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Abstract: Objective To establish a quality assessment method for Rehmanniae Radix based on HPLC fingerprint and qualitatively
analyze the chemical constituents by HPLC-ESI-MS. Methods The methanol extract of Reimanniae Radix by ultrasonication was
separated on an Agilent Extend C;g column (250 mm X 4.6 mm, 5 pum) with gradient elution. The mobile phase consisted of
acetonitrile-0.1% phosphoric acid. The detection wavelength was 215 nm. The similarity evaluation of 15 batches of Rehmanniae
Radix from different sources was carried out by the “Similarity Evaluation System for Chromatographic Fingerprints of TCM”
(Chinese Pharmacopoeia Commission, version 2004A). Ultra high-performance liquid chromatography coupled with linear ion
trap-Orbitrap mass spectrometer (UPLC-LTQ-Orbitrap MS) was used to characterize the chemical constituents of the methanol extract
of Rehmanniae Radix. Results The chromatographic fingerprints of 15 batches of Rehmanniae Radix were generated with 10
common peaks. The similarity scores between each material batch and the reference fingerprint ranged from 0.910—0.982. A total of
67 components were putatively identified along with six unknown components via referring to reference components and literatures
and analyzing MS/MS data. Conclusion The established method of fingerprint is specific and can be a reliable method used for
quality assessment of Rehmanniae Radix.
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Table 1 Sources of 15 batches of Rehmanniae Radix
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Fig. 1 HPLC fingerprints of 15 batches of Rehmanniae
Radix (215 nm)
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Fig.2 Reference chromatographic fingerprint of 15 batches

of Rehmanniae Radix
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Table 2 Similarity results of 15 batches of Rehmanniae Radix

G 5 FHBLEE i 5 HHABLEE
S1 0.964 S9 0.982
S2 0.925 S10 0.978
S3 0.947 S11 0.957
S4 0.964 S12 0.954
S5 0.915 S13 0.966
S6 0.948 S14 0.955
S7 0.957 S15 0.955
S8 0.910
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Fig. 3 Base peak chromatogram in negative mode of methanol extract from Rehmanniae Radix

%3 L EPERIZINARA HPLC-ESI-MS L2 K 5 517
Table 3 Chemical constituents of methanol extract from Rehmanniae Radix analyzed by HPLC-ESI-MS

