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Identification of Chemical Constituents in Danzha Tongmai Pills by UPLC - Q - TOF - MS / MS
TAO Yeqin'?,LIU Hui'?,XIONG Dan'?,CAl Xiaoxia'?,GAO Mingguo'? ,XIE Zongming'? ,JIANG Cuiping'”’
(1. The Second Affiliated Hospital of Hunan University of Traditional Chinese Medicine ,Changsha,Hunan,China  410300; 2. Liuyang Hospital of
Traditional Chinese Medicine ,Changsha , Hunan ,China  410300)

Abstract: Objective To establish an ultra — performance liquid chromatography electrospray quadrupole time - of — flight mass
spectrometry (UPLC — TOF — MS / MS) method for the identification of the chemical constituents of Danzha Tongmai Pills. Methods The
chromatographic column was Acquity UPLC BEH C,, column (100 mm X 2.1 mm, 1.7 pm),the mobile phase was 0.1% formic
acid aqueous solution — acetonitrile (gradient elution) ,the flow rate was 0.3 mL / min,the column temperature was 30 °C,and the
injection volume was 1 pL. The fragmentation rules were predicted and the chemical constituents were identified by reference
substances, ion information of primary and secondary mass spectrometry data, literature, etc. Results Fifty - four chemical
constituents were identified, including seventeen saponins, twelve organic acids, eight flavonoids, eight quinones, six phenols and
phenolic acids,and four others. Conclusion The method is rapid and accurate,which can provide a reference for the material basis
research of Danzha Tongmai Pills.
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B3E VAR AR, © A PHE i Ik U ek
W2 I Ak B A T FRAE A A DA R - 5T AE AR 3 ik
FUR ) BB Al AR 4 B b 25 Lo PR i
HITBC LG AR 2R (] (4 A2 o0 A AR AR EAR T 77 A
AL, AR B AR SRR R I R R E BT AL, A
T & 45 265 42 5 R A TE ATV FH R R SO 233 — o
W 55 PO AT — "€ AT B E] H3 R B % (UPLC - Q — TOF -
MS / MS)vEBA 43 125 B | R AR FIORG 25 B Y5 v (R R A
ARG 53 B A A 1 T 2 1) S R AR A, T2
RIS TR i X AR S 1A A= SVANI /N
A E PHE KL E 27 B3 ) UPLC = Q — TOF — MS/
MS %, BT H i & oA 5 W mT e 1) 24 as A2, Pt
388 JDK AL R R AR R BT A i (Q — marker) A1
Yy S Y B T A B A
1 NE5ILH
1.1 {4=8

Waters Acquity i UPLC f¥ . Xevo G2 — XS A Q —
TOF / MS Y ( 3£ [5] Waters 23 7] ) s ME204E %Y 1, 43 Ay
RF(Eii-L-Mettler Toledo AR MEEEAT1532—) ;Y P2002N Y
HL 40 AT R (M 25 i A 38 A PR A | KRS FE R 0 4
Z—);KQ — 800DE AL 7 i1k v P AL (B Ll vl 7 A 2%
AR H] L P& K 800 W, 4 K & 40 kHz) ; Option
R, Ultra AN AU 4K 2 48 (3% [ ELGA Lab Waters 2
A ) DZTW g B (b 50 7 Aok B B 7 {85 A7 R
W] ) 5 SY — 5000 AU JE % 75 A AN (i T 5 A AR AY
).
1.2 iK%

ANZ BT Re X RS (HIL5 4 110754 - 202330, 46
JE > 98.5%) , 3= JLAS R X B (HiE 5 o 110878 -
201703, 46 1% > 99. 7%) , Mg ont IR i (5 100396 —
202104, 46 B > 99.7%) , B& PF 2 Fi 6 B (L5 2
110852 - 201807, 4l J > 99. 0% ) , A S 24T Rg, % I i
(#5M 110703 - 202235, 4l % > 98. 5%) , 1500 1, %
M (458 110766 — 202022, 46 > 98.9%) , ¥4 H
oh ] £ 24 i R E B 9T B 5 FH IR B X B EL (HIES
115939 — 25 - 8, 4liJ¥ > 98%) , A2 24 Rb, Xf & i (it
541753 — 43 - 9, 4liJF > 98%) , REFL IR N IE S (L5
RTT =52 - 1,460 >98%) , =L AT R, X B (L5
80418 — 24 — 2, 4l J¥ > 98%) , ¥y [ I g A= )
PHEA R A HEE O VIR (ks , KA1
R PSR PUEES ST IR O R
A BT H B 2 B ARG, 29 e 1 S B AT op 24 0 2
FE S8R T 5 PHAR E kR (B B il 791 L 41452k 230908 , #1L
kB 60 2) o
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2 HEEH%R
2.1 REHEE
2.1.1 B4t

