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Analysis on chemical constituents in Danggui-Shaoyao-San by LC-Q-TOF-MS
and LC-IT-MS"

NIU Yan, WANG Shu-fang
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Abstract: Objective To study the constituents in Danggui-Shaoyao-San (DSS, a powder prescription with Angelicae Sinensis Radix,
Paeoniae Radix Alba, Atractylodis Macrocephalae Rhizoma, Poria, Alismatis Rhizome, and Chuanxiong Rhizome). Methods To
analyze the 70% ethanol-water extract from DDS by LC-Q-TOF-MS and LC-IT-MS. The analysis was performed on an Agilent Zorbax
SB-Cyg column and Rapid Resolution HT column (50 mm x 4.6 mm, 1.8 um) with gradient elution of 0.05% formic acid
(A)-acetonitrile (B) at the flow rate of 0.6 mL/min. The constituents from DSS were identified according to the relative molecule
weight by LC-Q-TOF-MS and multistage MS informatics by LC-I1T-MS. All the peaks were assigned to the corresponding traditional
Chinese medicinal materials. Results Thirty compounds from DDS could be identified, and 14 of them were identified for the first
time in DSS including six organic acids, such as chlorogenic acid (8) and galloylsucrose (5—7); two protostane trierpenoids, such as
16-oxoalisol A 23-acetate (22); four cyclopeptides, such as cyclo tetraleucyl (or isoleucyl) (14) and other types of compounds, such as
N-(1-deoxy-D-fructos-1-yl) pyroglutamic acid (1) and adenosine (3). Conclusion This work investigates the compounds from DSS,
and the results could provide the evidence for the research on active constituents and quality control of DSS.
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(N Bk %2 . LC-Q-TOF-MS mJ 45 HiAk &1
HERAED 207 e e i 5 8, 854 LC-IT-MS
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AL E DI LE R o R, AAFFR A LC-Q-TOF-MS
A LC-IT-MS" J53, 6 AT 2P A2 1 gy dF
AT T &5RdEil %5g, JL8E T 30 Mgy, HFE 8
NN ST 6 N Humiy 8 M=l 4 IR,
2R 2 M EEED . b 14 MEEYIA Y
VA AT 24 B 43 BF 9 SOk TP R IRE R ey, LS
N-(1-deoxy-D-fructos-1-yl) pyroglutamic acid (1). #7
B (2. W (3D BB IR &L 7 epa ik
(5. 6. 7). IR (8). FRZRRR (9. Y (&)
SRR (14, B () &R (16). o8 ()
AR AD Bt G & i (19). 16-503S
i A 23-Z %18 (22) Fil 16-54LIRTERE A 24- . TR1E
(25)0 AT AT AT I TR 9T ot
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UPLC-Q-TOF-MS %%;: Acquity ™ ultra 7} 4%
WA (32[H Waters /A #]); Triple TOF 5600 % & AT
I [] T, FoAA MW 25 B 1 U8 (& AB SCIEX 2
#]); LC-IT-MS %#%:: Agilent 1100 % w30/, i
A AR AREAR RGBT M B A )
(PDA); Finnigan LCQ DECA XP™" Jii1#%{% ( Thermo
Finnigan, & &), fic {3 HLME %5 &5 15 (IT); Eppendorf
5810R =2 HL (Eppendorf, German); Milli-Q (18.2i)
Ak EERSE (3E[E Millipore A F]).

ToKLWE Cpfral) WL H 4 T,
O CEaEal) 17 E Merck A+, IR (%
af) T (Tedia A7), WEHAKHA Milli-Q 4l
K, ¥R (bS5 T20060119) W1 [ 24548 B4k 2
WA IRAR, ®ETR G5 F20090707) 11
E R CRED th2akma ], IR Gits
101209). ¢ (b5 130116). BEstlim (b
130405) il Z-#EA NS (k% 110825) W+ ik
Kow], 2525 ('S 46600) Bz 7] (&

EOH R, VR E NS AL S MUST-12071102)
W) B A 2 R A ]

