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Formulation optimization of synchronous release of Neiyixiao Compound
Sustained-release Dropping Pills and investigation on its releasing mechanism
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Abstract: Objective To optimize the formulation of Neiyixiao Compound Sustained-release Dropping Pills which could release
active compositions at synchronic rate and to investigate its releasing mechanism. Methods The Doehlert design and response surface
method were used to optimize the formulation. Four independent variables, the ratio of drug and matrix (Xj), the content of
ethylcellulose (X5), PEG 6000 (.X3), and stearic acid in matrix (X;) were investigated. The “interval of released amount” was established
as response. DDsolver software was used to fit releasing models. Results The optimal formulation was as following: the ratio of drug
and matrix was 1 : 12, the content of ethylcellulose, PEG 6000, and stearic acid in matrix were 12%, 30%, and 20%, respectively.
Under the simulated gastrointestinal pH conditions, the values of similarity factor (") of ferulic acid and ligustrazine, ferulic acid and
tetrahydropalmatine, and ligustrazine and tetrahydropalmatine were 53.37, 56.17, and 57.85, respectively. The release profile of ferulic
acid complied with first-order kinetics and Higuchi equations, and those of ligustrazine and tetrahydropalmatine were in accordance
with Baker-Lonsdale and Ritger-Peppas equations. Conclusion The optimal formulation of compound sustained-release dropping
pills makes it possible that each component could get to sustained-release synchronously. The release mechanism is diffusion.
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Fig. 1 HPLC chromatograms of blank dropping pills (A), mixed reference substances (B), and sample solution (C)
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PEYE 23594 1.000~100.0. 0.800~80.0. 0.400~
40.0 pg/mL, [AIHTTFES 50 Y=10.147 X+1.500 4
(r=1.0000). Y=23.035X—4.2584 (r=0.999 9).
Y=9.903 4 X+0.6652 (+=0.999 9).
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- 888 - ¢ %% Chinese Traditional and Herbal Drugs 25 43% 25 53] 201245 5
1 Doehlert iZit3ERF K& MELER
Table 1 Doehlert design matrix and measured results
SEYY SR DR
e 5 : f
2t EC /% PEG 6000 / % SA/ % Bl B NEeE GEROE

1 1:10(0) 10 (0) 40 (0) 30 (0) —0.004 3 —0.164 3 0.0128

2 1:6(1) 10 (0) 40 (0) 30 (0) 0.006 0 —0.136 4 0.008 6

3 1:8(0.5) 20 (0.866) 40 (0) 30 (0) 0.0139 —0.011 8 —0.038 5

4 1:8(0.5) 13.34 (0.289) 50 (0.817) 30 (0) 0.000 8 -0.1301 —0.004 3

5 1:8(0.5) 13.34 (0.289) 42.50.204) 40 (0.791) —0.154 4 -0.6134 —0.0821

6 1:14(-1) 10 (0) 40 (0) 30 (0) 0.0292 -0.1150 0.0159

7 1:12(-0.5) 0 (—0.866) 40 (0) 30 (0) —0.018 8 —0.324 0 —0.088 4

8 1:12(-0.5) 6.66 (—0.289) 30 (-0.817) 30 (0) —0.0362 —0.092 7 0.026 9

9 1:12(-0.5) 6.66 (—0.289) 37.50 (—0.204) 20 (-0.791) 0.029 8 —0.124 4 0.0239
10 1:8(0.5) 0 (—0.866) 40 (0) 30 (0) —0.002 8 -0.1779 0.014 1
11 1:8(0.5) 6.66 (—0.289) 30 (—0.817) 30 (0) 0.028 4 —0.089 4 0.0250
12 1:8(0.5) 6.66 (—0.289) 37.50 (—0.204) 20 (-0.791) 0.0199 -0.2057 —0.026 3
13 1:12(-0.5) 20 (0.866) 40 (0) 30 (0) 0.0300 —0.1380 —0.008 0
14 1:10(0) 16.66 (0.577) 30 (-0.817) 30 (0) 0.009 3 -0.217 5 —0.024 9
15 1:10(0) 16.66 (0.577) 37.50 (—0.204) 20 (-0.791)  —0.088 2 —0.431 4 -0.0156
16 1:12(-0.5) 13.34 (0.289) 50 (0.817) 30 (0) —0.169 0 —0.696 7 —0.067 8
17 1:10(0) 3.34 (-0.577) 50(0.817) 30 (0) —0.0510 -0.3237 —0.009 8
18 1:10(0) 10 (0) 47.50 (0.613) 20 (-0.791) —-0.0425 —0.5500 -5.3%X107°
19 1:12(-0.5) 13.34 (0.289) 42.50 (0.204) 40 (0.791) —0.089 7 -0.4252 —0.0399
20 1:10(0) 3.34 (-0.577) 42.50 (0.204) 40 (0.791) —0.051 1 —0.1919 —0.0213
21 1:10(0) 10 (0) 32.50 (—0.613) 40 (0.791) 0.0229 —0.093 2 —0.007 2