3% : Acquity UPLC BEH C (100 mm X 2. 1 mm,
1.7 wm) ; MBI 0. 1% H R KIEW (A) - NG (B) , B
Uk B (0~5 min B 5%B~10%B, 5~15 min i}
10%B — 30%B, 15 ~ 20 minfi 30%B — 60%B,20 ~ 30 min
i} 60%B — 90%B, 30 ~ 33 min i 90%B — 100%B,33 ~
35 min I} 100%B — 5%B) ; {4 : 0. 3 mL / min; #£ i :
30 Ci it 1 pl.
2.1.2 &4

AR 55 2 TR (ESD) , 1E s PR
Y Continuum FE= ; FHFEIE L Fifer b (m /2)50 ~ 1 5005
FARERTE] 0. 153 BN HL I IEES T3 000 V, 151
12500 VWi L 40 Vi TEESIRHE 800 L/ by &1
PR BE £ 120 °C 5 Rl FRE A - S RlEFEE B : 20 ~ 50 eV 5 R
JH Lock Mass 1 5% 55 B9 A% 1E SR 42 A 808 .
2.2 BlHE

WUPHE S KL 10 g, BB, 23 80 H i, UMY K 1 g, Hf
WFRAE , B 50 mL HLIEHETE T RS 2 A 60% H B
W 25 mL, % ZE , FRE I i, 1230 12 h 5 8 74 $2 B 60 min
i U YR 2 FERRE B, FH 60% WY R MR AD 2
W B i E, B0 (R 4 000 v/ min) 10 min, B
W, 0.22 wm GALUE R AT, RPAS s i s i BT S
WA PUVES Rk 2Rk, TR B R, 80 H
i, U AR A5 0. 5 g KB FRAE , BRI, 4304 %
A 60% HVEEIE MR 20 mL, $2¢ bt it V5 V8 48 O vk ol 5 4%
PADR 2R RE W A3 N S AT Re RILASE M)
B BT SE S B Re, SR, JHBER B A
Z R Rb, ERRR . — LB RO I A RS B AR
FE o 10 mL A I, H 60% H B W R BT 2
LA, B WA K B R L L R s W 45 i & TR ST,
0. 22 wm flFLUEMEUE L , RIASR A X6 Bl VA T o
2.3 UERHHH

TEIE B8 BT X P K AL A Ak 2 i A i
oA 15 B T UL 1) o o 3% B 3
UNIFTER AR, 51RO B S A R s 2 i (LI 2)
Hh 10 Fol 2 0 43 AR R O B R ) L UE O3 R A
7 HE X, I 4% X B8 MS? 7 7 B 115 B i — 2
AT IO R A G, AR R R B U R
Jo g b T P R A2 5 A B T AR R OGS
AR T TP A B AT A M 2R % P A E K AL P
S4Fh Ak By, AR R 2R 17 R, A HLRRZE 12 Fp, B
M2 8 A, MRS 8 B, My S Wy iR 25 5 b, LA 2K 4 Fp 3
W1,
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A. Negative ion mode B. Positive ion mode

Fig.1 TIC chromatograms of Danzha Tongmai Pills
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Fig.2 TIC chromatograms of the mixed reference solution
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Tab.1 Identification results of chemical constituents from Danzha Tongmai Pills

3 w A [ M+HC00]/ MK
(min) [M+H]* /[M-H]"
1 0.747  B#® 268,126 CHNO, M
2 0.7 ATE" 192028 CHO, M
3 0.825 5~ 0-ferloyl - D- quinic acid ™ 366.024 6 CH,0, M
4 1,035 ke 191020 CHO, (M
5 237 5-ATARED 07.0672  CHO, M
6 4885 3-BARERY 11677 CH0, M
7 4910  FAERY 3301196 G0, M
8 5476 (29)-2-amino-3-[(28) -2~ 293,057 CHN0S, [M
amino = 3 = hydroxy - 3 - oxopro-
pyl ldisulfanylpropanoic acid™
9 6.183  REEEB’ 511929 CH0, |
10 7005 ALEE 2.0912  CHO M
11 9.770  HiE" 3030488 CHO M
12 0.799  AspF" 4631335 G0, I
13 9.998  AREHRNFHAY 303.0493  CHO, M

jomm)

