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ABSTRACT: AIM To establish an ultra performance liquid chromatography/electrospray ionization quadrupole
time-of-flight tandem mass spectrometry ( UPLC/ESI-Q-TOF MS) method for analyzing the chemical constituents in
fresh, dried and prepared Rehmanniae Radix. METHODS The analysis was carried out on an Agilent ZORBAX
SB-C,g column (4.6 mm x 100 mm, 1.8 wm), mobile phase was 0. 1% formic acid solution-methanol with gradi-
ent elution, column temperature was maintained at 40 °C, flow rate was 0.3 mlL/min, and injection volume was
2 pL. RESULTS Total twenty-six chemical constituents were identified, including twelve iridoid glycosides,
eight phenylethanoid glycosides, three nucleosides, two organic acids, and one ionone. Catalpol, leonuride and
verbascoside were the main constituents in fresh and dried Radix Rehmannia, whose contents were low in prepared
Rehmanniae Radix. The content of rehmannioside D was high in three processed products, which was relatively sta-
ble. CONCLUSION This method can provide the scientific evidence for controlling the quality of Rehmanniae
Radix.

KEY WORDS:; fresh Rehmanniae Radix; dried Rehmanniae Radix; prepared Rehmanniae Radix; chemical con-
stituents ; UPLC/ESI-Q-TOF MS
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HE HZ S RME Y LB Rehmannia glutinosa Li-
bosch. [T fif 5 TR BN, FEAATE 3 MIE R,
SRR R B E . Hod, S
BOORT ., v, PE%E, BAWEMCER. Bum. ki
Rk, FEM TR RIRET . HEE0E . IR
DESEAIE ;AR B AL R B AR R T AL,
FETRITIRAGE ML, mhiln . RS . B M & A
UE; Pt a itk FE5R, R, BA BT
M, fkHERER IR, FEM TR MMEZED ., O
PEIEMD . A AR, SCHRGE, Hhd F2EE5F
S BB TR | RO mEED | r s
SR, ELAR T AR 4 | Pk
R R

it CWE T EE T AR | P Y ke
YRRl o ARSI SR R v OO (5,1 5 55/ 1
P 6 AT I ) A BB BT 1% 356 ) ( UPLC/ESI-Q-TOF
MS) $AR, W RS, AW TET.
TR B AR B DL BRGSOk, e i 26
iy, 4G 12 DB 8 IR SEET
3L 2 AR 1AL A,

1 HFERG

T RO 35 (145 Waters ACQUITY —
T AShUERERS . fERBHL. HEIRAS . MassL-
ynx (5% TAESS) | H3 855 HR I DU - AT I [1) J5it
AL (SEE Waters 240 F] ) 5 Milli-Q 4i/kK RG%E (EHE
Millipore /3] ) ;3 SB25-12 DTN #875 i ess . SCI-
ENTZ-10N ¥ R PHAL (7 00 2B RHECA R
Al); TGL-16C B & X Ol (iR 52 B4
7)) XS205 T 42— AL204 T4y — T
K (Fi+ Mettler-Toledo 23 &) ; ACS-30 A1, T-it
WAt (BRI A ABRA T ) 5 DHGO145A HifA
fEIRS T R4 (Bl —HR A IR A ) o
Il ikl (3 Sigma-Aldrich 247]) 5 HRA
@ikal (3&[ Mreda AH]) .

fif BT 2014 4FRR HHON, @REPEZR
FARRAE R B S E N LS Y M B Rehmannia
glutinosa Libosch AR, B (45 20140105)
W 15 20 8 5L TR A FR A v
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AR 5 BRI (b R R 2 A E S
Be)s mtJe F i (1)1 48 4 v A A U FH A BR
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Fig.1 Curve of weight change

2.2 BER&ERS A R E PRI R (TR
T A, B EOHROR (i 100 Hf) 0.5 g,
HT 10 mL B, A 50% HEEiG e, @5 (T
500 W) 30 min, R EER, 50% HEER, #
A7, 14 000 r/min B.0> 10 min, B 1 mL F{ERE T
2 mL BT, IKMREESS, #55), RfS.
2.3 sTRSGERA G ORERBER. S IR
T Be Y . BAAERET . R EREAART 5
JEFAF . HIETY D, M CL AR RkE . B4
XGRS, 0 E T 10 mL S )firh, 5 DM-
SO ¥k, WEESR, M4, #FPCdER#E T 10 mL
W, WEEER, #, WG (i s o5l
N 40.24 0 43.92 87.20, 21.28, 10.68., 10.64
16. 14 20.96, 20.68, 20.72, 22.44 pg/mL),
2.4 & LM Agilent Zorbax SB-C {0 ji% £
(4.6 mm x 100 mm, 1.8 pum); FahHH 0. 1% H R
KW (A) -HEE (B), BEBES (0 ~7 min,
1% —22% B; 7 ~9 min, 22% —25% B; 9 ~
16 min, 25% —44% B; 16 ~20 min, 44% —55%
B; 20 ~ 30 min, 55% —80% B; 30 ~ 31 min,
80% —99% B) ; F140 C; FAFR L 0. 3 mL/min;
R 2 pl,
2.5 MS#m &4 Xevo G2-S ESI BETH, E
TEA; BAEHE -2.0 kV; HEfLHE 40 V;
AMERLE 80 V; BRI EE 100 °C 5 BV R IR BT
450 C; HESLR 50 L/hy B0 800 L/hy BT
L m /2 100 ~ 1 500, #IE 5 28R -l Ak
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[M+H]"556.277 1, [ M-H] 554.261 5, HREY, 14, 16, 17, 19, 21, 22, 23, 25
3 £R HARTETTRALEGY, 3.5, 6 METRIMLED,

