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Mechanism of "unification of drugs and excipients'' for Chinese medicine
semi-extract based on powder compression behavior analysis
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Abstract  In this paper five representative Chinese herbal decoction pieces of Scutellariae Radix Paeoniae Radix Alba vinegar—
processed Corydalis Rhizoma Polygoni Multiflori Radix Praeparata and Lonicerae Japonicae Flos were selected to prepare the corre—
sponding fine powder of pieces extract powder semi-extract powder and physical mixed powder. The physical properties of 20 kinds of
powders such as related parameters of particle size density stability and flowability were evaluated comprehensively. The compres—
sion curves of powder porosity and tensile strength changing with pressure were plotted and the Heckel equation and the Kawakita
equation were used to describe the powder compression behavior. The results showed that compared with the fine powder of pieces the
compressibility of the semi-extract powder and the extract powder was significantly improved. Compared with the extract powder the

particle size and relative uniformity of the semi-extract powder were increased indicating that the uniformity of the powder was im—
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proved. Besides the semi-extract powder could reduce the hygroscopicity of the powder. Particularly the semi-extract powder of
Scutellariae Radix Paeoniae Radix Alba and vinegar-processed Corydalis Rhizoma could maintain the porous structure of the tablet
even under a high tableting pressure which was beneficial to tablet disintegration. For some traditional Chinese medicines ( such as
Lonicerae Japonicae Flos) the semi-extract powder could reduce the viscosity which avoided the sticking in the die compression. The
semi-extract powder and the physical mixture powder prepared by the same Chinese herbal decoction pieces had similar physical proper—
ties and compression behaviors. Principal component analysis ( PCA) was carried out on the 17 physical attributes and 5 compression
parameters of the powder. It was found that the first principal component mainly reflected the differences among the material sources
while the second principal component could reflect the differences among fine powder of pieces extract powder semi-extract powder
and physical mixed powder originating from the same Chinese herbal decoction pieces. In this paper the mechanism of " unification of
drugs and excipients" of Chinese medicine semi-extract powder was explained in terms of physical properties and compression behavior
of powders which provided reference for the formulation design and process development of Chinese medicine tablets.
Key words  semi-extract powder; unification of drugs and excipients; compressibility; tabletablity; physical characterization
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Tablet 1 The density and flowability related parameters of 20 kinds of traditional Chinese medicine powders
No. D, D, IH I, 1C pt a 13
1 0. 400 0+0. 000 0 0. 656 5+0.002 5 1. 64 0.98 39.07 1.53  56.09=+0. 11 60. 00
2 0.572 5+0. 003 8 1. 000 0+0. 000 0 1.75 0.75 42.75 1.55  47.95+0.23 60. 00
3 0.572 5+0. 003 8 0. 943 4+0. 000 0 1. 65 0. 69 39.31 1.55  49.84+0.50 60. 00
4 0. 490 2+0. 000 0 0. 813 0+0. 000 0 1. 66 0.81 39.71 1. 56 52.16+0. 55 60. 00
5 0. 627 6+0. 004 6 0.845 1+0.004 1 1.35 0.41 25.73 1.51 44.18+0. 22 60. 00
6 0. 588 2+0. 000 0 0.920 3+0.009 7 1. 56 0.61 36. 08 1.53 45.97+0. 45 60. 00
7 0. 672 7+0. 005 2 1..000 0+0. 000 O 1. 49 0.49 32.73 1. 54 46. 54+0. 49 60. 00
8 0. 614 8+0.004 3 0.909 1+0.000 0 1.48 0.53 32.37 1.52 50. 60+0. 32 60. 00
9 0. 638 3+0. 004 7 0.892 9+0. 000 0 1. 40 0.45 28.51 1.49 41.37+0.47 60. 00
10 0. 694 4+0. 000 0 1. 000 0+0. 000 O 1. 44 0.44 30. 56 1.54 43.81+0. 18 60. 00
11 0. 684 9+0. 000 0 0.986 9+0.011 3 1.44 0.45 30. 60 1.53  45.39+0.45 60. 00
12 0. 666 7+0. 000 0 0.974 1+0.010 9 1.46 0.47 31.56 1.52 47.07x0.38 60. 00
13 0. 666 7+0. 000 0 0. 928 8+0. 005 0 1.39 0.42 28.22 1.53  41.65+0.15 60. 00
14 0.742 6+0. 006 3 1. 041 7+0. 000 O 1. 40 0.39 28.71 1.58 38.91+0.79 60. 00
15 0.714 3+0. 000 0 0.980 4+0. 000 0 1.37 0.38 27. 14 1.57 41.22+0.33 60. 00
16 0.701 0+0. 005 6 1. 000 0+0. 000 O 1.43 0.43 29.90 1.57 45.28+0. 35 60. 00
17 0. 400 0+0. 000 0 0.561 8+0. 000 0 1.40 0.72  28.80 1.43  52.45+0.22 60. 00
18 0. 600 0+0. 004 1 0. 819 7+0. 000 0 1.37 0.45 26. 80 1.55 55.04+0. 41 60. 00
19 0. 588 2+0. 000 0 0.909 1+0. 000 0 1.55 0. 60 35.29 1.51 50. 29+0. 46 60. 00
20 0.513 7+0.003 0 0. 724 6+0.000 0 1. 41 0.57 29. 11 1.52 51.20+0. 44 60. 00
2 20 N N
Table 2 The cohesion stability and particle size related parameters of 20 kinds of traditional Chinese medicine powders

