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Abstract: Objective To analyze the inorganic elements composition of Naozhenning Granules (NG) by inductively coupled plasma
spectrometer (ICP-MS), in order to evaluate the uniformity and safety of NG. Methods The sample of NG was prepared using the
microwave digestion method, and the levels of 18 inorganic elements in 10 batches of NG were determined by ICP-MS. Then the
results were analyzed by Heatmaps and Pearson Correlations. The uniformity of the products was evaluated by Inorganic elemental
fingerprint, principal components analysis, and Cluster analysis. Results The main inorganic elements in NG were K, Ca, P, Na, Mg,
Fe, and there was positive correlations among the different elements. The contents of five heavy metal elements, including As, Hg, Cd,
Pb, and Cu, were below the limit of Chinese Pharmacopoeia 2015. The inorganic elements reference fingerprint of NG was generated
using the average and median methods. The results of fingerprint similarity, cluster analysis, and principal component analysis showed

that the inorganic elements of NG showed good uniformity. The results of principal component analysis showed that K, Mg, Sr, Mn, P,
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and Pb may be the characteristic elements influencing the quality fluctuation of inorganic elements of NG. Conclusion This study

determined the inorganic element composition of NG, which laid a foundation for its uniformity and safety evaluation of NG.

Key words: Naozhenning Granules; inductively coupled plasma spectrometer; inorganic elements; fingerprint; uniformity of product
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Table 1 Linearity, LOD, and LOQ of 18 elements

JLE EYEYp r LR MV /(g L LOD/(ug'L ™) LOQ/(ugL™")  RSD/%
K Y=4.800X 103 X+0.151 1 1.000 0 50~10 000 0.359 1.969 0.77
Na Y=4370X102X—0.189 1 0.999 6 25~5 000 0.257 0.857 1.07
Mg Y=7.900X1073X+0.102 0 1.000 0 25~5 000 0.968 3.227 0.84
P Y=1.000X 10~ X-+0.001 1 1.000 0 25~5 000 1.380 4.599 2.26
Fe Y=4.000%X 1074 X+0.024 9 1.000 0 25~5 000 2.502 8.341 1.13
Ca Y=1.000X 1075 X+0.003 3 0.998 9 25~5 000 73.103 243.375 5.25
As Y=2.000X 1073 X+0.000 2 1.000 0 0.25~50.00 0.029 0.095 5.00
Hg Y=3.000X 1074 X+0.000 1 0.994 2 0.25~50.00 0.332 1.106 —
Pb Y=1.360X102X+0.011 8 1.000 0 0.25~50.00 0.025 0.083 0.68
cd Y=7.000X 1074 X+0.000 1 0.999 8 0.25~50.00 0.021 0.071 —
Cu Y=3.540X102X+0.102 9 0.999 9 0.25~50.00 0.279 0.928 1.95
\% Y=1.300X102X+0.005 7 1.000 0 0.25~50.00 0.118 0.394 3.14
Ga Y=5.400X1073X+0.001 1 1.000 0 0.25~50.00 0.064 0.214 2.52
Ba Y=3.600X 1073 X+0.002 4 0.999 9 0.5~100.0 0.040 0.133 1.00
Zn Y=3.100X103X+0.053 1 0.996 1 0.5~100.0 0.448 1.494 0.82
Mn Y=17.700X 1073 X+0.002 8 0.999 8 0.5~100.0 1.473 58.362 1.94
Sr Y=7.000X 1073 X+0.002 6 1.000 0 0.5~100.0 0.091 0.303 1.12
Ti Y=3.000X 1074 X+0.000 1 0.999 9 0.5~100.0 0.381 1.271 5.63
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Table 2 Contents of 18 elements in Astragalus Radix (n = 6)

tE MEE/(mgg") ZHEE/(mggh) AEE/ (mgeg") | wE WEH/ (mgeg") ZHH/ (mgg") IHIEE/(mgg™)
K 6.921 7.000 0.400 0 Cd — 4.200%X10°8 1.000X 1078
Na 1.119 1.460 0.1900 Cu 7.788 X 1073 8.500%X 1073 7.000X 107
Mg 2.142 2.280 0.100 0 \' 2.105X1073 2.560X 1073 3.200X 107
P 2.415 2.250 0.1200 Ga — — —
Fe 1.123 1.130 0.070 0 Ba 0.025 43 0.025 00 2.500X1073
Ca 4.332 4.560 0.1800 Zn 0.024 70 0.022 30 1.000X 1073
As 6.009 X107 5.700X 1074 0.5000 Mn 0.032 76 0.033 00 1.000X 1073
Hg — 1.200X 1073 — Sr 0.047 54 0.051 00 3.000X 1073
Pb 1.385X1073 1.440X1073 1.000X 1074 Ti 0.093 80 0.102 00 0.011 00
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&3 NGHENAENRESH. FHREHBELERREY (n=3)