ASLIGPTR AR A NS, K% A2, AR
FIFS 6 Mt T L B 25 KSR R PR A A
WL 2SR TR R B2 %€
1.2 EREAEAHE &

S 1 mg IR, WE TR FIFR. &
JER . BRERRIR AT VI ES e A R Z-BEA
WBRXT IR, ERROE, H GRS, TCH 2
WRPE A 1 mg/mL [0 R o
1.3 #HRFRNHE
1.3.1 CYHATHEFE M I % (EBERg)
AT 2L S 29 M LEFRE U 14.0 g FAA) 74.4
g« tK% 18.6 g« 1K 18.6 g. 55 37.2 g #1)1| 25 37.2
g T 2 LK. Ty A G, BI2544
MARBEENY, hae s AL sy, KA
FOFEREE: N 70% LR KR AR, Ak El
P2k, Bk L h, 5 1%00 6 {58 70% 2 E-7K
(£11 200 mL), %52 KhN 4 fi55 70% LRE-K (2
800 mL), &I 2 KHALHU, ZoAiEid, HUUEW, Ik
JEHe4i 42 200 mL, HUCH A 5 mL R4S 4 12 mL
PO, AU I ERE 10mg,
KA, T SOT LA N 10 mg/mL FRRE S
1.3.2  HBRZAMFESIHIES  BCSEL IS 34
B IRERFAIARS 100 g, #% “1.3.17 Wik
il 2%, £33 & BRIR 2R A R
1.4 HHEBIESTEY

K H Zorbax SB-Ci5, Rapid Resolution £f %4+
(50 mmX4.6 mm, 1.8 um) (Agilent, Z£[E); izl
F: 0.05% HF /KW (A) -4 (B); KHIBLE
Vet : 0~35 min, 3%~41% B; 35~40 min, 41%~
100% B; 40~50 min, 100% B; A &E: 0.6
mL/min; AE: 30 C; Al h 230, 254, 280
F1310 nm; ZEFERE 3 pL.

1.5 LC-Q-TOF-MS S #r&

B/ 508 P25 (MS) 4t 3k,
m/z 100~1 500, T4 344.75 kPa, Hihin#=<
344,75 kPa, A 7ii’A 206.85 kPa, T4l E
600/550 C, &1 Mm% =4 ik 5500 V/~4 500 V,
LR E+/-100 V, filffERE & +/-10 eVe

IE/ 8T 5 (MS?) 4 Fka i,
m/z 100~1 500, &R B, % +/-100 V,
filb i e i +/-35 eV, flFEAERNHE 10.0, &R
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PRI /M. BH] Thermo Finnigan Xcalibur
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2.1 LC-Q-TOF-MS #0 LC-IT-MS" 745 R

% “1.47 UM G, SRA LC-Q-TOF-MS

FLC-IT-MS" H AN 24 AT 24 HORE s W3 A 53
B, 1B, AUREFREILE 1. R4S YA
XFor i AR5 D IS 2 A SR
Hfl Je 50 O I, JRSE T 30 M, Bk
GERILER 1. LAY 5258 LC-IT-MS" i
Xof FEff e IR U e
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[M—H—H,O] # fr 851, ik 5 f st f,
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| A T \ 2%
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1 HPEFHHEE LC-Q-TOF-MS BIfiEF (A) MIEETF B) REFREIEE
Fig.1 TIC chromatogram of negative (A) and positive (B) of DSS LC-Q-TOF-MS
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AU, HEWR 3 AR k. DL S, 7
T, AR BT RAR Nk
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331 PR o TR, SR EBOE TR 6
A7 SR 5 5 S50 AE AT 2544,

MikiE 3 MR NED, h 1-0-K & T RERERE .
6'-O-V £ T IR FREREA 6-0-¥ fr TIEReE ), Mo
A 2 HEAT B ICVEM € o0 S I
PRI 51 6 F1 7 S U 8 B I ERE (5~T7).