No. Ted 9%HR 9%H %Pt 16 Dy Dy Dy, Span

1 87.96+13.25 8.17+0. 13 8.62+0. 10 45.50+0.57  0.002 9+0. 000 1 3.95+0. 09 59.04£1.37  178.70+1.47 2.96+0. 05

2 153. 28+37. 06 7. 60+0. 90 14. 62+0. 33 71.14+1.01 0. 000 9+0. 000 1 1. 99+0. 06 19.36+1. 02 99.15+3.71 5.02+0. 26

3 150. 52+52. 49 7. 85+0. 60 12.76+0. 23 58.39+0.36  0.001 7+0.000 0 2.47+0.07 35.05+0.88  135.57+1.29 3.80+0. 06

4 215.79+12.75 8.040.71 12.59+0. 33 62.60+0.41  0.001 5+0.000 0 2.40+0.02 28.57+0.60  126.10+2.34  4.33+0.03

5 10. 80+1. 14 8.38+0.47 6. 09+0. 05 34.27+1.04  0.003 4+0.000 1 14.40+0. 54 71.86+2.02  182.63+£7.79  2.34x0.04

6 175.34+61. 71 7.28+0. 17 13.03+0. 44 51.18+0.87  0.002 2+0. 000 1 4.25+0.08 48.29+1.19  141.20+4. 11 2.84+0.02

7 157.76+27. 63 7.62+0. 31 12.24+0. 39 41.59+0.54  0.003 0+0.000 1 6.73+0.48 62.16+1.17  150.23+7.22 2.31+0.07

8 107. 63+6. 10 9.28+0. 69 9.51+0.21 44.42+0.96  0.002 7+0.000 1 6.06+0. 17 57.82+1.11  150. 60+2. 30 2.50+0. 02

9 7.10+1.24 8.87+0. 08 5.57+0.26 26. 34+0. 81 0.004 0+0.000 3 18.74+0.76 92.60+5.32  243.90+29.54  2.43+0.19

10 230.99+48. 45 10. 24+0. 59 14. 54+0. 54 43.06+1.05  0.002 8+0.000 1 7.12+0. 15 59.92+1.77  152.07+£3.46  2.42+0.02
11 83.30+41. 50 7.90+0. 30 12.57+0. 28 39.90£0.34  0.003 2+0. 000 0 8.03+0. 33 64.86+0.37  157.03+0.40  2.30+0.01
12 890.96+12.24 9.56+0. 35 10. 70+0. 23 36.11+0.33  0.003 4+0.0000  11.06=+0.33 69.98+0.75  173.87+7.21 2.33+0.09
13 8.73x1.26 9.25+0. 16 7.320. 10 28.48+0.25  0.004 8£0.000 1  14.83+0.27 86.78+0.84  199.17+0.91 2.12+0.01
14 303.93+59.21 5.77+0. 46 15.74£0. 21 38.09+£1.69  0.003 4+0. 000 2 9.11+1.65 68.37+£1.12  173.03+12.41  2.40+0.23