TR A, GaMETIT . SOOI 1 20 BEHLIREA A, 24 B WAL
B R B MARSEICHR, A 26 MEaYr, L B, BRI 1. UPLC/ESI-Q-TOF MS A 3% 5] I
d, g2 4, 7 ~13, 15, 18, 26 FIMEEERE &2,

Rl UEMSATER

Tab.1 Analysis results of chemical constituents

[M-H] = m/z
THME MR W

P ty/min s TR B A B LR

173.008 8 [ M-H-H,0] ~.129.018 6 [ M-H-CO,-H,0] ",
1 5.846 191.0193 191.0192 0.5 CH50, + + + T
111.008 0 [ M-H-C0,-2H,0] -

.
2 5.906 363.1294 363.1291 0.8 201.076 6 [ M-H-Gle] = \171.066 2 [ M-H-Gle-CH,0] - CsHy0 - + - m;[ik_m,
3 6.452 243.0623 243.0617 2.5 111.019 8 [M-H-Rib] - CoHpN O+ + + ¥
4" 6.870 361.1144 361.1135 2.5 199.061 3 [ M-H-Glc] = 169.050 5 [ M-H-Gle-CH,0] - CisHy0p  + + + fodis
5% 7.379 266.088 8 266.0889 -0.4  134.046 7 [ M-H-Rib] ~ CioHisNsO, — + + + ity
6% 7.584 282.0841 282.0838 1.1  150.0417 [M-H-Rib] - CioHi3NsOs + + + B
78209 523.1663 523.1663 0.0 323.097 7 [ M-H-HHC] ~ .199.060 6 [ M-H-DDP] ~ CyHy05  + + — gy AL1416]
8% 8.659 345.1182 345.1186 —1.2  183.065 5 [M-H-Glc] ~.165.054 5 [ M-H-Glc-H,0] ~ CsHy09 4 + - PR T
9% 8755 685.2207 685.2191 2.3  505.156 4 [ M-H-Gle-H,0] ~.179.055 6 [ M-H-TPT] ~ CyHpOyp  + + + WFHF D

[
[
[
[
[
[
[
[
[
[
[
[

199.060 3 [ M-H-Gle] ~.179.055 0 [ M-H-PD] ~,
10 8.829 361.1125 361.1135 -2.8 CisHp0yp  + + + Mgl
161.044 1 [ M-H-PT] -
11% 9.099 523.166 1 523.1663 0.4  463.146 4 [M-H-ED] = 343.102 4 [ M-H-Gle-H,0] - CyHypO0s 4 + + Cviloa:s
12 10.437 509.1879 509.1870 1.8  449.167 2 [M-H-ED] ~.179.055 5 [ M-H-HTP] ~ CyH01 4 + + HHAT C
13% 11.140 347.1335 347.1342 -2.0  329.1227 [M-H-H,0] = 167.070 4 [ M-H-Gle-H,0] ~ C1sHaq0, + + + FRaa- Nt
decaffeoyl-
14 11.544 461.1655 461.1659 -0.9  161.043 1 [ M-H-DMP] ~.135.043 5 [ M-H-MTP] - CyH301p  + + +
verbascoside 819
- , 8 - KEA
15 12,627 375.1281 375.1291 -2.7  213.075 6 [ M-H-Gle] ~.169. 085 7 [ M-H-Glc-CO, | CieHu0r  + + + e
PRI C/
16 16.196 785.2512 785.2504 1.0 623.219 6 [ M-H-Caffeoyl] ~ 161.024 2 [ M-H-DPT] - CisHyg02  + + + o]
PARHTF
P C/
17 16.696 785.2497 785.2504 -0.9  623.219 3 [ M-H-Caffeoyl] ~,161.023 7 [ M-H-DPT] - CasHagOg -+ 4 4 e [19]
AR
18% 16.849 387.1294 387.1291 0.8 225.076 4 [M-H-Gle] - CiHp0pp  + + + T H
BT
19 17.647 799.2656 799.266 1 0.6  769.254 8 [ M-H-CH,0] = 623.214 7 [ M-H-feruloyl] ~ CyHyg0rp  + + + A1l

183.104 9 [ M-H-Gle ]~ 179.055 9 [ M-H-TDA ] -, ]
20 17.918 345.1551 345.1549 0.6 C 6Hy05  + + o Mg
165.091 8 [ M-H-Gle-H,0] -