Table 3 Contents, average contents, and CV of and inorganic elemental of NG (n = 3)

RS E (ngg™)

s
K Na Mg P Fe Ca As Hg Pb
20160609 3482736 633.492  480.185  771.945  168.626  1087.095 1.667  ND 1.091
20160612 4401.263  639.548 595911  976.258  208.022 970.408 1256  ND ND
20160613 3490.937  452.794 472958 777236  179.073 812.220 0.806  ND ND
20160701 3492.822  451.738  476.752  846.199  171.073 793.778 1298  ND ND
20171203 3416.445 624801  436.468  864.663  162.628 733.461 1.032  ND 3.896
20171210 3540.158  626.563  487.101 903913 175446  1264.795 1.558  ND 1.266
20180101 3137.608 410729 422370  785.135  170.029 648.475 1529  ND ND
20180104 2776.230 593454  354.004  719.336  148.463 534.397 0.854  ND ND
20180107 3339.147  701.468  423.566  830.834  166.882  1133.525 0.963 ND ND
20180110 3357.835  386.838  409.817  825.102  174.309 717.134 1.365 ND ND
FHME 3443518  552.145 445913 830.062  172.496 869.529 1.233 — —
25 2 MU % 11.82 20.59 14.05 8.87 8.75 26.98 24.82 — —
B EU (ug g ")
Eims
Cd Cu \% Ga Ba Zn Mn Sr Ti
20160609 ND 1.264 ND 0.724 4.176 17.638 6.280  3.444 2115
20160612 ND 1.050 ND 0.814 4.682 19.667 7515 4049 2396
20160613 ND ND ND 0.697 3.811 7.597 6.096 3204  2.086
20160701 ND 0.372 ND 0.764 4.465 8.539 6.094 3395  2.057
20171203 ND 0.321 ND 0.807 4705 5.102 5011 3278 1932
20171210 ND 0.574 ND 0.772 4.396 10.206 5886  4.142  2.180
20180101 ND ND ND 0.784 4.287 0.963 4866 3249 2326
20180104 ND ND ND 0.622 3.521 ND 4639  3.026  1.906
20180107 ND ND ND 0.726 4.103 3.440 4965  3.533 2422
20180110 ND 0.348 ND 0.638 3.849 13.118 5.000 3264  2.113
SES5AE — — — 0.735 4200 9.586 5635 3458  2.153
AR R B % — — — 9.06 9.22 65.63 1594 1052  8.32
ND-ARZM RN TAIIIR  — ki - RS 57 R 5
ND-content is less than LOD —-unable to calculate mean and coefficient of variation

Ca 13.71%

Fe 2.72%

HAth 0.43%

P 13.09%’

Mg 7.039

Na 8.71%

1 NG FETTRALED

K 54.31%

Fig.1 Proportion of elements in NG
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Zn I 2 &4 NG L TRIELEERES
Fe 1 Table 4 Similarity evaluation on inorganic elemental
M
Kn 0 fingerprint of NG
-1
Mg I_z ik B MAREE B AR R
Ca
Ti 20160609 0.992 4 0.988 5
Ga 20160612 0.996 7 0.9957
B
Pa 20160613 0.997 0 0.993 8
Sr 20160701 0.996 6 0.994 3
I:a 20171203 0.994 0 0.997 7
S
1 2 3 4 5 6 7 8 9 10 20171210 0.9899 0.983 9
1~10 R 10 HEFER, ]I 20160609, 20160612, 20160613+ 20180101 0.9918 0.9917
20160701+ 20171203, 20171210+ 20180101, 20180104+ 20180107+ 20180104 0.984 2 0.991 3
20180110
1—10 represent 10 batches of samples in turn, ie 20160609, 20180107 0.988 3 0.9856
20160612, 20160613, 20160701, 20171203, 20171210, 20180101, 20180110 0.9939 0.991 3
20180104, 20180107, 20180110
— RIS
El 2 NG ZHTHZRENHRESH 0 5 10 IS 20 25
Fig. 2 Heatmaps of inorganic elemental contents in NG 20160613J
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Na Fig. 5 Cluster analysis of inorganic elemental in 10 batches
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Fig. 3 Pearson correlations between inorganic elemental of 1 0160104 ©20171203 @ 70171210
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;gizgl% Fig. 6 PCA scatter plot of inorganic elemental in 10 batches
— T of NG
P FEAILE 95% B AR X (PC1=55.0%, PC2=
K NaMg P Fe Ca As Hg Pb Cd Cu V Ga Ba ZnMn Sr Ti 11.1%), 1E 20160612 *ﬂ 20180104 ﬁkﬁ\ﬂgﬁﬁ%&%
4 NG FoHlE I ERA S AR ARG AR, WA A

Fig. 4 Inorganic elemental fingerprint of NG RENITEE R WA NG F it E
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