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ABSTRACT: AIM To identify the in vivo metabolites of fresh Rehmanniae Radix in blood heat and hemorrhage
model rats. METHODS Sixteen rats were randomly divided into two groups and given intragastric administration
of normal saline and fresh Rehmanniae Radix extract, respectively, after which ultra-high-performance liquid
chromatography coupled with linear ion trap-tandem electrostatic field orbital high-resolution mass spectrometry
(UHPLC-LTQ-Orbitrap-MS/MS) was adopted in the identification of prototypical components and metabolites in
serum, urine and tissues ( heart, liver, spleen, lung, kidney, small intestine). RESULTS Total 51 constituents
were identified, including 6 prototypical components and 45 metabolites. In the serum, urine, heart, liver, spleen,
lung, kidney, small intestine, 5, 6, 1, 1, 1, 1, 1, 1, 1, 4 prototypical components and 9, 30, 8, 11, 5, 4, 6,
11 metabolites were identified, respectively. Fresh Rehmanniae Radix was metabolized by pathways such as
dehydrogenation, reduction, dehydration, methylation and glucuronidation. CONCLUSION  Fresh Rehmanniae
Radix occurrs phase 1 and phase Il metabolisms in blood heat and hemorrhage model rats in vivo, the metabolites
are widely distributed in various main organs, which can provide basis for the research on pharmacodynamic

material basis and action mechanisms of this medicinal material.
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Tab.1 Mass spectrometry information and distribution of chemical constituents of fresh Rehmanniae Radix

el ik R tp/min EEEEL B mz T mz 8(x1076) “YFRET m/z v
1 PR CisHy050 3.87 [M+NH,]* 380.1551 380.1540  -2.89  345.117 0,327. 106 5,309. 096 1,267. 085 5 ab
2 PSR CisHypOy 4002 [M+NH,]® 380.1551 380.1536  -3.95  345.116 7,327. 106 3,309. 095 8.,267. 085 3 a.b
3 HRTA CiHpu0yp 978 [M+H]*  389.1442 389.1452 2.57  371.256 9.353.246 5,335.235 9 317.225 4 b.h
4 AR CuHy0, 10.52 [M+NH,]* 318.1547 318.1550 0.94 300. 288 7,147.387 4,139.971 5 ab.c.d.ef.g.h
5 WEEP AR A CoHy0p 1452 [M+H]* 3912326 391.2324  -0.51  373.2724,355.262 0,337.251 6 211.766 4 a.b.h
6  HEEP B CoHy0p 14.55  [M+H]* 391.2326 391.2324  -0.51  373.2724.355.261 9 337.251 4 211.219 0 a.b.h
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3.3.1 ¥l

JEUEE 8 AR Y, Al T

WKW o AF R B, ERAUSE L

K2,

EY 1 RERE, PREAESEY 3. 87 min, #E4)
T8 7§ m/z 380.154 0 [M+NH, ", 0 7=
CsHy,0,, ZHURHERE BT m/z 345.117 0 [ M+
NH,-NH,-H,0]" . 327.106 5 [ M+NH,-NH,-2H,0]" .
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Fig.1 Total ion current chromatograms of the administration group
309.096 1 [ M+NH,-NH,-3H,0]*, 267.085 5 [ M+ M4 51 B Tl m/z 218.102 6 [ M+NH, "
NH,-NH,-3H,0-C,H,0]", 5% M F%4 . AN 3 F i LA A 4 120 162 Da (CgH,,05),
M21 #E4F F 55 F W m/z 377.144 2 [M+H]*,  “ZHHMEFER BT m/z 201.086 2 [ M+NH,-NH, |
HAAX > b 5% 1 £ 14 Da (0-2H), = 183.0756 [M+NH,-NH,-H,0]", 230k [12]
WAFERE T B T m/z 205.096 1 [ M+H-C,H,0, 1", i, #ENCAREEEH T,
359.133 7 [M+H-H,0]", 349.127 0 [M+H-CO]", M6, MI1, MI2, MI16 ¥4 T & T & m/z
341.123 1 [M+H-2H,0]", ZM3CHk [6] A, 182.080 4 [ M+ NH,]", 217.070 2 [M+H]"
I K B AL SRR 232.117 5 [M+NH,]*, 220.117 1 [M+NH,]*, %
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Tab.2 Mass spectrometry information and distribution of metabolites of fresh Rehmanniae Radix
s (%57 sr tp/min - FFEEX HRE mz TEmz  §(x10°)  ZHEREF m/z o R
M1 BT CoH,,0, 2.00 [M+Na]* 209.0784  209.079 0 2.87  191.044 3.163.086 1, b C

