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Abstract: Objective To compare the chemical profiles of Shudihuang (Rehmanniae Radix Praeparata, RRP) processed by steaming
(RRP-S) and wine-stewing (RRP-W) documented in China Pharmacopeia. Methods HPLC-PDA, HPLC-ELSD and HPGPC-ELSD
based glycomics and UPLC-QTOF-MS/MS based metabolomics were integrated to compare the glycome (polysaccharides,
oligosaccharides and free monosaccharides) and metabolome (non-sugar small molecules) respectively in RRP-S and RRP-W. Results
Compared with RRP-S, the molecular weight range of polysaccharides in RRP-W was broader, and the proportion of larger molecular
weight polysaccharides was higher. Both the polysaccharides in RRP-S and RRP-W were composed of mannose, galacturonic acid,
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glucose, galactose and arabinose, but with different molar ratios (2.57:0.05:1.00:0.87:0.10 vs 2.07:0.07:1.00:1.05:0.17).
Oligosaccharides stachyose, manninotriose and melibiose were detectable in both RRP-S and RRP-W with the content of stachyose
significantly higher in RRP-W than that in RRP-S (P < 0.01). Free monosaccharides glucose, fructose, rhamnose, mannose, galactose
and arabinose were detected in both RRP-S and RRP-W, with the contents of glucose (P < 0.01), rhamnose (P < 0.05) and mannose
(P < 0.05) significantly lower, whereas galactose higher (P < 0.05) respectively, in RRP-W than that in RRP-S. Atotal of 29 non-sugar
small molecules with significant abundance difference between RRP-W and RRP-S were identified or tentatively assigned, the
chemical types of which belonged to iridoid glycosides, phenylethanoid glycosides and furfural derivative. The quantitative
determination of the representative non-sugar small molecules showed that the contents of catalpol, leonuride and rehmannioside D
were higher in RRP-W (P < 0.01), whereas melittoside (P < 0.05) and 5-hydroxymethylfurfural (5-HMF, P < 0.01) were lower in
RRP-W, than that in RRP-S. Conclusion There is significant difference in intrinsic quality between RRP-S and RRP-W, and whether
the quality variations could obviously affect the bioactivities of RRP-S and RRP-W deserves further investigation.

Key words: Rehmanniae Radix Praeparata; steaming; wine-stewing; glycomics; metabolomics; HPLC; HPGPC; UPLC-QTOF-MS/
MS; polysaccharide; oligosaccharides; free monosaccharide; mannose; galactouronic acid; glucose; galactose; arabinose; stachyose;
mannotriose; melibiose; fructose; rhamnose; iridoid glycosides; phenylethanoid glycosides; furan aldehyde derivatives; catalpol;
leonuride; rehmannioside D; melittoside; 5-hydroxymethylfurfural
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Fig. 2 HPLC chromatograms of free monosaccharides and
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4-melibiose 5-raffinose  6-mannotriose  7-stachyose

B3 ZEHFEMmEDERELRYE HPLC B
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*1 FEFBMEMENSENSE (X+s,n=3)
Table 1 Contents of oligosaccharides in RRP-S and RRP-W
(X£s,n=3)

Jii &5 H (mg-g ™)

F f — — —
IK T3 W HE =
ZEFIHEE  7.21+0.19  70.30+4.93 428.14424.39
i EE 16.58+0.32" 61.98+0.32 398.37+20.91

MR TP<<0.01
P < 0.01 vs RRP-S
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T, FERYEHE S TR T AR AR
AERAE B8 F-U6 5 50k B R SRR R B e, R e



- 1596 » PER 2021438 #52% H6  Chinese Traditional and Herbal Drugs 2021 March Vol. 52 No. 6