==}

==}

EEE S NS? AmER X
136.0647,119.053 9 SR ST
127.0499,136.998 5, 161. 0387 i E T
337.0767,255.0152,129.0179 i ETT
173.0203,129.026 1, 111.0146,87.0122 ARBE b
127.0679,109. 045 5,53. 031 1 R ST
331.1133,191.0719 ES AT
331.1111,191.076 2 i

202.0173,179. 046 8, 146. 955 4 &L R

425.1291,407.1169,289.098 1 53 E bk
271,097 1,247.081 4,163.076 1,145. 084 6 Sk Lk
275.0404,180.058 1,153.043 1,128. 9499 L E Lk
300.1277,271.1250,255. 1300 IRk Lk
275.050 6,180.059 3,153.060 1,163.037 6 L E Lk
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Continued Tab.1 Identification results of chemical constituents from Danzha Tongmai Pills

R K4 MEMAOLT L r e s whhsE A
(min) [M+H]/ [M-H]
14 9.087  AHE-2"-0- RAHF" STI1554 CH0,  [M-H] 457, 1122,413.086 3,341, 0763 ¥8E LB
15 12818 ZkgHRA 977.6095  C,H0,  [M+HCOO)  931.5993,799.5456,637.4800,475.4132 2%%  ZhRA
6 13.019 @B n.2009  CHO,  [M-H] 519.1323,339.0750,321.0630,205.081 1,185. 0358 @&k A4
17 13397 ARLHRg: 845.5577  C H,0,  [M+HCOO]™  843.5577,799. 545 6,637. 480 0,475. 4132 253 LR
18 13435 ARBHR WL62T0  CH0,  [M+HCO0]™  991.6271,945.618 8,845,556 9,799,548 2,637.4820  &%%  Zx &R Fh
9 1671 BERLFLY 845.0759  C,H,0,  [M+HCOO]™  799.5601,653.488 3 2%5% MRBERZE
20 17.089  ARZHRL 1153.6941  CH,0,  [M+HCOO]™  1107.6873,945.6199,783.6054,621.5756,4%9.5439 &%%  Zk A BiEA
A 11203 AZBAARLERYY 1193.7134  CH0,  [M-H] 1149.7202,1 151,726 1,1 107. 704 5,620. 364 1 2% AR ZLBES
N 1180 AREHRY 1123.697  CH,0,  [M+HCOO]™  1077.6914,1051.6339,584.346 1 %% HRZEBEE
B 11302 AZRARLFR 1163.6932  CH05  [M-HJ 1087.6339,641. 366 8,566.315 8 245 BES
U 11416 ARLHRE 9555844 CH0, [M-H] 955.3847,793.5151,500.290 7 %% HRZEBEE
5 1.6 mEALHFR™Y 1195.7173 G0, [M+HCO0]™ 1149 7111,1107.6953,620.358 4,574.350 1 2%% BER
2% 1798 ARLHRIY 96461 CH0,  [M+HCOO]  945.6368,965.5908,919.582 1,783.566 5 243 R 2L BEA
7 18019 AZBARLEREY 1036433 CH,0,  [M-H] 793.5129,987.649 5,945.6337,927.6207,793. 5135 £¥% Rk
B 18250  smE2EXI 916439 CH0,  [M+HCOO0]  945.6350,919.580 1,323.1265,179. 069 6 245 HhELEES
9 18815 mEEY M5 G0, [MH] 256.2626,230.2466,212.236 1 ¥HE WK
30019367 ARLHE 829.5765  C,H0, [M-H] 783.365.6,757.5147,621.4999,293.201 0 253 fh
30 19.88  NSCT3IN07T 533.3965  C,H0,  [M+HCO0]™  487.3867,469.3772,243.9179 AhBRE 5
2053 ZAfAMI 279.1007  CH0,  [M+H] 261.0087,233.0947,218.0707,205. 099 4,189.068 4, &% i
178.0756,169. 063 3
B 0.649  FHRH@RAY 2971413 CH0,  [M+H] 269.1529,171.0792,165.068 5,143,083 9,128.061 3 &% i
M 20808 prewalskinA” NLABL G0, [IM+HC00T 675.4256,631.4476,415.1909,397.1706,277. 2410 &% 4
35 20,87 FAHFRLE 811167 C M0,  [M+H] 261.1057,235.110°5,189. 069 3,139. 9872 Bi S
36 20095 BAREEFY 503434 CH0,  [M-H] 502.3402,487. 386 7,277. 240 5,224,089 5 245 HhoaB
3 2096 F2am® 5003136 0, [M+H] 500.3120,335.258 4,184.0723 AREE b
B AU EEFLER™ #5513 CHO,  [M-H] 531.3775,467.358 7,231, 1942 245 HhoB
39 798 TR M9.2581  C M0, [M-H] 196.055 1 AMEE b
40 20855 quercetin-3- 0= - D"~ ace- 5043583 CuHu0,  [M-H] 279.2582,224. 0880 ¥ME L
iyl gucopyranoside™