145.089 9
M2 AR R CeH,0, 2.21 [M+NH,]* 1520706 1520700  =3.95  134.042 8.106.064 7 b G
M3 HEBR AN KAERE €y H sNOg 2.67 [M+NH,]* 273.1081 273.1070  -4.03  198.4782,179.826 5, b A
e 151.2752.75. 1259
M4 FEEIE T CoH,,05 2.74 [M+NH,]* 218.1023  218.102 6 .38 201.0862,183.075 6 A
M5 T CoH 50, 3.20 [M+NH,]* 202.1073  202.107 4 0.50  184.067 8.156. 1123 B
M6 K FERE T CoHg0, 3.27 [M+NH,]* 1820812 182.0804  -4.40  165.054 0,147.043 4, a.b A
137.051 5
M7 WHERR CoHg0, 3.29  [M#+Na]* 203.0315 203.0321 2.96  158.643 4.131.000 6 d G
M8 ZEALBEH I L CoHoNO 3.48 [M+NH,]" 165.1022  165.102 6 242 147.0432.119.048 4 B
M9 HEmIAMZEGZRR € H N0, 3.58 [M+NH,]* 229.1547  229.1537 -4.37  211.106 9.183.112 1, b C
HHIC 75.380 8
M10 i Stk nt- S C15Hp04 4.32 [M+Na]* 353.1207 353.1219 3.40  183.3127.203.146 1, b B
173. 146 4
M1 SRR T CoH 1,04 4.84  [M+H]* 217.0707  217.0702 -2.30  199.106 9.181.168 6, b A
171. 112 1
MI12 HEEGRERET T CyoH,405 491 [M+NH,]* 232.1179  232.1175 -1.72  215.101 8.197.091 2, b A
179.215 4
MI3 FRiHEE R SR CyHa50, 5.00 [M+Na]® 413.2662  413.2652 -2.42  257.602 3.158.026 4 b G
o 147.333 5
M14 AR SR C1H 606 5.27 [M+NH,]* 298.1285 298.128 1 -1.34  280.117 4.262.106 7 h F
MI15 At e 4 €7 Hpu0,, 535  [M+H]* 403.1235  403.1228 -1.74  385.1844.367.174 0, b.h
204.777 5
M16 A fbFEEET T CoH 405 5.38 [M+NH,]* 220.1179  220.117 1 -3.64  203.1067,185.096 2, b.c.g A
167.085 5
M17 BBk S T CoH 00, 5.75  [M+Na]* 205.0471 205.0462  -4.39  186.9520,159.0908, a.c.d.ef.gh B
146. 059 3
M18 MEFEHEAS BRI T CoH 40,4 5.78 [M+NH,]" 188.1281  188.1273 -4.26  170.059 1,142.064 4 a.d.h C
MI19 KEAERBMIMEBEEE  C\Hy 04 5.94  [M+Na]* 339.1050  339.106 1 3.24  321.078 6,177.167 3, b G
F¥iaiaes 159.027 8
M20 HERIMERIELE  C\oHNO, 5.97  [M+H]* 208.0604  208.059 6 -3.85  133.9612.190.049 1, b G
162. 054 3
M21 A F AR CisHy0q, 6.00 [M+H]* 377.1442 377.1442 0 205.096 1,359.133 7, b.c.d.g A
349.1270.341. 123 1
M22 EAfemmf s e € H S0, 6.12 [M+NH,]* 340.0697  340.068 8 -2.65  322.091 1,304.080 6, b D
HIT 286.070 7
M23 IR CgH 005 6.37 [M+NH,]* 172.0968  172.096 I -4.07  154.085 5.126.090 8 b G
M24 MU BN C30H3505 6.74 [M+Na]* 661.2103  661.210 1 -0.30  643.3378.515.151 4 h G
M25 S RIb S bk CyyH N0 7.41 [M+NH,]* 466.3123  466.3145 472 314.3373.132.968 6, d E
) 448.303 9.430.293 3,
412.2829
M26 MR ZFRAEAMEE  C H 04 747 [M+H]* 2311227 2311234 3.03  213.0649.185.070 1 b E
T
M27 BRRAL EALIMERR CoH (S0, 7.69 [M+Na]* 285.0039  285.004 6 2.46  257.0796.,177.342 4 b G
M28 b C16Ha504 7.88  [M+H]* 349.1493  349.148 1 -3.44  331.2256.313.215 1, E
295.204 7
M29 FEEAL B S C6H0404 8.54 [M+H]* 361.1493  361.149 8 1.39  343.1893.315.194 4, b.g B
297.1839.279.173 3
M30 FUIEMLERRILRIERERE  CoH (5S04 8.67 [M+Na]* 271.0247 271.0259 4.43  253.048 6,243.064 3, b G
225.053 7,145.027 7
M31 HEMLEERR  C6H 50y 8.73  [M+Na]®* 393.0792 393.0780  -3.05  338.6709.310.953 6, af G
AR 198.971 7
M32 B R AL IR CoHgS0, 8.95 [M+H]* 261.0063  261.007 5 4.60  243.1377.225.126 6, b G

