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Abstract: Objective To clarify the chemical constituents of Tiandan Tongluo Capsule and establish a precise and effective
identification method for the complex composition of TCM. Methods This objective was achieved mainly depending on the
information of the accurate mass and the multistage fragment ions obtained by ultra-high performance liquid
chromatography-quadrupole/orbitrap high resolution mass spectrometry (UPLC-Q-Orbitrap HRMS), comparing the relative retention
time and the mass spectrometric data of the standard substance and consulting the reference literature. Results Forty compounds
were identified in this study, including the phenoliacids, anthraquinones, flavones, phthalides, fatty acids, and the others. Conclusion
This study can identify various chemical constituents of Tiandan Tongluo Capsule systematically, accurately, and rapidly. Moreover,
the scientific theory basis will be provided for the pharmacodyamic material basis and the quality control of this drug at the same
time.
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2.1 iELME il HONIRERE Acquity UPLC®
BEHC g i (50 mmX2.1 mm, 1.7 pm); i3]
A (A -01%FE/KEHR (B), BREEDEH,
Vel AL FE N 0~0.5 min, 5%~15% A; 0.5~1.0 min,
15%~40% A; 1.0~3.5 min, 40%~70% A; 3.5~
5.0 min, 70%~100% A; 5.0~8.0 min, 100% A;

AR 0.2 mL/min; #EFFE 5 ul; #iE 40 Co
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F1 RABERKE 40 LERARIZER
Table 1 Mass spectrum information of 40 identified compounds in Tiandan Tongluo Capsule
: e

e kA% AFA i (ﬁi) ﬁg;” %jﬁ;‘ b - g iR

| SERREY CHO, 197 -0162 12703897 12703895 IE 127.04 [M+HT, 109.03 [M+H-H,0]", 99.04 [M+H—CO]", 81.03 d,j
[M+H-H,0—C0]", 71.05 [M+H—C0O—CO]", 53.04 [M+H—
H,0—C0—C0]"

2 FLER® CHO, 220 2711 15301933 153.01865 i 153.02 [M—HJ, 109.03 [M—H—CO,J, 81.03 [M—H—C0,~CO], a,b,d
53.04 [M—H—C0,—C0—COJ"

3 RKRR CHO; 362 1529 137.02442 137.02353 i 137.02 [M—HJ, 109.03 [M—H—COJ, 93.03 [M—H—CO,]", 81.03 b
[M—H-C0—COY’, 66.03 [M—H~CO—CO~CH;]"

4 BERR CiHigO, 542 6462 353.08781 353.08899  $i 353.09 [M—H], 191.06 [M—H—CeH05], 173.05 [M—H— b,e
CoH03—H,0”

5 Rt CHO; 585 3434 17903498 17903452  fi 179.03 [M—H, 135.04 M—H—CO,J, 710l [M—H-CH,0,”  ab,de

6 ENEHEHY CpHO, 1116 -5.089 22511214 22511099 E 22511 [M+H]', 207.10 (M+H-H,0]', 193.09 [M+H-H,0—CHy]", a
165.09 [M+H—H,0—CH,~C0]"

7 AHHR CyHyOy 1248 -6.085 48117044 481.26141 IE 48126 [M+H]", 179.06 [M+H—CH;05]", 163.00 [M+H- ¢
(:131'11608_1'110]Jr

§  aEMHR CyHyOp 1274 1768 463.08820 463.088 87 fi 463.00 [M—H], 300.03 [M—H—CgH,,05], 271.03 [M—H—CH,05— j
CHOT, 255.03 M —H—CHy;05— CHO,J, 179.00 [M—H—
CeHy105—C-H;0,]7, 151.00 [M—H—CeH,,05—C7Hs0,—CO]”

9 pTh CyHyOp 1295 -1317 61116066 61116022  IF 61116 [M+H]", 46510 [M+H—CgH,04]", 303.05 [M+H— ce,]
CoHig0s—CeHyg0s]”

10 FHIEHENT CHO, 1364 —4603 2712778 2712674 22713 [MHH], 209.12 (MHH-H,0], 19111 M+H-H,0-H,0]", a
181.12 [M+H—H,0—C0]", 163.11 [M+H-H,0—H,0—C0],
153.05 [M+H-H,0—C0—C0]", 145.10 [M+H—H,0—H,0—
C0—H,0]', 135.12 [M+H—H,0—C0—CO—H,0] ", 121.10 [M+
H—H,0—C0—C0—H,0—CH,]", 107.09 [M+H-H,0—C0O—
CO—H,0—CH,—CH,]"

