.1423 0.20 0.25717 0.30
X3/ % 20.00 21.113 2 25.00 27.886 8 30.00

JrERE EHM AmE ¥ F P
s 1307.55 9 145.28 4.94 0.010 0
X, 163.09 1 163.09 5.54 0.040 3
X, 3.58 1 3.58 0.12 0.734 4
X, 1.46 1 1.46 0.049  0.8284
X, X, 78.69 1 78.69 2.68 0.1330
X, X, 199. 88 1 199. 88 6.80 0.026 2
XX, 65.88 1 65.88 2.24 0.165 4
X2 16.27 1 16.27 0.55 0.474 2
X2 36.75 1 36.75 1.25 0.289 8
X3 742.21 1 742.21 25.23 0.000 5
5k2% 294.14 10 29.41
e 4D 281. 14 5 56.23 21.63 0.002 1
aliiR % 13.00 5 2.60

BiR#Z 1601.69 19

R*=0.8165, R}, =0.651 1

2.10.2 25T R
BRI AT R AR S Pk,

x5 ZWEITMER
Table 5 Experimental design and results

RT QU HEH R ETHAGH RN FTESNT
Table 7 Variance analysis of quadratic fitting
equation of Q, response surface

SEN EiEEAN

v
Jo

>

o

X,/ X% Q% Qg% Q%

1 0.72 0.14 21.11 67.63 90.93 96.6
2 0.48 0.14 27.89 39.56 71.45 97.36
3 0.60 0.20 30.00 71.75 89.54 99.04
4 0.60 0.20 25.00 46.19 81.89 94.03
5 0.60 0.20 25.00 45.79 69.70 97.60
6 0.48 0.14 21.11 45.94 65.07 99.67
7 0.72 0.26 21.11 57.59 90.23 97.18
8 0.60 0.20 25.00 42.55 76.44 97.55
9 0.80 0.20 25.00 41.78 77.89 94.56
10 0.60 0.30 25.00 39.54 60. 84 94.91
11 0.40 0.20 25.00 38.69 73.18 97.72
12 0.60 0.20 25.00 44.53 75.33 92.33
13 0.72 0.14 27.89 49.51 79.59 98.91
14 0.60 0.10 25.00 37.88 55.63 71.58
15 0.60 0.20 25.00 43.21 75.99 98.44
16 0.48 0.26 27.89 53.24 76.54 96.56
17 0.60 0.20 20.00 48.88 90. 86 98. 66
18 0.48 0.26 21.11 41.08 75.84 98. 64
19 0.60 0.20 25.00 42.55 76.44 97.55
20 0.72 0.26 27.89 43.28 74.45 94.88

FERIE FHM BAHE 7 F p
sl 1 562.46 9 173.61 14.76 0.000 1
X, 234.13 1 234.13 19.90 0.001 2
X, 31.72 1 31.71 2.70 0.131 6
X, 75.98 1 75.98 6.46 0.029 3
XX, 54.08 1 54.08 4.60 0.057 6
X, X, 155.94 1 155.94 13.26 0.004 5
X, X, 14.85 1 14.85 1.26 0.287 5
X2 0.24 1 0.24 0.021 0.8885
X3 507.30 1 507.30 43.12  <0.000 1
X2 488.07 1 488.07 41.49  <0.000 1
B2 117.64 10 11.76
JAUIT 51.38 5 10.28 0.78 0.606 6
aliiR 2= 66.26 5 13.25

BIRZE 1680.10 19

R*=0.9300, R}, =0.867 0

xR8 Q,MEHMEMN RETHNGHAENTESH
Table 8 Variance analysis of quadratic fitting

equation of Q,, response surface

2.10.3 BEA S

i Design-ExpertV8. 0 #4443 Fr &b BLE 4 | 75
ZRETHG N B LG B SRS R IR 2 T4
AR T 22500, 3k 6 ~ 3 8 PR, i 45
EXTIP 46 b 1 = 400 T, 25 R K 7 ~ B 12
B