5 /min TR WEA(XI109 [M—H] MS? wED
1 2.01 CysHpOy -0.286 361.1128 343.150 7,301.029 1,282.942 7, 253.073 8, 223.050 2, catalpol”
198.933 5
2 2.15 Cy5H30,4Cl 0.224 397.089 7 379.034 9, 335.635 3, 276.870 2, 252.108 3, 199.032 1, glutinoside
143.936 7
3 221 Cy5HpOq 0.292 347.133 8 184.948 6, 167.009 6, 148.907 6 ajugol/leonuride
4 231 CHpOy 1.278 373.1134 327.0667,283,211.023 8, 166.915 8, 122.923 3 geniposidic acid
5 2.57 CiHp4049 0.818 3751300 356.343 0,315.046 7,255.117 0, 212.952 2, 169.020 4,  8-epiloganic acid”
124.900 1
6 275 CiHy010 0.336 377.144 4 341.082 3,215.003 9, 178.866 6, 160.804 8 lamiol
7 5.25 CyHpOp9 -0.329 375.128 5 315.2300,213.016 7, 168.941 0, 150.909 0 mussarnosidic acid
8 5.85 Cy5Hy0q -0.518 3451178 327.233 6, 209.066 2, 183.018 8, 138.913 4 aucubin
9 591 CyH;300y, -0.353 461.1652 414.850 1,315.147 4,297.174 6, 160.918 2, 134.832 0  decaffeoylacteoside
10 7.62  CysHpOp 0.652 299.149 1 281.0150,254.972 3,219.104 5, 183.052 7, 169.025 8,  frehmaglutoside B
139.014 3, 120.890 7
11 7.73  CyHypOyy -1.532 637.2329 619,2579,491.302 8, 473.129 3, 439.237 5,305.109 8  kanokoside C
12 7.93 C7H303 1.453 443.1773 399.225 3, 357.286 6, 236.890 2 AN
13 7.93  CpH305 -0.449 549.1812 517.2512,387.145 0, 284.806 9, 225.257 8,207.010 6,  genipin-gentiobioside/
178.8522 genameside C
14 822 CyHyO0p3 0.283 487.1449 451.1554,325.119 1,307.115 5, 178.978 3 cistanoside F
15 8.96 C;9H3409 0.077 4052119 387.1857,369.277 1, 305.411 6, 243.198 2, 194.937 7, oxyrehmaionoside B
151.042 3
16 9.06 CpH;360y; 0.242 507.207 3 447.200 8, 341.082 4, 327.096 3, 219.098 5, 178.936 2 K40l
17 9.11 Cy5HpO:s 1.482 283.154 4 265.059 1,203.045 8, 183.045 8, 138.938 8,98.8832  sec-hydroxyaeginetic acid
18 9.23  CgHgOy4 5.297 167.034 8 151.820 8, 122.891 2, 107.864 9 vanillic acid”
19 9.27 Cy4Hy0g 0.594 313.090 0 294.904 9,269.228 8,229.825 1, 166.894 5, 151.932 4, rhamnopyranosy! vanilloyl
122.882 6
20 9.28 CyH30p, 0.710 475.180 0 329.1124,311.073 5, 160.944 3, 142.915 1 darendoside B
21 9.63 C;6Hy04 -0.099 345.154 4 301.166 0,285.1249,225.102 1, 178.884 4, 164.903 0 rehmapicroside
22 9.71  C17Hy6040 -0.317 389.144 1 371.9941,317.308 3,227.049 5, 160.872 5 loganin
23 10.14  Cy5Hy09 0.004 343.1024 299.234 5,263.227 8, 196.926 0, 182.023 2 syringic acid-4-0-a-L-
rhamnoside
24 1040 CpH30p3 0.385 501.160 5 483.3314,356.974 2,336.764 6,259.107 8, 193.028 5, sibirioside B
178.0350
25 10.72  Cy;Hp0y 0.202 403.123 7 371.0452,327.1352,241.012 7,222.929 3, 1389178 K40
26 1112 C35Hy5049 -1.082 785.249 0 665.229 2, 623.326 5, 461.176 6, 341.230 1 echinacoside”
27 11.15  CyoH;60;5 4,965 183.102 5 138.900 8, 123.003 1, 95.064 0 rehmapicrogenin
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28 1151  Cs6Has0y9 -0.863 799.264 8 637.303 5, 623.174 4, 605.229 1,461.328 9,307.056 2 jionoside A1/A2
29 11.65 Cy9Hp0y 0.690 415.160 2 344.308 2, 293.033 3, 252.836 9,221.012 8, 190.963 2,  2-phenylethyl-O-B-D-
178.690 8, 148.891 7 xylopyranosyl-(1—6)-
B-D-glucopyranoside
30 11.73 CyoH3,04 0.118 387.2014 207.022 2, 178.884 8, 160.934 2, 142.956 2 rehmaionoside C
31 11.89  CyH;6046 -0.111 639.1919 621.2310,529.1910, 459.167 1, 323.051 3,246.759 2, B-hydroxyacteoside
179.049 5
32 11.95 Cs5HysOp9 0.227 769.255 1 623.304 8, 605.318 1, 461.093 4, 323.150 5 jionoside E
33 12.02  Cs6Has0y -1.164 799.264 6 623.184 8, 605.439 3,461.235 1, 315.274 5 jlonoside A1/A2
34 1220 C;HyuO04 0.181 685.234 0 599.284 6, 523.372 4,387.380 7, 353.185 5 A
35 1226 C36Hu0y -0.025 799.2659 637.320 7, 623.297 2, 605.107 3, 475.255 8,275.068 7 cistanoside A
36 1241 CyH;3c046 0.280 639.1921 621.1349,529.226 4,459.209 8, 323.113 3 B-hydroxyacteoside