163.074 6

1461



2026 45 H HoR 2 May 2026
a8 S Chinese Traditional Patent Medicine Vol. 48 No. 5
)
2 &Y AR tp/min - BEFRR IS m/z EMEmz 8(x107°) ZHWREF m/z Eaxiil L3
M33 F LB R Tk o CyoH,80; 10.36  [M+H]* 275.0220  275.0232 4.36 257.265 8.176. 699 5 ab.d.g G
M34 HUECRARIERRE  CsHy0, 10.64 [M+Na]® 362.1446 362.1445  -0.28 344.314 7.185.994 4 bedefh G
H g
M35 G HARLEY Ci7H2049 10.81 [M+NH,]* 406.1708  406.171 0 0.49 211.707 8,388.252 2 b.d.g D
M36 AR R AERE  C4H50, 10.97 [M+H]* 331.1024  331.1035 3.32 313.215 1,295.204 7 b G
M37 FFREEEABE AR Cylag0, 175 [M+H]* 373.2737 373.2721  -4.29 256.265 9.,355.261 7, a.c.e.h G
B 337.2512
M38 MR R EMEE 40, 11.78  [M+Na]* 355.1000  355.1015 4.23 337.252 0,309.599 2, c¢.h G
e 133.092 9
M39 MRS R FL MMM R CysH0 40 12,50 [M+H]* 357.0816  357.0823 1.96 181. 121 3,339.267 1, a.b.h G
321.256 6
M40 %A e T Cy6H2040 12.54  [M+H]* 375.1286  375.1279  -1.87 357.227 4.339.267 1, b D
176.716 9
M41 BRFR L B e CgH (S04 12.57 [M+Na]* 257.0090  257.0080  —-3.89 239.069 9,210.899 5, c G
81.458 8
M42 EHEAAFRBEEE  CheHygOs 12.83 [M+NH,]* 450.3214  450.322 1 1.56 256.411 8 432.308 7, a.d.h D
KIS T 414,298 4
M43 e B ALK AEBE  C,H;NSOg 1290 [M+Na]* 326.0669  326.066 4  -1.53 205.194 5 e A
i

M44 - fie Kk k- S

M45 AT ST CpoH34045 14.74  [M+H]*

C1sH004 14.48 [M+NH,]* 346.149 6

623.197 0

346.147 9 -4.91 328.3203.284.294 1,
266.010 6

605. 305 4.,449. 187 3 d G

c.d.ef.h B

623.195 0 -3.21

T a~h 5000 PRI, O BF B WL B M, A~ G MR

OH

7 o
HQ O~ OH OH
O OH

HO, o] »
ﬁ} o F Vo _em g LYo
HO™ ™ 7

Ho© OH OH

FERE C1sHy0)0 M4 CgH 105 40 +CH, MI6 CoH, 405
¢-2H+O 2H,0

OH 2 -
P oH [0 o | oH |*CH:
‘0 -~ ) z
HO (CQ( o o 7 .
Ho. 5 OH CCQ( CQQ( [ ©
5 OH : OH Y

S OH oM oH OH
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E2 HEBEERiRE

Fig. 2 Main metabolic pathways of catalpol
I M4 7 36 Da (2H,0) ., £ 16 Da (0) . £ 14
Da (CH,)., £2 Da (2H), H, M6 Z 24k
MR B T m/z 165.054 0 [ M + NH,-NH, ]*,
147.043 4 [ M+NH,-NH,-H,0]", 137.051 5 [M+
NH,-NH,-CO]*, MI11 — % 4% 1E i B+ m/z
199.106 9 [ M + H-H,0]", 181.168 6 [ M + H-
2H,0]%, 171.112 1 [ M+H-H,0-CO]*, M12 —%
FEAE WE B 1 m/z 215.101 8 [ M+ NH,-NH, ]* .
197.091 2 [ M+NH,-NH,-H,0]*, 179.215 4 [ M+
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