JrERE EHEM AmE 7 F P
s 402. 66 9 44.74 1.60 0.236 0
X, 7.97 1 7.97 0.29 0.604 8
X, 87.89 1 87.89 3.15 0.106 3
X, 6.68 1 6.68 0.24 0.6352
X, X, 0.33 1 0.33 0.012  0.9158
X, X, 2.22 1 2.22 0.080 0.7837
XX, 0.050 1 0.050 1.801  0.967 0
X2 9.05 1 9.05 0.32 0.581 6
X2 200.16 1 200. 16 7.17 0.023 2
X3 248.72 1 69.07 2.48 0.146 7
5k2% 279.02 10 27.90
J AU 248.72 5 49.74 8.21 0.018 7
afi it 2% 30.29 5 6.06

iR 681.68 19

R*=0.590 7, R}, =0.2223
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K7 AR AARS Q55 KR &l
Fig. 7 3D Response surface plots showing relationship

between (), and the independent variables

A BT Rk R X, (R
HH0.65 g [NE X, (PEO) R 0.16 g HE X,
(PEG 4000) FH:4 25.23% . Tl Aot i fefE T2
AbT5 Sy B W) DC AR JEURE 2 B 150 g, B-FR M A
9.45 g a-FLHE 1. 10 g EAL4N 0. 65 g PEO 0. 16 g;
LA Fe FELEL A < IR RN TE K T (PR B L 95:
5)500 mL,CA 1.50 g,PEG 4000 i JHH K CA &
[ 25. 23% s FATRE 60 C ;AR E 2% . ML

27.89

26.19

24.50

PEG4000/%

22.81

0.20
PEO/g

(a)PEOFIPEG4000

0.66

0.14 0.17 0.20 0.23 0.26
PEO/g

(b)NaCIFIPEO

26.19 27.89

EIRE 22381 24.50
PEG4000/%
(¢)PEG4000FINaCI

K8 A AZRES QKRRMEFRHLR

Fig. 8 Contour lines plots showing relationship

between (), and the independent variables

A Ab T il 4% 3 HEBT F] VC ARG & W LB B AR, b AT
PLF 5,
2.11  ESMERLE B7E R A E IR I

U BT R IC AR S LB B R R S5l
EBTRIVC M I R 45 6 R, M IR 2020 fR ¢ H 1 24
M) 0931 575 3k 430 I B W 1 AR AL
Jr i RO

Brabin 6.2 g EALAN 2.2 g, —IKEARES 0.3 g,
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B9 ARAZE QR RHYBNLMIE]

Fig. 9 3D Response surface plots showing relationship
between ()5 and the independent variables

WRIR SN 1.2 g W T2818K 2 Lrp JH 0.1 mol/L £
PRI % pH 3. 0, il % B FAR BTA IR 500 mL VEA B
i, 737 C J%EE 100 t/min F950E FIRE, 76 2 h i
USR5 R AR S BN 37 “CHY 0. 2 mol/L
FRENIAI 200 mL,TR2), 1 2.0 mol/ L SUEALANIA
% pH 6. 8, KL ik, /35T 4 .8.10 12 h BFHUHE
5 mL, FL A BT MR HEA T AN A LR, 2R
B 13, T B el =] DA 5 R R =] DAL & 4

27.89

26.19

PEG4000/%
o]
b
i
(=}

22.81

21.11

0.14 0.17 0.20 0.23 0.26
PEO/g
(a)PEOFIPEG4000

PEO/g

0.48 0.54 0.60 0.66 0.72
NaCl/g

(b)NaCIFIPEO
27.89

26.19

24.50

PEG4000/%

22.81

21.11 -
0.48 0.54 0.60 0.66 0.72

(c)PEG4000FTNaCl

K10 AR AZRES QKRR
Fig. 10 Contour lines plots showing relationship

between ()5 and the independent variables

LBBHERATENTHH 0 ~2 h N EBBCR N
1.6% M1 1. 5% , ¥R R ZE pH 6.8 J5 , Sl Ef]
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Fig. 13 Gastrointestinal release curves of the
commercial aspirin enteric-coated tablets and

aspirin inclusion micro-porous osmotic pump tablets(n =6)
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