A :{igig 29 NEFRIY ﬁ*%%@:&ﬁﬁ%’éﬁi% 94, HK
- BEHF IR 10 A, BRI AT A2 18] 6 AR 3).
< 3 o~ e 45 58 HY B 22 S o3 R UEE TR AR BE 4T min-max AR AL
X o I b AEFE, R AR AT T, SR T,
8 . L 2.4.6 REMRI RS
3 . (1) FIESRIE: JiRgE R (r>0.990 0,
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Fig.5 S-plot diagram of RRP-S and RRP-W in negative ion mode
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Fig. 6 BPI chromatograms of reference substance (A), RRP-S (B) and RRP-W (C) in negative ion mode
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Table 3 Differential non-sugar small molecules between RRP-S and RRP-W
5 te/min MS (m2) (jf’a) AT i MSIMS (m2) ’;;
1 189 [M—H+HCOOH] 407.1188 1.71 CisH20uw0 T [M—H—glc]~ 199.060 5 13
2 275 [M—H] 449.1297 0.81 CisH26013  5-[a-D-glucopyranosyl-(1-6)-a- [M—H—glc]  287.076 1, [M—H—glc— 13
D-glucopyranosyloxymethyl]- H.0] 269.067 1
2-furancarboxaldehyde
3 337 [M—H+HCOOH] 7312261 -1.30 CzHsOx #TF D [M—H—glc—Hz0] 505.156 2, [M—H— 13
gle—H20—CoHs03] 341.109 5
4 350 [M—H-+HCOOH] 569.1728 -0.84 CauHaO1s %4t [M—H—glc—glc—CHs0OH] 193.049 1 14
5 404 [M—H] 373.1133 193 CuH2010 HETVHE [M—H—glc]~ 211.060 5 15
6 4.08 [M—H+HCOOH] 393.1392 2.63 CisHaOo ZEEFETF [M—H—glc—H20—H0]" 149.061 8 14
7 423 [M—H] 623.219 2 0.12 CzHa0017  kankanoside F [M+Na—2H—rha—H.0] 481.132 3, [M+ 16
Na—2H—rha—H20—glc]~ 319.080 8
8 4.64 [M—H] 375.1286 285 CiH2O010 8-HBEAEIEIFE S 7ME  [M—H—glc] 213.0759, [M+Na—2H— 13
glc—CO2] 191.067 0, [M—H—glc—
CO2]" 169.084 1, [M—H—glc—CO>—
H,0] 151.076 5, [M—H—glc—CO,—
H20—CHa]~ 135.044 3
9 466 [M—H] 236.0555 399 CuHuNOs KH# [M—H—CO;] 192.064 4
10  4.75 [M—H] 461.166 1 0.76 CaoH30012 EFETH E [M+Na—2H—rha]" 337.089 4, [M+ 13
Na—2H—rha—H.0] 319.078 7
11 478 [M—H] 375.128 9 205 CisH2Ow B-RFEAEIEIFE /S FMIE  [M+Na—2H—CHs—CO2] 337.088 6, 13
[M+Na—2H—CHs—C0;—H:0]
319.078 5, [M—H—CHs—CO3]
315.105 9, [M—H—glc]~ 213.074 5,
[M+Na—2H—glc—CO2] 191.068 1,
[M—H—glc—CO2] 169.084 5, [M—
H—glc—C0,—H:0]" 151.074 6, [M—
H—glc—C0;—H20—CHa] 135.043 4
12 558 [M—H] 256.060 7 3.23 CuHuNOs K [M—H—CH0] 226.049 5, [M—H—
CH20—CH20] 196.039 2
13 6.65 [M—H] 475.1819 0.42 CaHs012 darendoside B [M+Na—2H—rha] 351.107 0, [M+ 15
Na—2H—rha—H:0]" 333.095 4
14 6.88 [M—H] 172.0395 521 CuwHNOz HH¥ -
15 7.01 [M—H] 241.118 3 4.46 CuHisN20s K14 [M—H—CO;] 197.1290
16 7.91 [M—H] 785.2519 -119 CasHaOn KT C [M—H—CoHs03] 6232203, [M+Na— 13
2H—CoHsO3—rha—H.0] 481.132 8,
[M—H—CasH38016] 179.034 5, [M—
H—CasH3s016—H20] 161.024 1
17 8.35 [M—H] 183.1018 471 CioHis0s HuEFH T [M—H—CO2]" 139.112 4 13
18 8.60 [M+Na—2H] 195.062 7 6.00 CsHuOs  REIY -
19 873 [M—H+HCOOH] 4352232 0.85 CiHOs i H A/B - 13
20 9.05 [M—H] 799.267 1 ~0.60 CasHagO2 FEHVHIR ZHEEH ALA2 [M—H—CuHsOs]” 623.218 6, [M+Na— 13