1 EF-RY CHi0y 1550 3392 187.09758 187.09712 i 187.10[M—HJ, 169.09 [M—H—H,0], 143.11 [M—H—CO,], ]
125.10 M—H—C0,—H,07, 97.06 [M—H—C0,—H,0—C,H,],
83.04 [M—H—C0,~H,0—CH,~CH,J, 69.03 [M—H—C0,~
H,0—C,H,—CH,~CH,]"

12 BEIENEET CHL0, 1638 -0251  207.10157 207.10132 E 207.10 M+H]", 189.09 [M+H—H,0]", 179.11 [M+H—CO]", a
165.09 M+H—CO—CH,]", 147.07 [M+H—CO—CH,—H,0]',
133.10 (M+H-H0—CH,0,]", 119.09 [M+H—H,0—CH,0,~
CH,]", 105.07 [M+H—H,0—CH,0,—CH,]", 91.05 [M+H—
H,0—CH,0,—CH,]"

B HNENER  CHO, 1646 -3.134 2511214 205.11143 E 22511 [M4H]', 207.10 (M+H-H,0]', 193.09 [M+H-H,0—CHy]", a
189.09 [M+H-H,0—H,0]", 165.09 [M+H~H,0—CH,~C0],
151.08 M+H—H,0—CH,—CO—CH,]"

14 HEER CiHiOs 1657 4919 35907724 359.07791 Fio 35908 [M—HJ, 19705 [M—H—CHOy[, 17903 M—H—-CHO0;— b
H,0]", 161.02 [M—H—=CsH,,05], 135.04 [M—H—CyH,05—
H,0—C0,], 123.04 [M—H~CyH,0;—H,0—C0—CO]”

15 JHE A" CyHpOp 1736 3137 493.11402 493.11447 fi 49302 [M—H, 31307 (M—H—CHQO.J, 29506 [M—H—-CH0,— b

H,0], 277.05 M—H—CsH,0,~H,0—H,07, 197.05 [M—H—
Cy7H,,05], 185.02 [M—H—C;H0,—H,0—C4H,0,], 179.03 [M—
H—Cy7H,05—H,0], 135.04 [M—H—C,;H,05—H,0—CO,,
109.03 [M—H—CyH0,~ H,0—C, H0y]
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KRV CisHigOs

m%% A C15H1006
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5 HB[M] CyoHj50,

\

NN AR CH 0,

WgeEs CyoH104
EHE" CyHyOg

18.63

19.46

19.76

19.86

21.89

22.96

23.61

24.87

26.18

2972

29.99

30.04

30.96
3121

-0.125

-0.579

-1.403

5123

5278

-0.325

3.659

-1.469

-0.291

-0.49

-0.296

3503
1515

T17.146 11

303.049 93

28507575

283.06120

269.045 55

287.05501

491.098 37

313.071 76

269.080 84

209.11722

31112779

193.12231

195.066 28
367.118 71

717.146 10

303.049 35

285.075 35

283.061 55

269.045 87

287.054 69

491.100 31

313.071 81

269.080 44

209.116 93

31112729

193.122 01

195.138 64
367.11917

FENES

717.15 [M—HJ, 519.09 [M—H—CyH,e05]", 339.05 [M—H~—
CyHiy05—CoHy0,]7, 321.04 [M—H—CyHyg05—CoH,0s] , 295.06
[M—H—CgH,i05s—CyHg0,—CO,]", 249.06 [M—H—CyH,y05—
CyHs04—C0,—CH,0,]", 185.02 [M—H— CoH,05s—CyHs0,—
€0, — CeHy0,]7, 109.03 [M—H— CoH,05 — CyH0; — CO, —
CiHeOs]

303.05 [M+H]', 285,04 [M+H-H,0]", 25704 [M+H-H,0—C0]",
229.05 [M+H—H,0—C0—C0]", 183.03 [M+H—CHO;]",
165.02 [M+H—C;H,0,—H,0]”

285.08 [M+H]", 270.05 [M+H—CH;]", 253.05 [M+H—CH;0H] ",
225.05 [M+H—CH;0H—C0]", 197.06 [M+H—CH,0H—CO—
0], 169.06 [M+H~CH;0H—C0—C0—C0]"

283.06 [M—HT, 268.04 [M—H—CH;]", 240.04 [M—H—CH;—
COT, 224.03 [M—H—CH;—C0,]", 211.04 [M—H—CH,—C0—
CHOT, 195.04 [M—H—CH,—C0,—CHO]"

269.05 [M—HJ, 241.05 [M—H—COJ, 225.06 [M—H—CO,[,
18107 [M—H—C0,~CO,]"

287.05 [M+H]", 269.15 [M+H—H,0]", 258.05 [M+H—CHOJ",
241.05 [M+H-H,0—C0]’, 213.06 [M+H—H,0—C0—C0]’,
165.02 [M+H=C;H0,], 153.02 [M+H—CH0,]", 121.03
[M+H—C;H,0,—C0,]"