MR 2% ¥Y=-0.809+0.028 X;+0.014 X;+0.016 X,—
7327 X 107° X X2 +3.654X 107° X,° —1.885 X107 X,2X, +
9.980X10°% X5*—2.144 X107 X3°X,—3.280X10°° X,* (R*=
0.906, P=0.046).
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IS 200 SBVREIRURE, xRt g, ST R H
FIERL RO ZE LIS 2. AT O, ARG T
IR
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Table 2 Optimized range of each factor

2 ) =
X X/ % Xs/% Xyl %
R 2 8 1:12~1:14 6~18 30~42 20~22
JIEET S 1:12~1:14 0~12 30~46 20~36
WWRLE  1:8 ~1:12 6~19 30~33 20~26
gaiei 1012 6~12 30~33 20~22

FHABIR T (65 kg5 SRR 2k 1
FIULYE . DDsolver BT £, FIBLIR )1 2510
(K A8 53.37, BIBIRSHEMRZEN £ R
56.17, JISERGIEHR LHE M £ N 57.85, BIK
150, BEH 3 RS T R RE

oy M —243) )17 J5 ¥ Higuchi J7 %, Ritger-
Peppas /7% Hixson-Crowell /7 #££1 Baker-Lonsdale
JIRER & 2RO e AT 95, DDsolver 11
LR N 3. AIC /N, MSC K, Ry
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Fig. 2 Releasing profiles of Neiyixiao Compound
Sustained-release Dropping Pills and

crude drugs in vitro (n=3)

Ko BIARCR A, g 3 g, BIBEIRIT 2
1T G el HXFEA Higuehi J5 s )l
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Table 3 Fitting equation of releasing curves

*3 BRhZeE AR

oA %W & TR Ry AIC MSC
— KB R BR TR 0=100X(1—e *173% 0.996 2 21.538 5.280
I =g 0=100X(1—¢ "% 0.759 1 45.587 1.138

LR LR 0=100X(1—¢ 5% 0.788 8 44.437 1.269

Higuchi R 2 1 0=0.267X (t—0.592)"> 0.989 2 29.495 4.143
=TS 0=15.486+20.283 12 0.965 1 32.790 2.966

LR LR 0=28.773+20.090 ¢'* 0.981 1 28.614 3.580

Ritger-Peppas R ER 1% 0=21.431* 0.9772 34.741 3.394
=TS 0=33.898 0.980 3 28.775 3.539

LR L 0=24.034 3 0.987 7 25.264 4.008

Hixson-Crowell P 2L 0=100X[1—(1—0.047 1)°] 0.976 3 34.316 3.455
I =g 0=100X[1—(1—0.053 £)°] 0.555 6 49.873 0.525

TR LFE 0=100X[1—(1—0.041 7)°] 0.643 2 48.108 0.745

Baker-Lonsdale R 2 1 1.5X[1—(1—0/100)**1=0.016 ¢ 0.9183 42.969 2218
) Ek 1.5X[1—(1—0/100)**1=0.019 ¢ 0.986 7 25.331 4.031

RO E 1.5X[1—(1—0/100)**1=0.014 ¢ 0.994 2 19.716 4.858
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TR I, PR S 27 R AL IR 5 KM A
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G RS2 15 min, B(E LR . PEG 6000
RSP IR P Yol Ay S o 6 RO AL, )T S R IR 5
FERUNRE 8, 1 h BETBCR iE 60%~90%. Hij A
R T FIKEA R R R AR
SENT FL 3 AL R AN, e 2 ST
AN E 1 EC BER W] 2 Hhgd 55 )11 25 18 (1 SRR RN

AL 3 A IR RE 2

FEPRRIG St E o ASSZIO AR 0 P LR 2 2
PEREAT T 0 . T A S 4 P BRI S My D 32 (142
WK, TEbrS N 2 AR R R R,
HCR ] Doehlert Bevt, IR s ik 2 0Ll 15 i
Iritk. Hr, RV RG22k
IR BRI =005 R, TR o,
O RERBIR 2%, WO R WS s A A T R
ARSI S R YO RS, (HRSTRE R
FRFR L r<<0.85, MARRZE, Sl T =ik
e ALK M =RZ AL P<0.05, r>
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