21 19.008 623.1978 623.1976 0.3  461.165 9 [ M-H-Caffeoyl ] ~ \161.024 4 [ M-H-MPT] ~ CyoHse015  + + + EEP¥ida i
FEH T

22 19.674 813.279 1 813.2817 -3.2  637.232 0 [ M-H-Feruloyl] = .175.039 3 [ M-H-DMH] ~ CyHs5000  + + +
’ B1/B2[1%:22]
23* 20.291 623.198 1 623.1976 0.8  461.1661 [ M-H-Caffeoyl ] ~,161.024 1 [ M-H-MPT] - CoHsc0is  + + + SRR
] Hit e

24 22.004 389.2175 389.2175 0.0 435.223 0 [ M-H +HCOOH] - CyoH3408 + + +
# A/BL1)
475.181 8 [ M-H-Feruloyl ] = ,193.049 4 [ M-H-HMP] - o B/

25 22,955 651.2302 651.2289 2.0 C3HyOis + + +
175.039 1 [ M-H-HMP-H,0] - Fppl10.22]

1106



2016 4E 5 H ok 2 May 2016

38K HSH Chinese Traditional Patent Medicine Vol. 38 No. 5
Sk
. [M-H] ™~ m/z . — - . .
FF5 tgp/min - #MS? AR S AR PUbiE RS
TN Tl me s § v
6-0-E-fn 83 it
26 23.500 5231805 523.1816 -2.1 193.049 8 [M-H-HTP] = 175.039 6 [ M-H-HTP-H,0]~  CosHyOp 4+
A e (2]
27  24.404 591.2067 591.2078 -1.9 429.174 3.161.023 9.113.023 7 CyoH360 5 + + + A5

e = FoR XL, + Fonaiig], - FoR AR R,

Glc = glucose; Rib =ribose; DDP =4, 5-dihydroxy-6-( ( (3, 4, 5-trihydroxy-6- ( hydroxymethyl) tetrahydro-2H-pyran-2-yl) oxy) methyl) dihydro-2H-
pyran-3 (4H) -one;

DMH =2-( ((2R, 3R, 4R, 5R, 6R) -3, 5-dihydroxy-2- (3-hydroxy-4-methoxyphenethoxy) -6-( ( (3, 4, 5-trihydroxy-6- ( hydroxymethyl) tetra-
hydro-2H-pyran-2-yl) oxy) methyl) tetrahydro-2H-pyran-4-yl) oxy) -6-methyltetrahydro-2H-pyran-3, 4, 5-triol;

DMP =2- (3, 4-dihydroxyphenethoxy) -6-methyltetrahydro-2H-pyran-3, 4, 5-triol;

DPT =2-(((2R, 3R, 4R, 5R, 6R) -6- (3, 4-dihydroxyphenethoxy) -3, 5-dihydroxy4- ( (3, 4, 5-trihydroxy-6-methyltetrahydro-2H-pyran-2-
yl) oxy) tetrahydro-2H-pyran-2-yl) methoxy) -6- (hydroxymethyl) tetrahydro-2H-pyran-3, 4, 5-triol;

ED = ethene-1, 2-diol;

HHC =1a- (hydroxymethyl) -la, 1B, 2, 5a, 6, 6a-hexahydrooxireno [2', 3': 4, 5] cyclopenta [1, 2-c] pyran-2, 6-diol;

HMP =2-(((2R, 3R, 4R) -3-hydroxy-2- (2-hydroxy-3-methoxyphenethoxy) -6- (hydroxymethyl) -3, 4-dihydro-2H-pyran-4-yl) oxy) -6-methyl-
tetrahydro-2 H-pyran-3, 4, 5-triol;

HTP =2- ( (7-hydroxy-7-methyl-1, 6, 7, 7a-tetrahydrocyclopenta [¢] pyran-1-yl) oxy) -6- (hydroxymethyl) tetrahydro-2H-pyran-3, 4, 5-triol;
MPT =2- ( (2- (3, 4-dihydroxyphenethoxy) -3, 5-dihydroxy-6- (hydroxymethyl) tetrahydro-2H-pyran4-yl) oxy) -6-methyltetrahydro-2H-pyran-3,
4, 5-triol;

MTP =6-methyl-4- ( (3, 4, 5-trihydroxy-6- (hydroxymethyl) tetrahydro-2H-pyran-2-yl) oxy) tetrahydro-2H-pyran-2, 3, 5-triol;

PD =7- (hydroxymethyl) 4a, 5-dihydrocyclopenta [ ¢] pyran4a, 5-diol; PT =7- (hydroxymethyl) -1, 4a, 5, 7a-tetrahydrocyclopenta [ c ]
pyran-1, 4a, 5-triol;

TDA =2, 6, 6-trimethylcyclohexa-1, 3-dienecarboxylic acid;

TPT =2- ( (4, 5-dihydroxy-2- ( (5-hydroxy-7- (hydroxymethyl) -4a, 5-dihydrocyclopenta [ c¢] pyran4a-yl) oxy) -6- (hydroxymethyl) tetra-
hydro-2H-pyran-3-yl) oxy) -6- (hydroxymethyl) tetrahydro-2H-pyran-3, 4, 5-triol
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