8 “FUEIES> T B FUEA miz 353 [M—H], £
g, BT ER L THIBETE R miz
191 (IF R &1, ARG FRKIR & 2R 1 431 H,0 FiT CO;
JERE miz 173 R BT, 2 G Xk%E 1401 CO,
JERE miz 127 (W Fr o FITAH A5 5 S B o) i
an R A BAR R, ELOREA I RIAR ), 5 i fff e
SRR (8), 9 TIEMIAARIRI Y 8 SIAHML, (H
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x1 HPEAYMHHHPLEELEYWH LC-Q-TOF-MS K LCIT-MS" &R
Table 1 LC-Q-TOF-MS and LC-1T-MS" results of identified compounds in DSS

W5 tg/min A/l ATR RAPEE (mz)  MS? GHREEE /%) MS® CHIRFEERE 1%) 25k
1 1332 N-(1-deoxy-D-fructos- CyH;;NOz ~ 290.0885[M—H] 272(25),200(100) 156(13),129(12),128  All
1-yl) pyroglutamicacid (100)

Vil 1401 FrEERR CeHs0; 191.0206[M—H]"  173(25),131(1),129(2), All
111(100),87(2)

3 1977 T CyoHisNsO,  268.1046[M-+H]"  250(1),136(100) DG,CX,

BZ,FL,BS

Iy 2382 WHETE C7Hs05 169.0152[M—H]"  169(65),125(100) 125(56),81(100) BS

52 2976 HATHHERAT CiHasOis  493.1199[M—H]™  433(1),403(57),331(33), 283 (24), 241 (8), 223 (24), BS
313(100),283(29) 169 (100), 125 (13)

6° 3155 WA THEERT CiHaOis  493.1200[M—H]”  475(1),331(12),313(100),  225(15),223(21),169  BS
271(42),169(15) (100), 146 (4),125(12),

7 3329 WA THEERTT CiHaOis  493.1201[M—H]”  331(2),313(100),223(2),  241(36),223(85),169  BS
179(2),169(4) (100),153(22),

151(62)

8" 7567 SRR CyeH150s 353.0878[M—H]"  191(100),179(5),173(2),  191(23),173(71),171  BZCX,DG

135(3) (21), 127 (96), 111 (55),
93 (65), 87 (26),
85 (100)

%" 8110 KGR Ci5H150q 353.0877[M—H]”  324(81),317(35),295(99), BZ,CX, DG
179(89), 173(100)

10 8283 FHER CysHs01, 167.0357[M—H]"  167(10),123(100) DG

1% 10077 isomaltopaeoniflorin  CgHgOys  687.213 2 [M+H— 641(18),611(46),593(100), BS

HCOOH] 489(18),471(14),
323(8),121(11)
12" 10325  AjENREET CuHpOn  525.162 0 [M+H— 479(100),357(8),283(12), BS
HCOOH] 121(67)
13% 11288 AjZ4f CuHyOn 5251619 [M+H— 479(23), 449 (100), 431 (13), BS
HCOOH] 327 (63), 165 (12), 121 (63)

14 12645 Y () HER  CuHuN,0,  453.3435[M+H]"  453(2),435(100),341(3),340 Al
(4),322(27),228(3), 209 (4)

15 14876 BETEAZT CyoHzO5  631.1683[M—H]  613(100),509(13),491(24), BS
465(27),399(14),313(9),

211(27)

16 15073 Fh () HEAM  CyHsNsOs  566.4286[M-H]"  566(14),548(100),547(2), DG, CX, FL,
453(5),435(39), ZX,BZ
322(13),209(2)

17 16909  FN () ZER CisHesNgOs  679.5127[M+H]" 679 (100), 566 (3), 435 (3), All
322(1)

18" 17519 SR CpHpOy  525.162 1 [M+H— 479(100),357(10),283(13), BS

HCOOH] 121(67)

