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Abstract: Objective To study the distribution and correlation of 20 kinds of inorganic elements (Na, Mg, Al, V, Cr, Co, Fe, Ni, Cu,
Zn, Mn, As, Se, Cd, Cs, Sr, Ag, Hg, Pb, and U) in Jiawei Xiaoyao Formula (JXF) . Methods The levels of 20 inorganic elements in
10 kinds of herbal substances were determined by ICP-MS with microwave digestion for sample preparation, and the results were
analyzed with SPSS22.0. Results There were some correlations among the inorganic elements in JXF; Four main factors were
selected by principal component analysis (PCA). The PCA results showed that Na, Mg, Al, V, Ni, Cu, Se, Sr, Cs, Mn, Hg, and Fe
might be the characteristic elements in JXF; There were Mg, Al, Mn, and Fe elements in 10 herbal drugs, the contents of inorganic
elements in herbal drug were different because the medicinal parts were different, and the decreasing order was roots and rhizomes,
skin type, all grass, fruit seeds, and fungi. Conclusion Contents of inorganic elements can not only characterize the stability of
extraction process, and can provide experimental evidence for the study of traditional Chinese medicine compound compatibility law.
Key words: Jiawei Xiaoyao Formula; inductively coupled plasma spectromter; inorganic elements; principal component analysis
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Table 2 Calibration curves and limits of detection

VST 3 [ 5 2 r BB (ngg™D
Ag Y=00194X+24292x10° 0.999 4 0.002 0
Al Y=0.0021X+7.7133x10™* 0.999 8 0.1980
As Y=0.0155X+2.8787 x107° 1.0000 0.0240
Cd Y=0.0061X+5.1865x 10"° 0.999 8 0.0020
Cr Y=0.1321 X +0.002 4 1.0000 0.0340
Co Y=01472X +3.8298x10° 0.999 2 0.000 3
Cs Y=0.0126X-1.5926 x10°° 0.999 2 0.0011
Cu Y =0.0692 X +0.002 7 0.999 9 0.2450
Fe Y=0.1470X+0.884 8 1.0000 2.6100
Hg Y=0.0112X-3.1697 x10° 0.999 4 0.003 2
Mn Y=0.1716 X+0.0017 1.0000 0.1120
Mg Y =0.006 8 X +0.004 0 0.999 8 0.166 0
Na Y =0.0144 X +0.008 7 0.999 8 0.326 0
Ni Y =0.0745 X +0.006 7 0.9997 0.2250
Pb Y=0.0340 X +0.0030 0.999 8 0.1530
Se Y =0.0018 X—-0.0025 0.999 9 0.9620
Sr Y=00268X+54143%x10° 0.999 5 0.014 3
U Y=00252X+8.2351x10°° 0.999 4 0.0005
Vv Y=0.1482 X +5.0057 x10™* 0.999 9 0.008 1
Zn Y=0.0325X-0.5784 1.0000 5.3400

3 HR5H5%H
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Table 3 Contents of 20 elements in herbal substances and preparations

T HIH M2k KLy 0.5 g, FesARE, 1% 2.1
T il AR L 4% 2.2 TR ICP-MS
e SAFATIE, MREEHUCRIESR, IR

30

JE4y $(mg-kg )