41 21863 pinoresinol 4 - 0- glucoside™ 520.3399  CH0,  [M+H] 502.3288,337.2728,184. 0726 0F3 L
£ 2976 BAREE 2971482 CH,0,  [M+H] 282.1243,279.1373,254.0929,269. 108 1,251, 1422 % 4
#0004 HAFER" 513973 C M0, [M+HCOO  471.3882,243.9177,178.853 1,146,976 4 ARERE AR
4 614 bR 4113933 CH0,  [M-H] 450.3240,255.255 4,146,976 4 AhEE L
45 0604 u-BAFHRRY SIT4000  CH0,  [M+HCO0]™  471.3907,452.3204,243. 921 1,255. 2540 253 Hh
6 0707 ZPASARY 279.1005  C,H0,  [M+H] 261,090 5,233.095 6, 189. 058 3,139. 986 8 B 4
4 8005 14-ZH - -3,07- 28 2842000 C,H0,  [M+H] 285.2034,256.2049,243. 1730,225. 1626 teE BEA
8 BU R 0L1404  CyH0,  [M+H] 279.153,205. 084 9, 149. 0226 0% 4
9 B85 AEEILL 251343 CH0,  [M+H] 277.1222,49. 1271 BE fh
500 495 I8p-HEREBY 469.3778  C 0,  [M-H] 515.388 1,325.2420,265. 174 1 AhEE L
51 05911 FRARFARY 269.2013 (1,0,  [M+H] 196. 111°8,182. 094 5,162. 0725,130. 063 9 Bi i
50 B9 13-£A-9,11-FREZR" 29.2078  CH0,  [M+H] 196.1097,182. 085 1,167. 071 6, 130. 064 2 AhEE  BEA
55 2637 ZtmpEe 3552830 CHO0  [M+H] 263.2352,139.9869 ik Zk
526403 BR&S $55.3869  C 0, [M-H] 437.3679,409. 361 4,391.357 6 AhEE LA

E: AAZ L5 B ST AR

Note: A is confirmed by comparison with the reference substance.
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I T A5 AL AL B AL BN TR], 225 R ik 3 B 1 |
T B R R BR ER E L, AF oe Ak gt R DL IR 3.
L AR R (NS B Reg AS B Re. AS 1 RD,
A= AT Ry) 38 3 5 60 BRI 90 ok AR B s [a]
PEAT FE X ok S5 5 5 HoAth 13 Rl g 4 19 % e o HOR A7 7 )
A3 SRR 25 ¥ B T8 A X AR 43 R S R
P L RS AR T 5 R ) EOW T e 1Y) Dy 24 T
AR B T A A T L S T R
T AT X, DRSS 8 i B TS B i R B, NS
BB TR, — L MS eSS T
(M - H]-FfinG e F M + HCOO ] - Z Rl i3 ; =4
MS 243 BT BRI 26 1 AR AL R
T AR R e 25 162,132, 14643 IR T2 25 114
Ak ( - gle) AHBEC — xyl) AW - tha) , JF7" 4 m [ 2 475
Flm [z 637 WAFIERE B+, YRR, &) T30

 kEbLER

FRUR R AR
E3 ASEHHTHFEN
Fig.3 Structures of ginsenoside aglycone

LIAEE W15 R 6053 B oA &9 15 0908 B8 B 1) ()
4 12. 818 min, — Z T 3% 73 A B B m / 2 931,599 3
(M - H]- #5785 FIE M 977.609 5[M + HCOO | -
BTN B U 5 R 4 A BT IR b R 6 2 R g A
FEAHER B m/2799. 545 6(M - H - Xyl]~,637.4800
[M-H - Gle - Xyl]~,475. 413 2[M - H - 2Glc - Xyl] .,
50 B e B S 15 S =L R R, TR
i S R R IR 4.