19 18244 & (B) HEM  CpHaN,0;  7925968[M-+HH]"  792(12),775(3), 774(100), BS, CX, BZ,

679(4), 661(36),548 (13), FL, ZX

435(13),322(6)
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HgE1
5 tg/min EY NTR EARFEE () MS? X %) MS® CHIRTEE 1%) 25kl
20 18440 ity CpHOre  507.151 7 [M+H— 461(100),431(3),339(87), BS
HCOOH] 283(5),179(2),177(13)
21 30042 16-5ALPRER A CaoHus06 505.3525[M+H]"  487(10),469(19),415(100), ZX
397(11),353(6)
2% 31041 16-AfLEEERE A23-4 CyHs0; 547.3636[M-+H]"  547(100),469(65),451 (65) ZX
il
23 31770 FISEE C23-ZMilE  CaHugOs 529.3524[M+H]"  511(32),451(100),433(57), ZX
HOL R 397(23),381(12),353(8)
24 33360 FIGEY C23-ZMilE  CapHugOs 529.3530[M+H]"  511(67),451(55),433(100), ZX
IR LS 397(50),353(15)
25% 33362 16-SLIFIERE A24-C CapHggO; 547.3633[M+H]"  529(65),469(33),451(100), ZX
[iodlE 433(15),415(57)
260 35787 PEJIENEEA CioHi50; 193.1223[M+H]"  147(100) 119(65),105(100),91  DG,CX
(35),81(6),67(7)
21" 36515 BLEC CaoHag0s 487.3423[M+H]"  469(11),451(28),397 (100), ZX
353(10)
28" 37915 Z-HAMNMEE CiH140; 191.1069[M-+H]"  191(100),173(84),163(25), 155(2),145(100),143 DG, CX
149(10),145(45),117(8),  (1),131(3)
105(7),91(5)
29" 38599 BiLEEB CaoHagOs 4733629[M+H]"  455(19),473(13),383(81), ZX
365(100), 339 (50),
219(46),121(26)
30° 30042 FISELB23-ZMilE  CapHsOs 515.3735[M+H]"  515(55),383(73),365(100), ZX
339(78)

fRFE L LR s A IR M AR O R I Fh LC-Q-TOF-MS B fy, —Zifighiy (35+£10) V; All=43, DG=2414, CX=)I|

H, BZ=HAR, FL=1K%, BS=[*j, ZX=¥{5

“compared with reference compounds; ?identified for the first time in DSS; # LC-Q-TOF-MS fragments, collision energy (35 + 10) V; DG = Angelicae

Sinensis Radix, CX = Chuanxiong Rhizome, BZ = Atractylodis Macrocephalae Rhizoma, FL = Poria, BS = Paeoniae Radix Alba, ZX = Alismatis Rhizome

H g it b miz 173 [M—162—H,0] HIRE F 51
FREET miz 191 [M—162] (i 51, it 5%
WO, #fE 9 SRR SRR (9.
23 TRETBIEBREE L

MR RIS R T 6 NIRRT S
W), 435 isomaltopaeoniflorin (11). X524 YEST (12).
AT (13) WETEAIZT (15) R |
(18), J& AT IIFFIE R o 2B AW AE 7 B T
X FEZELL [M—H+HCOOH] JERAEAE, b3
[M—H] B A5 AE . 78 Fmtt, BT [M—
H-+HCOOH] Zj’k2: 14y FAHIR (BA) 1B
[M—H—122] Fim/z 121 [BA—H] 4R 1. 13
SIEAE A B AR R K miz 525 [M—H-+HCOOH]
(FIHESY T2 T, miz 449 N &2 %0 6
P L) 1 407 HCHO JERG, 56, 1% TiFkZ: 1

ST ARTIRICE miz 327 WE 3T, 2SR ks 2:
HIAETREAR IR L F ST miz 165 i o I
Je S 0] B LR 2 1A S T 25 (13D

12 1 18 ‘S ED o+ X AR, h—XF [ 53
SRR, WEPHEN AT AR AP 1. ik
IR, o5 SO ), D 12 S 0d kA
ZINEETY (12), 18 U M4 1 (18D,
24 [RiERTE =REZE

OSBRI A WL 8 A, fUdh 16-5 105
EREA (21, 16-5% LIS EE A 23-Z 1R (22),
PEVSHE C 23- LPRFR e ik (23, 24). 16-%1k
FEIEIE A 24-LFR TS (25). PRVGHEE C (27). FT5IE
B (29) FIPEGEE B 23-L&Hs (30), ZPEVEI
LSy o PSRRI A DIEIES TR ER [M+
HI" OUES> 78 706, 78 —gUmath, YD T3 1
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e by 2% 1 4y KL [M+H—H01" 1#H
BT nAh—4aE, Wiy E it C-23 fil C-24
Z AR FEHET W Coa-Cos TEHUIE T & 1o 11 29 5
WEAE T AR 2 1 R0 2 4y F KA 2] miz
487 F1 m/fz 469 IF1E5 o 11 FEfR =¥ miz 415 W2
i C-23 Ml C-24 2 [a)fy FHE S5 2k 2 CyH100, T,
G2 AR E M ENRZ L S Y PR EE B (29).