15 165.039. 10 8.39+0. 20 10. 67+0. 05 34.32+0.17  0.003 8+0.000 0  11.58+0.29 74.86+0.33  182.90+1.18  2.29+0.02
16 80.96+12.24 8.23+0. 62 10. 73+0. 06 35.05+0.33  0.003 8+0.000 1  10.44=0.41 74.09+0.67  184.00£0.46  2.34x0.02
17 56.02+5. 81 7.44+0.02 9.42+0.07 38.04£2.68  0.003 4x0.000 1 7.10+0. 79 71.48+5.17  194.00+14.85  2.62+0.03
18 212.27+34.84 8.25+0.28 18.09=+0. 33 41.61+1.11  0.003 0+0.000 1  11.10+0. 82 61.80+1.44  152.73+2.11 2.29+0.08
19 134.54+7.65 5.74+0. 34 15.83+0. 15 44.96+0.48  0.002 7+0.000 1 3.67+0.07 58.48+1.08  169.57+3.49  2.84+0.01

20  125.16+18.43 7.74£0.16  15.66+0. 67 39.34+0.63  0.003 2+0.000 0 8. 710. 25 67.42+0.85  182.20+3.44  2.57+0.02

. 20 . 20 0.38~0. 98
0.56~1.05 gemL™";
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Fig. 1

3 20

The physical fingerprint of related powder

Tablet 3  The similarity of 20 kinds of powder physical fingerprint

No. 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20
1 1..000

2 0.942 1.000

3 0.952 0.997 1.000

4 0.932 0.978 0.982 1.000

5 0.888 0.836 0.860 0.779 1.000

6 0.931 0.990 0.995 0.986 0.845 1.000

7 0.919 0.976 0.985 0.961 0.891 0.990 1.000

8 0.950 0.962 0.977 0.939 0.938 0.969 0.983 1.000

9 0.878 0.821 0.842 0.761 0.995 0.825 0.877 0.924 1.000

10 0.872 0.957 0.965 0.959 0.829 0.977 0.983 0.958 0.817 1.000

11 0.918 0.950 0.960 0.903 0.951 0.955 0.981 0.985 0.940 0.946 1.000

120925 0.942 0.955 0.904 0.956 0.946 0.976 0.991 0.951 0.950 0.993 1.000

13 0.874 0.832 0.852 0.768 0.998 0.801 0.951 0.960 0.993 0.836 0.888 0.932 1.000

14 0.798 0.914 0.919 0.939 0.714 0.973 0.879 0.868 0.728 0.951 0.948 0.881 0.727 1.000

15 0.888 0.939 0.954 0.932 0.894 0.973 0.973 0.975 0.901 0.966 0.990 0.972 0.903 0.948 1.000

16 0.914 0.937 0.951 0.896 0.953 0.925 0.997 0.996 0.960 0.947 0.979 0.985 0.962 0.878 0.979 1.000

17 0.974 0.900 0.919 0.883 0.933 0.835 0.938 0.940 0.944 0.905 0.916 0.949 0.928 0.788 0.904 0.940 1.000

18 0.850 0.943 0.950 0.960 0.756 0.986 0.915 0.910 0.773 0.969 0.967 0.923 0.774 0.980 0.959 0.911 0.843 1.000

19 0.927 0.983 0.985 0.958 0.844 0.940 0.968 0.948 0.863 0.986 0.984 0.959 0.855 0.929 0.954 0.955 0.921 0.955 1.000
20 0.936 0.966 0.975 0.957 0.869 0.953 0.970 0.963 0.883 0.977 0.983 0.969 0.880 0.927 0.969 0.965 0.945 0.968 0.985 1.000
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2 3
Fig.2 The porosity change trend chart Fig.3 The tensile strength change trend chart
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5 PCA

Tablet 5 The results of PCA model %
LV RX RX Qum
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