LIMEA Y 1T T A AT (10 13. 397 min,
— YR ST M B m / 2 845,557 7[M - H] - By #ES>
TB T 799. 545 6[M + HCOO ]~ B fin-& 55 114 ; —
AL BT st B I 2 AR v R B 7 637. 480 0
[M-H-Gle] #1475.413 2[M - H - 2Glc] ~ . 5%} IR
i EEXT BIAE G P 17 I NS BAT Rey, R ik &
53Rz A 5.

PLAE & W 20 R 91 35 4T 53 AT o Ak B W 20 19 1
17. 089 min, —Z& T i m /21 107. 687 3(M-H ] -
HIHESY T8 T8I 1 153. 694 1[M + HCOO ] - BN &5
TG AR BT IR VR G 2 A R ) R S
T m/z945.619 9[M - H - Gle]~,783.605 4[M - H -
2Gle]~,621.575 6[M — H - 3Glc]~,459. 543 9[M - H -
4Gle |~ TR R B o 550 B EE X, BAfE &9 20 A
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A. Secondary mass spectrum B. Fragmentation pathway
Fig.4 Secondary mass spectrum and fragmentation pathway of

notoginsenoside R,

Z B Rb,o

LS NS 24 Rb, C - 20 1 C - 3 B2y
B, a3l 6 — LW TR R 2 — 14
W FRIE P EMMS S A8 = LR R AS BT
Rg, MIAZ 1T Rb, 2L S Sk [27 ], RN B 17 2E
1EH15,17 - 28,30,36,38,45 e .
2.4.2 HHLE %

U 2R DLRIE G, F BRI T I
A LRI A W 5 70 Ak Wy 2415 L RRE R , R 2
% H,0,C0,, — COOH ¥ il i H &1

LG 4 R 153 B AL &9 4 19 1,4 1. 035 min,
— R M BT H P m / 2 191. 032 O[M - H] - (%
T U RS R BRI 25 HL0 i CO, Y B
AE T R E T Nm/z173.0203[M - H - H,0]
m/z129.026 1[M - H - H,0 - CO,]~,m/z111.014 6
[M - H -2H,0 - CO, ]~ . S5XFRE S LU XS, B 59 4
AR , g E S AR LKL 6.

LMEA ) 54 11515387 A5 ) 5411 144 26. 403 min,
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Fig.5 Secondary mass spectrum and fragmentation pathway of
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Fig. 6 Secondary mass spectrum and fragmentation pathway of
citric acid
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Fig.7 Secondary mass spectrum and fragmentation pathway of
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Fig.8 Secondary mass spectrum and fragmentation pathway of

cryptotanshinone

PIEA )49 WAt AL A 49 1 1, 1 23. 845 min,
— TR HTET I T m /2295, 134 3[M + H] * iy 7

pA

BT A RIS AT R T m /2 277,122 2
59



HFIRE.
Pharmacy Articles

¥ &35 ¥

China Pharmaceuticals

2025451 A 5 H 23455 1)
Vol. 34,No. 1, January 5,2025

[M+H-H,0]*,249. 127 1[M + H - H,0 - CO | * % f¥
H B SRR X BIAME S Y 49 R PSR L,
Y R 5 R R DL 9.

1/ cps
100 7

90

249.127 1
30 295.1343

70 277.1222
60
50
40
30
20
10

248.082 5
296.1358

247.074 8
Il \‘

TP TN DO dld Leart L mlz

TNl "
210 220 230 240 250 260 270 280 290 300 310

+_H|

m/z295.1343

m/z277.1222
B

A ZBRIER B ALk
B9 ASMI,H_fRILESRERF

A. Secondary mass spectrum B. Fragmentation pathway

m/z249.127 1

Fig.9 Secondary mass spectrum and fragmentation pathway of

tanshinone 1II,
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