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Abstract: Objective To take Buyanghuanwu Decoction as a model for exploring the variable rule of solubility parameters for the
effective components group (fraction). Methods To arrange the experiment design by uniform design and central composite plan, to
determine the solubility parameter values with the modified inverse gas chromatography (IGC), and to fit the curve equation using
SPSS software. Results The recursive equation for the major active component including astragaloside (X,), ferulic acid (X,),
paeoniflorin (Xs), and ligustrazine (X,) was Y = —69.016 + 435.277 X;X, + 336.966 X,X4 + 487.702 X3X,—54.575 X;2—59.696 X,X3
(r = 1.000, P < 0.01); The recursive equation for the active part including total glycosides (X;), and total alkaloids (X,), total
polysaccharide (X3) was Y = 21.822 + 10.562 X; + 51.512 X,—37.078 X5 + 163.820 X;X,—155.569 X;X3—506.750 X,X3—9.385
X, +19.864 X, + 413.446 X52 (r = 0.866, P < 0.01). Conclusion The recursive rule equation has revealed the inevitable connection
between the single component of Chinese materia medica and complex system, which could lay the foundation for the further research
on the solubility rule of traditional Chinese medicine compound.
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Fig. 1 GC for five probes [first peaks in a—e were all air’s peaks, where second peaks were chloroform (58 C),
benzene (56 C), toluene (56 C), hexane (54 “C), and cyclohexane (81 °C), respectively]
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Table 1 Relative coefficient of each probe and experimental data

e TI/IK Py/kPa  Vi/(mL-mol™®) By /(mL-mol™) ty to F P—P, P, P, Py
x 33  57.70 93.75 -1144 0319 0100 35 103  101.32 204.32 22.790
329  44.99 92.90 -1217 0369 0.089 35 101  101.32 202.32 15.460

323 3598 92.19 -1 287 0.424 0.091 35 99  101.32 200.32 12.297

316  27.37 91.38 -1378 0.535 0.091 35 97  101.32 19832  8.613

310  21.39 90.71 -1465 0.652 0.095 35 96  101.32 19732  6.256

303  15.81 89.94 -1580 0.864 0.098 35 95  101.32 196.32  4.230

i T/IK Py/kPa  Vi/(mL-mol™ By /(mL-mol™) t, t F P—P, P, P Pw
FZ 310 6.82 108.25 —2 348 1.644 0104 37 100 101.32 201.32  6.26
320  10.74 109.48 -2092 1.140 0.093 36 103  101.32 204.32 1058

329  15.70 110.62 -1 900 0.797 0088 35 106 101.32 207.32 16.46

339  23.28 111.92 -1720 0574 0.093 34 109 101.32 21032 26.08

348 3243 113.13 -1582 0.449 0098 33 112  101.32 213.32 3846

357 4431 114.38 -1463 0.358 0.093 32 115 101.32 21632 5551

e T/IK Py/kPa  Vi/(mLmol™) By /(mL-mol™) t, to F P—P, P, P; Pw
cbi 350  130.00 142.31 -1225 0.105 0.096 36 115 101.32 21632 4181
342 101.90 140.48 -1305 0.153 0.091 36 114 101.32 21532 29.76

334 78.67 138.72 -1394 0471 0092 36 108 101.32 209.32 20.80

327 61.99 137.24 -1481 0.198 0100 36 103  101.32 204.32 14.96

319 46.48 135.61 -1593 0228 0.101 36 99  101.32 200.32 10.06

312 35.61 134.23 -1702 0.267 0.104 36 97 101.32 19832  6.97

e T/IK Py/kPa  Vi/(mL-mol™®) By /(mL-mol™) ty to F P—P, P, P, Py
ok 329 44.85 113.11 -1327 0241 0.096 36 111  101.32 212.32 16.46
335 55.30 114.02 -1268 0221 0100 36 113  101.32 21432 21.77