Fdh
Ag Al As Cd Cr Co Cs Cu Fe Hg
st 0.0048 883.446  0.454 0.0429 13016 0.426 0279  6.607  795.049 0.005
Y E| 0.0037 954793 0543 0.0163 11.283 0.446  0.257  7.337  970.625 0.003
A 0.0184 136.453 0.208  0.107 2510 0190 0.0517 12297 179.825 0.024
HA — 135175 0.118 0118 0718 0104 0.0127 14593 121.320 —
HA] — 33.602 0374 0.0135 0550 0.0438 0.0335 4724  36.421 —
har 0.0114 138251 0.167 0.0889 2286  0.136 0.104 8515 153.029 —
H 0.0042  86.023 0.0699 0.0125 1.044 00723 0.103 7.228 106.196 —
T 0.0101  34.064 0.0721 0.0170 0.135 0.0818 0.0309 3.672  60.012 —
T2 0.0032 92191 0273 0290 0622 0191 0109 4205  88.803 —
a4 — 194.950 0.0813 0.0446 0.448 0162 0.0438 4679 171.070 —
27 HRE) 1 0.0028 96.990 0209 0.0173 0.147 0.180 0.0187 1.980  63.387 —
AJ7EM 2 00011 97521 0.205 0.0190 0.161  0.177 00209 1987  75.151 —
27T 3 0.0019  97.206 0.223 0.0219 0157 0.176  0.0204  1.931 60.466 —
AJ78REM 4 0.0025  97.903  0.214 0.0182 0.207 0181 0.0198 1.834  66.420 —
27 5 0.0032  98.925 0239 0.0195 0.238 0.189 0.0217  2.577 71.287 —




+332. #¥ssgat % Drug Evaluation Research 28 404 55 3% 201743 A
(B£ 3D
. Jict 4y il (mgkg ™)
P Mg Mn Ni Na Pb Se Sr U v Zn
e 1954.904 40.361 3.800 668.778 0.760 — 26.766  0.0758 1.9708 18.3687
B 1847.174 30.602 4.261 76.305 0.734 0.314 18.226 0.076 2.5823 18.7881
T AT 2341.241 44737  2.415 17.028 3.618 13.928 46.227 0.0082 0.3361 25.3838
AR 1065.305 10.993 1.218 418.232 0.140 0.784 29.474 0.0021 0.363 21.4776
SES] 607.969 9.877 0.596 196.902 0.591 0.916 51.636  0.0032 0.0905 13.2395
W7 1535.837 36.561 1.778 95.489 0.708 2.088 23459 0.0019 0.2731 10.3477
Hrx 2184.048 10.057 2,533 1150.321 0.098 1.896 211.250 0.0021 0.3436 17.7783
RE 105.104 9.507 0.291 5.365 0.041 1.918 0.791 0.0007 0.0798  4.3033
T2 1905.243 247597 1.431 87.976 0.487 2.309 14.389 0.002 0.2477 13.6011
LawN YL 1111.869 10320 1.177 291261 0.168 2.464 4.501 0.0063 0.4242  8.9385
SR 1 1471.903 13588 1.202 680.217 0.183 2.191 12.980 0.0001 0.1227 5.2771
AT 2 1471.810 15945 1480 682136 0.184 2.288 13.340 0.0001 0.1237 5.9583
SR 3 1471.259 14677 1260 682.090 0.194 2.203 13,521 0.0001 0.1163 5.8609
AT 4 1470.797 15.152 1.294 681548 0.204 2.156 13.210 0.0001 0.1240 5.4883
AT 5 1473.344 15.698 1.672 683.025 0.160 2.309 14389 0.0002 0.194 6.0458
— R T H FR— means lower than the detection limit
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Fig.1 Analysis on elements in Jiaweixiaoyao extract
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Table 4 Analysis matrix of element correlation
%ﬁ Na Mg Al \Y Ct Mn Fe Ni Co Cu 2zZn As Se Sr Ag Cd Cs Hg Pb U
Na
Mg 0.460
Al 0.753 0.642

V 0635 0.887 0.909

Cr 0645 0476 0968 0.823

Mn 0.847 0.267 0.659 0.429 0.557

Fe 0489 0457 0.524 0431 0.378 0.803

Ni 0828 0.79 0.865 0.858 0.714 0.796 0.774

Co 0412 0.775 0.875 0.944 0.859 0.251 0.318 0.695

e

Cu 0.622 0.959" 0.804 0.972° 0.674 0.375 0414 0.851 0.866

Zn 0942 0.487 0.553 0511 0382 0.81 0532 0.791 022 0571

As 0.686 0.627 0.756 0.822 0.729 0.259 -0.041 0595 0.74 0.802 0.531
Se 0.695 0.821 0562 0.681 0.337 0.66 0.752 0.896 0.442 0.775 0.81 0.402
Sr 0867 0.769 0.86 0.904 0.755 0.569 0.346 0.86 0.744 0.905 0.776 0.914 0.718