37 1246 CyH;60 1.579 431.2282 371.1549,303.103 2, 178.858 0 neo-rehmannioside/
frehmaglutoside H
38 1254 CyHgOu ~0.504  813.2808 795.140 0, 637.304 9, 619.210 4, 491362 4, 347.497 1 jionoside B1/B2
39 1258 CypHz00p, 1.282 497.166 0 479.244 8, 335.127 0, 317.023 0, 166.861 4, 151.988 5 6-O-vanilloylajugol
40 12.72 CysH30043 0.936 537.160 8 337.1343,295.0212,216.8819,192.9150, 174.946 8  6-O-feruloylcatalpol
41 12.81 CsHyOys -0.098 673.233 8 527.1339,389.068 5 rehmaglutoside C
42 12.87 C3Hy043 0.591 613.2858 495.2880,347.113 5 6-0O-seco-hydroxyaeginetoyl
ajugol/rehmaglutoside J/
rehmaglutoside H
43 13.01 C;37Hs500y —0.504 813.2808 637.278 6,619.210 1, 473.206 0, 353.007 8 jionoside B1/B2
44 13.10 CyH;s05 -0.524 623.1967 477.324 8,461.129 7, 443.326 8,315.197 6,179.000 5 verbascoside”
45 1331 CyoH(0O4 5.049 193.050 5 177.889 8, 148.954 4, 133.888 6 ferulic acid”
46 1342 CyH;3605 0.455 623.1973 477.2550,461.124 8, 443.324 6,315.054 6,297.244 3 isoverbascoside”
47  13.50 Cy3H304, —0.629 497.1650 479.234 9, 335.155 5, 272.244 0, 166.939 6, 151.889 7 6-O-vanilloylajugol
48 13.53  CyH;0y, 0.567 509.1659 465.304 0, 347.303 5,216.987 4,178.8479, 160.911 6  6-O-E-caffeoyajugol
49 13.62 CyH3013 1.352 549.161 0 505.292 4,337.124 9, 234.909 9 dunnisinoside
50 13.69 CyH36045 —0.620 623.196 7 477.2170,461.187 7,315.184 0, 251.060 2 isoverbascoside
51 13.72 CyH3409 -0.347 429.2118 411.116 0, 303.106 5, 267.069 5, 231.013 9, 205.066 6,  jiocarotenoside A1/A2
142.929 5
52 13.82 CyH;c05 -0.043 623.197 0 477.2220,461.193 9, 315.153 0 isoverbascoside
53 13.87 Cs6HscOys -0.232 759.3432 579.1303,429.222 0,411.233 9, 347.085 0, 249.183 5 rehmaglutoside I
54 14.08 CyHyOs ~0.654 6372123 491.144 1,475.189 2, 461.071 5, 443.235 4 jionoside D/
leucosceptoside A
55 1446 CyH;0q 1.042 493.171 5 331.1069, 313.123 7, 162.927 2 harpagoside”
56 1446 C;H;3s046 0.043 665.207 6 623.242 1,503.203 1,461.152 0, 443.291 3,315.118 9 2'-acetylacteoside
57 1471 CyH;36043 -2.867 591.204 4 523.2652,445.123 9, 391.097 2,299.120 8 jionoside C
58 1473 CyHypOp ~0.999  523.1805 508.2429,479.136 4, 361.100 2, 343.164 3,299.182 6, 6-O-feruloylajugol
192.924 3
59 1481 CsH3s05 -0.371 637.2125 491.207 8,461.2559, 443.222 0, 192.963 5 jionoside D/
leucosceptoside A
60 1487 C30H35044 -0.213 621.2177 475.283 5,445.282 3,427.256 9, 391.182 9, 192.958 1, nigroside I/Il
174.956 3
61 1499 CyH;305 1.732 413.2177 395.170 6, 313.306 2, 267.270 4, 249.120 4, 186.990 3,  aeginetic acid 5-O-p-D-
144.920 4 quinovoside
62 1520 C5HyOys 0.358 651.228 5 623.237 8, 505.248 4, 475.244 0, 457.275 0,265.114 6 martynoside/isomer
63 1544 C;5HyOs —0.118 651.228 3 505.1851,475.154 6, 193.059 7 martynoside/isomer
64 1587 C3HyOys 0.159 651.228 5 505.240 1,475.210 0, 192.892 4 martynoside/isomer
65 1631 C5HyOys 0.066 651.228 4 633.377 6,505.1719, 475.294 3,457.138 5 martynoside/isomer
66 16.53 CyHyOyg -0.325 535.253 6 373.236 0, 355.223 8, 265.068 8, 205.025 7, 162.834 0 frehmaglutoside C/isomer
67 16.68 C3HyOy, 0.062 597290 6 579.240 1, 393.060 5, 346.930 7, 249.151 3 rehmaglutoside F
68 1739 CyHyOyo -0.213 535.2537 491.4195,355.272 8,307.056 9, 187.050 4, 162.898 6  frehmaglutoside C/isomer
69 17.87 C3HyOg -4.702 507.2717 415.3779,279.1420,227.061 7, 152.917 7 A0
70 18.15 Cy5HyOs 1.177  285.0397 264.8475,257.059 2, 228.994 1, 184.957 8, 150.900 3, kaempferol*
106.889 2
71 1951 CsoHyg0; -0.042 455.3519 434.917 8, 407.358 4,339.172 3,307.363 3, 192.913 3 ursolic acid/oleanolic acid
72 2001 Cs0HyO; 0.503 453.336 6 433.1125,407.353 9, 386.939 1 oleanonic acid
73 20.83 CyHsqO,4 0.449 453.3940 435.4591,391.4753 AN
R B A

#Confirmed with reference components
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