341 67.60 114.95 -1212 0.198 0.098 36 114  101.32 21532 24.49

347 81.96 115.91 -1161 0.180 0.098 36 115 101.32 216.32 36.88

354  101.60 117.05 -1106 0171 0.099 36 117 101.32 21832 4924

360  121.30 118.06 -1 063 0.157 0.093 36 118 101.32 219.32 6244

e T/IK Py/kPa  Vi/(mL-mol™®) By /(mL-mol™) ty to F P—P, P, P, Py
A1 316 53.43 82.61 -1016.0 0.534 0.093 36 98  101.32 199.32 861
323 68.89 83.39 -957.7 0.431 0.092 36 100 101.32 201.32 1230

331 90.73 84.32 -897.5 0339 0.095 36 111  101.32 212.32 18.09

338 114.10 85.16 -849.9 0.283 0.093 36 112 101.32 21332 2494

345  141.90 86.02 -806.3 0.238 0088 36 114 101.32 21532 33.88

352 174.80 86.91 ~766.4 0.218 0.093 36 116  101.32 217.32 4539
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Table 2 Solubility parameters of four standard samples

(25 C)

X HE WESH 01 (ImL)M2
BRI 19.16+2.21
g7 22.92+6.15
AL 21.27+3.82
L= 19.02+3.15

22.2 4 Fp—xHEERS REESENE A
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R Ug(6") ZHERI, Kr LA E 4 Bl BT AL
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G, WRILEEGYINEESHIBHEL R 2y
AW ILER 3. iR 3 KIS 6 MG
AR, EAAEREOSGEATI G . CUEATET SR
O RS (X, LA 13 15 2 50 (e ok
PAsR (YD, JEATIIESHT, 459 0% 4, 1] SPSS
13.0 AR AL RNV A AR L v T R N
Y=-69.016+435.277 X,X,+336.966 X,X,+487.702
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Table 3 Levels of uniform design Ug(6%)

K A/ mg B/mg C/mg D/mg
1 5.3 10.1 51 10.0
2 6.1 8.8 5.8 9.2
3 7.0 8.2 7.2 8.1
4 8.0 7.1 7.8 7.3
5 31 6.0 9.2 6.0
6 6.5 5.2 10.3 5.2

T4 O NPBER (X Y) E
Table 4 Values of abscissa X and ordinate Y

X, X, X X, Y
00640 04305 01424 03629  16.94
00707 03328 01952 04012  20.26
00905 02612 01267 05216  16.99
00724 03693 01359 04224  19.90
00318 03395 00853 05434 1867
00643 02397 01260 05700  16.73
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Table 5 Three factors and five levels of central
composite design

b (XD, SZIG 7 S FTINAS VA 2 B0 A bR (YD
(% 6), ] SPSS 13.0 A AL etE R, $I&
IS AEL P FEh Y=21.8224+10.562 X;+51.512

K X/ mg Xz mg X3/ mg X, — 37.078 X3+ 163.820 X;X, — 155.569 X X3 —
~1.682 100.0 100.0 100.0 506.750 X,X3—9.385 X;°+19.864 X,°+413.446 X5’
-1 140.6 140.6 140.6 (r=0.866, P<<0.01). nJiA NIt 3 KA RIS
0 200.0 200.0 200.0 Ji (R RS P 2 BRI b g R R s A
L 259.4 259.4 259.4 233 WUFRAK (EHOLPIRTE DS 6, 10, 15
1.682 300.0 300.0 300.0 PP 5 (ST REE 7 S HEA T I, AR B
#x6 ERRUHTRARRER
Table 6 Experimental design and results of central composite design
B9 X X Xs Y/@mLY| 5 X1 X3 Xs Y/IQmMLY | F5 X, X3 X Y/(@/mL)Y2
1 -1 -1 1 28.00 8 -1 -1 -1 2453 5 0 0 0 24.16
2 0 0 -1 27.01 9 0 0 1 23.16 6 0 0 O 23.78
3 1 -1 1 28.49 10 1 -1 -1 24.28 7 0 0 O 23.78
4 -1 1 1 22.79 1 0 -1.682 1 23.78 8 0 0 O 23.78
5 1 1 1 22.67 12 -1682 0 0 23.16 9 0 0 O 24.03
6 0 1682 0 24.03 13 1682 0 0 24.28 20 0 0 O 24.15
7 1 1 -1 28.49 14 -1 1 -1 23.41
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