Ag -0.076 0458 048 0.616 0.568 -0.342 -0.269 0.136 0.799 0.536 -0.293 0.606 -0.099 0.375

Cd 0.606 -0.028 0.041 0.018 -0.019 0.259 -0.256 0.125 -0.225 0.098 0.66 0.469 0.19 0.435 -0.302

Cs 0983 0562 0.75 0.673 0.608 0.871 0.607 0.897 0.434 0.681 0.964" 0.632 0.811 0.867 -0.107 0.523

Hg 0511 0173 0.304 0.139 0.161 0.855 0.92 0.613 -0.031 0.14 0.605 -0.206 0.648 0.194 -0.607 -0.023 0.604
Pb -0.437 -0.998™ -0.595 -0.855 -0.419 -0.25 -0.459 -0.772 -0.733 -0.941 -0.485 -0.589 -0.833 -0.741 -0.418 0.027 -0.546 -0.184

U 0264 -0.707 0.022 -0.365 0.159 0.356 -0.127 -0.189 -0.355 -0.503 0.114 -0.066 -0.423 -0.12 -0.366 0.383 0.126 0.135 0.737

"P<0.05, "P<<0.01
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4 Wig

ARSERGSR ] ICP-MS 32356 5 Jnig: 5 12 £ )
S T7 2R I TEHLICER S i 2 BTN E Y 20 Ao
] SPSS 22.0 #EAT U4 20T, 5 LI e LT
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Table 5 Initial eigenvalues and contribution rates
PR WIGRRF A
Rt T %1% S Wiy a7

1 11.554 57.768 57.768
2 4.218 21.089 78.857
3 2.512 12.562 91.419
4 1.716 8.581 100
5 566X10%*  283x10°7*° 100
6 478x10%  239x10 100
7 3.90%x10%*  1.95%x10°7%° 100
8 317x10%*  158%x10°7%° 100
9 231x10%®  115%x10°%° 100
10 1.96X107%®  9.79x107%¢ 100
11 151x10%® 757x107% 100
12 591x10Y  2.96%x107% 100
13 2.66x10Y  1.33x107% 100
14 240%x10Y -1.20%107% 100
15 -1.30X10%*  -652x107% 100
16 -1.86X10%*  -9.29%x107% 100
17 279%x107%®  -1.40%x107 100
18 -3.78X10%*  -1.89x10°7 100
19 -472X107% 2.36%10°% 100
20 5.08X10%®  -254%x10°7% 100
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Table 6 factors loadings of first four principal components
in rotation matrix

_ Ry
TR 1 2 3 4
Na 0.844 0.424 0.326 -0.051
Mg 0.836 -0.368 -0.313 -0.259
Al 0.903 -0.105 0.17 0.381
\% 0.931 -0.356 0.013 0.073
Cr 0.769 -0.179 0.305 0.532
Mn 0.693 0.665 -0.015 0.278
Fe 0.610 0.429 -0.59 0.31
Ni 0.973 0.147 -0.159 0.075
Co 0.778 -0.556 0.016 0.292
Cu 0.926 -0.341 -0.069 -0.148
Zn 0.776 0.538 0.135 -0.3
As 0.761 -0.329 0.539 -0.149
Se 0.845 0.224 -0.391 -0.289
Sr 0.950 -0.071 0.274 -0.134
Ag 0.295 -0.906 0.214 0.213
Cd 0.217 0.422 0.658 -0.584
Cs 0.889 0.423 0.152 -0.087
Hg 0.424 0.747 -0.468 0.209
Pb -0.812 0.351 0.353 0.304
U -0.209 0.59 0.652 0.428
_\_\_
1 U_/o"“: o gcr A
Ag 80 .
05 DCU S gt
~ 1 8C== -0
§ 0.0 oosfzm%umn
% 0"'9
057
A _U—Q
10 a5 g P i UU Jfg A0
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Fig3 Composition diagram in rotating space
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