2H—C1oHsO3—rha—H.0] 481.132 2,
[M—H—CzsHz3s016] 193.049 6,
[M—H—CasH38016—H20]~ 175.039 3
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W% tefmin MS (m/2) (;ﬁfle) AT f MSIMS (m/2) i;
21 9.24 [M—H] 268.060 6 346 CisHuNOs KH4 -
22 9.64 [M—H] 799.266 6 0.02 CasHagO FEIFEH ZHEH AL/A2 [M—H—CuoHsOs] 623.216 6, [M+Na— 13
2H—C1oHs03—rha—H0] 481133 9,
[M—H—Ca6Hz3s016]~ 193.049 6, [M—
H—C26H3s016—H20]~ 175.039 0
23 971 [M—H+HCOOH] 435.2231 1.08 CisHuOs HiB{EF AIB - 13
24 10.74 [M—H] 813.283 0 —0.90 CyHsoO2 HMi# K 2 FE 1 B1/B2 [M—H—CioHsOs]™ 637.233 4, [M+Na— 13
2H—C1oHgO3—rha—H20] 495.146 7,
[M—H—Ca7H40015] 193.049 0, [M—
H—C27H40016—H20] 175.039 2,
25 11.11 [M—H] 623.198 5 —0.57 CaoHas015 - EFACHEH [M+-Na—2H—CqHeO3] 483.147 6, [M—H— 13

26 12.24 [M—H] 637.2135 0.46

27 13.03 [M—H] 651.2295

28 13.30 [M—H] 535.254 4 0.88

29 13.76 [M—H] 329.2327 196 CisHaOs

C30H3s015 leucosceptoside A

—-0.09 CaHaO15 ST

C2sHa0010 ARHIH)
pinellic acid

CoHeOs] 461.165 7, [M+Na—2H—
CoHsO3—rha—Hz0]~ 319.079 2, [M—H—
Ca0H2801]™ 179.034 5, [M—H—
CaoH28011—H20]~ 161.023 7

[M-+Na—2H—CioHsO3] 483.147 9, [M—H— 13
C1oHgO3]™ 461.169 7, [M+Na—2H—
C1oHgO3—rha—H0]~ 319.079 0, [M—H—
CaoH28011]™ 193.049 5, [M—H—C20H28011—
H20]~ 175.038 7, [M—H—CaoH30012—
(Me—H)J 161.023 1

[M+Na—2H—rha—H.0] 509.142 0, [M+ 13
Na—2H—CioHsO3] 497.160 0, [M+Na—
2H—C1oHsO3—rha]~ 351.105 8, [M+Na—
2H—C1oHs0s—rha—H,0] 333.094 2, [M—
H—CaiH0x]” 193.049 8, [M—H—
CaH3001—H20] 175.038 7

[M-+Na—2H—CsH0-H:0] 233.114 7, 17
[M—H—CsH120] 229.143 1, [M—H—
CeH120—H20] 211.132 7

PR R 73 R e v 1 i 7 330 AT S 09, 4 AR B IR
5 Tk s 7 2 B 0 FHR R S AT A 07T 2 Pt e b i
ZE IR o IS Hh B R O 25 M B Y 20.9
T, MBPEF S EARGIIER 20.7 5, BT D
FEMRE (P<0.01), {HE JJRFEF 5-HMF %
i (P<<0.05, % 5).
3 it

A ST IE L #E A 3T LC-UV/ELSD/MS FJ 4H
SRR 2 15, o) 72 1 RS e b 8 P £ 50 A
AN T 34T T EEBE 7T, R i 35 %2
BE B2 My K (6.46 X 10° /245D, 7% %
BE B4 2> My B (257X 103 A7) 5 26H g

FHEG, TR 3 TR oK O30 B sy, T R
BRI 9B PR A 25 RE RS B R AR
il ) 20.9. 20.7 fi5, 1 5-HMF & & UK 17%.
AT D, TP SR 7 i 1 2 R R SIS A oy AR /N 4 T4
YRR EES .