LAV JRIE B2 = s AL A DL AR B
B, KREBURBE LR =5 S WH G H Ol AT
M. M OBAGE T KA AE 23-OH 8% 24-OH. 16-
ARG EE A23-LIRER (22) F1 16-5ALAVEE A
24- LRI (25) 24 1 X [R5 rete i, fEIE & AT,
KON (] 4 S K R R B4 A ) B miz 415 [M+H —
CeH1205]" AN LT-HHIE], 25 ‘S miz 415 B 74140
57%, 1 22 FUENICIIE 251, 1K AT 16-4 4k
PRIEIE A 24- LT8G (25) 755 k/E C-23 1 C-24 2
()11 H SR 25 CoH1p03 2 miz 415 1, T 16-
LB A 23-ZIRIE (22) NI 5 2K 32 CeHpp0a.
FHUEAED 22 5060 16-58 PTG IE A 23- LIRIE(22),
25 FU¢Hy 16- 5P A 24- LT (25).
25 FEKE

CLA R R S SV ) S R A (26)
M Z-BEARNER (28), ANERPYIHEMFESY. %
FA A YIAE TS T 5 T R /K R S B 1)
BT 28 SR IE B T R I m/z 191 [M+-H]*
e TR T, fE-gitkheailkE 1 aT
IKHT 2 43 77K miz 173 1 miz 155 (RRE T 851
e FEF miz 191 7302k 2 1 43+ CO Rkt
A= R P EST- miz 163 R miz 149; 1 m/z 117, m/z
105 F m/z 91 S5 b B W& fH m/z 191 B 12k 25 1
43T /KAT CO Ji P BREE T ) o S5 iR 5 )
e LA Ak S i e b Z-BAR TS (28).
2.6 IRBRZE

CL e IR S IR DY G %R (14D
W () =B (16). N ) s&i (7))
MEFE () SR (19), XA WAE AR 2
B2 7 2R A RN o LTS SRR . A
—FE TR [M+H] TOUE > 125 U6 6205
W, S TR TR 1 KB [MAH—
HOT IR 1, B2, R BT IRICR L
RO AL BRI SE R B0 CREX R N 113D $%
UERRAEE, HED 14 16 17 A1 20 S5 58 FRDT (53
AR (14, B () ZE R (16). N ()

AR (1D FI-b G se& R (20,
27 Hiw%

1 SUELE 5 BN I T T miz
290 [M—H]', fE =gl 1% gs 2Rk 0P 451
FBL BRI 31 miz 200 [M—H—90] .« E=%%
g, BEEIEA R BREERE B, JE R miz 128
[M—H—162] [t 21 . 454 LC-Q-TOF-MS %;
H RS A 4 i, HEMDZAL G N-(1-
deoxy-D-fructos-1-yl) pyroglutamic acid (1),

3 SUELEIE B AR M TR TN miz
268 [M+H]"o 76 i, ZuEs 13 1k 2
1 43 T 7K miz 250 [M+H—H,0] & 1, 1 m/z
136 13 & /o miz 268 ‘K2 1 43 1 BB IE ik
() o g5 ARHEREBAE S 73 i B o) BRI R
e ZIE A IR (3D,

3 #Hig

A SZ0K ] LC-Q-TOF-MS Hil LC-IT-MS" % 5
Y IEAT 2D 30 ANy, b 14 AN A AR
T EIRIRIE . BFREE R, LC-Q-TOF-MS #iI
LC-IT-MS" 2 1] LA 5, PRIAH ] 5 751 o A2 j 33t
ATHEPERIFIT . ARSI 45 ] LUKy 1 AT 25 5 25 34
WS BE A p R A T TR A R B AR

S 30k
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