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Formulation optimization and performance evaluation of capsule shell of
Huoxiang Zhengqgi Soft Capsule
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Abstract: Objective In order to improve the disintegration delay caused by the material migration between the contents and the
capsule shell of Huoxiang Zhenggi Soft Capsule (HZSC), the formulation of capsule shell was optimized and its performance was
evaluated. Methods The mobility of iron in the capsule shell of HZSC was studied by inductively coupled plasma mass
spectrometry (ICP-MS). On the basis of single factor experiment, taking the disintegration time and the tensile strength of the capsule
shell as evaluation indexes, and the mass ratio of citric acid to aminoacetic acid, the addition amount of antioxidant, the mass ratio of
glycerin to gelatin and the addition amount of PEG400 were optimized by response surface methodology. The mechanical properties
of the capsule shell were analyzed by electronic universal testing machine, and the aging phenomenon of the capsule skin was
analyzed by infrared spectrum. Results Iron migration existed in the content and shell of HZSC. When the mass ratio of citric acid
to aminoacetic acid was 0.70, the amount of antioxidant was 0.027 (based on the quality of gelatin, the same below), the mass ratio of
glycerin to gelatin was 0.875, the amount of PEG400 was 0.068, the disintegration time was 24.04 min. The capsule shell prepared
according to the optimized formulation had better tensile strength and flexibility compared to the unoptimized capsule shell. The
results of infrared absorption spectroscopy showed that the optimized capsule skin was not easy to be aged. Conclusion The
optimized formulation of soft capsule shell can improve the disintegration delay caused by material migration.
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K K
-1 0 +1 -1 0 +1
A 0.625 0.75 0.875 C 0.700 0.80 0.900
B 0.025 0.03 0.035 D 0.050 0.06 0.070
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Fig.1 Comparison of iron content in HZSC with time
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Table 2 Box-Behnken design and response value

WIS A B/% C D/% BfREFA/min|s2iS A B/% C D/% g [E]/min
1 0.750 (0) 0.030(0) 0.80 (0) 0.06 (0) 2421 15 0.625(-1) 0.025(-1) 0.70 (-1) 0.07 (+1)  26.35
2 0.750(0) 0.030(0) 0.80 (0) 0.06 (0) 24.30 16  0.750 (0) 0.030(0) 0.70 (1) 0.06 (0) 25.62
3 0.750 (0) 0.030(0) 0.80(0) 0.06 (0) 24.25 17 0.625(-1) 0.030 (0) 0.90 (+1) 0.06 (0) 26.92
4 0.625(-1) 0.030(0) 0.80(0) 0.05(-1)  27.87 18 0.750 (0) 0.025 (1) 0.70 (1) 0.06 (0) 27.40
5 0.750(0) 0.030(0) 0.90 (+1) 0.05(-1)  25.06 19 0.750 (0) 0.035(+1) 0.80 (0) 0.05(-1)  24.89
6 0.750 (0) 0.035 (+1) 0.90 (+1) 0.06 (0) 2551 20 0.875(+1) 0.030(0) 0.80(0) 0.05(-1)  27.08
7 0.625(-1) 0.025 (1) 0.80 (0) 0.06 (0) 29.27 21 0.875(+1) 0.030 (0) 0.70 (1) 0.06 (0) 26.50
8 0.625(-1) 0.030 (0) 0.70 (—1) 0.06 (0) 29.75 22 0.625(~1) 0.035 (+1) 0.80 (0) 0.06 (0) 29.56
9  0.875(+1) 0.035 (+1) 0.80 (0) 0.06 (0) 26.01 23 0.750 (0) 0.035 (+1) 0.70 (1) 0.06 (0) 24.99
10  0.875(+1) 0.030(0) 0.80 (0) 0.07 (+1)  25.41 24 0.750 (0) 0.030(0) 0.70 (-1) 0.05(-1)  27.82
11 0.750 (0) 0.025(-1) 0.80 (0) 0.07 (+1)  26.61 25 0.750 (0) 0.025(-1) 0.80 (0) 0.06 (0) 26.38
12 0.625(-1) 0.030(0) 0.80(0) 0.07 (+1)  28.20 26 0.750 (0) 0.035(+1) 0.80 (0) 0.07 (+1)  25.06
13 0.875(+1) 0.030 (0) 0.90 (+1) 0.06 (0) 27.49 27 0.750 (0) 0.025(-1)0.80 (0) 0.05(-1)  26.73
14 0.750 (0) 0.030(0) 0.90 (+1) 0.07 (+1)  25.27

332 JrZESMMEIEATE  REmS AT SR BN R R Mg IR A A R E L S

SIS 48 BN 77 ZE T 4 R LR 3 B B4 HT
gE A4, il Design-Expert v7.1.3 A4 &5 2
FRAR R (5 25 /K St aze /T 0.05 (P=0.0001), 755
frome R A Y S R, RPLR ERARE (P=
0.059 2), AENA RN =t T-ikEe &5 s iR/, i
M) R2=0.979 6, 485 R4 CV=1.28%<5%,
R IE B30 Ragi?=0.932 2, Fy b A 24 F000 Fr B 0
F T TR S8 25 51

M 3 T W R N, MR AN 5 IR
R PUEGIEINE & PEGA00 8 &% Ik 5%

H I 5 B R o R b 2 TR PR 58 TEL S e 6o Fs 7 A e (1]
)5 3

BT Design-Expert v7.1.3 #AEUA 15 21 5115
JHFEN Y=24.34—0.93 A—0.77 B—0.38 C—0.27
D—0.54 AB+0.95 AC—0.50 AD+0.15 BC+0.072
BD+ 059 CD-+ 248 A?+1.14 B2+ 0.95 C2+
0.45 D2,

I8 1T Box-Behnken S35 153 1) 2 Jt [l A B fiy
Ay oe 2 gt 1 a0 P 6 B, o T P R 8 DU M
ISR R Z L ER SR, MIEREENE, 3%

xR3 HESH
Table 3 Analysis of variance
HERE CFEM O HBE  ¥HF O FH P HERWE CEFHEM O HBEE  ¥WHF O FH P1{H
B 65.271 14 4456 12151 <0.0001 | CD 1.396 1 1.396  3.808 0.0749
A 10.453 1 10.451 28555  0.0002 | A? 32.785 1 32784 89542 <0.0001
B 7.055 1 7.057 19276  0.0009 | B? 6.953 1 6.958 18.991  0.0009
c 1.731 1 1730 4716  0.0507 | C? 4.828 1 4.827 13169  0.0035
D 0.870 1 0875 2.377  0.1493 | D? 1.065 1 1.061 2.897  0.1149
AB 1.177 1 1.178  3.193 0.0996 | %k 4.391 12 0.374
AC 3.656 1 3.654  9.965 0.0083 | kiirzE  4.357 10 0.436 19.145 0.059 2
AD 1.008 1 1.003 2731 01243 | 4= 0.044 2 0.022
BC 0.087 1 0.087 0245  0.6347 | i&F 66.660 26
BD 0.021 1 0021 0.057 08147

P<0.05 A%, P<0.01 Mk
P < 0.05 was significant, P < 0.01 was extremely significant
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Fig. 6 Effect of mass ratio of citric acid to aminoacetic acid (A), amount of antioxidant (B), mass ratio of glycerin to gelatin

(C), amount of PEG400 (D) on disintegration time
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Fig. 7 Tensile strength of samples
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