AR S R oA 2= AT EARE S35 R, i FE
HH RS PR 20 2 W R A AR IO AR TR, K TR
SETEWE D) o R B RN N, T H R b
W — DR AR & BRI
I3 Gy KRR N TG 208 SERERIE SRR 7K i
Jo PR KB RN, B R Z Rt — P Kk
AR N, PR 5-HME 25 s Ry AR A i-12
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3 D 06
IR '
ST 0.4
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kankanoside F 0.2
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unknown
HEERE E
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unknown
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unknown
unknown
ST C
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unknown
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unknown
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unknown
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RRP-S
B 7 ZESIFBEMEEESRSORESHT
Fig. 7 Heat map analysis of differential components in
RRP-S and RRP-W

RRP-W

ZRH A R P B A A 2 il 22 5, LT REJRLR
MR SIS AN RE R 1 SR AR T, A
MR T 2208 SRR Ry (R B AR IE L

AR RELEE) A “HEHR 7 it
PO M e R A B T k. oAl Gatl
AN TR T P TE T RN B AR 0 0 Rl
KAh, MEEFAHZ” P, g7 28 s AR
i B 2GR AN R AR FH IR DX o ASHIT T2 8 B2 R A
FER A RN T H oy AR RE RS, X
ZE 5 1 3 2 R 24 08 7 B 2 (N A W A
RN EASGAIE o

IR TE R B K TIREAE S — T DI RE VAR A
AE %I fe R XOUBTAT B FLIR AT 1 55 ok B O 190
BT E AR, RAFUGE B IETIRE. Y
Go B RNZRAR JORE S 22D X IR A B2 4
M2 AN S R TR, BT PTA
PURAL DUMAS. FEREABUM R <55 L2, 5-HMF
BAPENMBARIENER FR JURh a4y £ 26 ) A
Wit i S RA RE 2R, KA. 4500

#F 4 UPLC-QTOF-MS/MS E2753EFIE
Table 4 Validation of UPLC-QTOF-MS/MS

D% BV Epg r i Fl/(ug-mL™Y) FEEPR/(ugmL™) M BR/ (ng-mL 1)
FERE Y=6 070 X+5 877 0.996 0 0.006~126 0.250 0.062
M-S B Y=8 408 X+18 840 0.996 9 0.042~173 0.170 0.084
IR Y=12516 X+8 143 0.999 5 0.031~126 0.120 0.031
A RERY Y=7 308 X+5 497 0.996 2 0.062~63.5 0.250 0.062
EEICHELF Y=81 989 X+160 758 0.996 1 0.015~127 0.120 0.031
BRI Y=126 624 X+34 332 0.999 9 0.015~124 0.120 0.015
Hi#51F D Y=11 355 X+13 965 0.996 9 0.023~92.5 0.090 0.045

\ ¥ % FF RSD/% (n=6) EEEIE (n=9) FasE M RSD/%

o HP H [7] SEI{E % RSD/% (n=6)
FERE 3.63 3.75 93.16 5.10 6.11
Bk S B 4.88 5.78 93.08 7.05 3.59
EyALac 2.24 1.93 93.47 2.59 6.56
i BF R 5.44 5.11 91.09 3.06 6.69
EEICHELF 351 6.60 97.06 2.14 6.08
BRI 2.27 4.05 95.48 2.11 6.79
HH D 3.25 4,99 95.72 2.04 5.96

®5 EBIFUBMMEHRARMIEE NG FRONEE (X£5,n=3)

Table 5 Contents of representative non-sugar small molecules in RRP-S and RRP-W (X £ s, n=3)

S B (ugrg )

P

PERE BRI IE R R

PR BEEEE REEAEY

5-HMF 3 D

ZMHhsE 23601820 12.40+£2.30 470.60+64.70 33.47+3.95

8.00+1.60 30.60+8.20 1701.00£56.90 69.78+5.30

Wi ¥ 492.80+78.70™ 8.80+1.30" 369.20+ 16.60" 691.85+64.86™ 5.00+1.20" 43.20+7.00" 1408.10+62.70" 88.82+1.69™

HHh e "P<<0.05 “P<<0.01
*P<0.05 *P<0.01vsRRP-S
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