49110 [M—HT, 311.06 [M—H— CyH;0,J, 293.05 [M—H~
CyHy0s], 265.05 [M—H—CyH;y05—COJ, 197.05 [M—H—
CiyHy0s], 135.04 [M—H—Cy7H;y05—C0,—H,07, 109.03 [M—
H=Cy7Hg05—CO,—H,0—CHy|

313.07 [M—HJ, 161.02 [M—H—CgH,0,—H,0[, 151.04 M—H—
CyHe0s]', 133.03 [M—H—CH0;—H,0]"

269.08 [M+H]", 254.06 [M+H—CH;]", 237.05 [M+H—CH;0H] ",
226.06 [M+H—CH;—C0]", 213.09 [M+H—C0—COJ", 197.06
[M+H—CH;—CO—CHOJ", 163.04 [M+H—C/H,0]", 137.02 [M+
H—CH,0—C,H,]", 118.04 [M+H—C;H,0—CO—OH]"

209.12 [M+H]", 19409 [M+H—CHy]", 181.00 [M+H-C,H,]",
178.10 [M+H—CH;0]", 162.07 [M+H—CH;—CH;0H]", 151.08
[M+H—CH,—CH,0]", 137.06 [M+H—C,H,—CH,0—CH,]",
12106 [M+H—C,H,—CH,0—CH,0]

31113 [M+H]', 293.12 [M+H-H,01', 275.11 (M+H-H,0~H,0]',
265.12 [M+H—H,0—CO]", 251.11 [M+H~H,0—CO—CH,]",
247.11 M+H—-H,0—H,0—C0]", 223.11 [M+H-H,0—C0—
CH,—CO]", 205.10 [M+H—H,0—C0—CH,—CO—H,0]"

193.12 [M+H]', 175.11 [M+H-H,0]", 147.12 [M+H~CO]’,
137.06 [M+H—CHs] ", 119.09 [M+H—C0—C,H,]", 105.07
[M+H—C0—C,H,—CH,]"

195.14 [M—HT, 179.11 [M—H—CH,]J", 167.14 [M—H—CO["

367.12 [M—HJ, 217.05 [M—H—CyH,0y]", 173.06 [M—H—CeH,(0,~
Oy, 149.08 [M—H—Cy;H, 04, 134.04 [M—H—C,,H,0,—CH;]

b

o

¢, d,e,]

afj
d
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e el AFR (ﬁi) ﬁ;f;’% TR i R
30 BASEM CeHO, 3125 -2703 30901214 30911130 30911 [M4H], 28111 [MAH—CO]", 265.12 [M+H-CO,)", b
235.11 [M+H— co2 CH0]"
31 THER'  CpH,0, 3194 L1184 19110666 19110643 I 11 [M+H], 1730[M+H—Ha ]* Il M+H-CO]", a
155.09 M+H-H,0—H,0]", [M-I-H CO—H)0]’,

117.07 [M+H—C0—H20—C2H4]
3 HEASEY CoHp0, 3308 -0456 31515909 31515863 I 31516 M+H], 297.15 M+H-H,0]", 279.14 M+H-H,0-H0]", b
25114 M+H-H,0—H,0—C0]", 237.09 [M+H~H,0—H,0—
CHy", 201.09 M+H-H,0—H,0—CHJ", 183.08 [M+H-H,0—
H,0—CHe—H,0]"
B CeHu0y 3407 1209 27708702 27708713 i 277.00[M—HJ, 249.09 [M—H—COJ, 221.10[M—H—-CO—CO] b

W

B &
1[14]
M ABER CiHpO; 3409 1209 277.08592  277.087 13 E 27709 M+H], 262.06 [M+H—CH;]", 249.00 [M+H—CO]", b
231.08 [M+H—CO—H,0]", 221.10 [M+H—C0O—C0]", 193.10
[M+H—C0—CO—COJ", 178.08 [M+H—CO—CO—CO—CH;]”

35 BABER CoHyOy 3412 1417 29704852 20714810  E 29705 M+HH], 27914 MAH-HOT, 25114 [M+H-H0-CO], b
237.09 (M+H-H,0—CH] ", 209.10 [M+H—-H,0—C;H,—CO]"
36 ABKEY CqHL0; 3527 0291 26508592 265.085 63 E 26509 [M+H]', 25006 [M+H—CH,]", 237.09 [M+H—-CO]', b

209.10 [M+H—C0—C0]', 193.10 [M+H—-C0—C0,]", 178.08
[M+H—C0—C0,—CH;]"

3 TEE CiHy 3580 1888 20519508 20519460  IE 20519 [M+H], 163.15 M+H-CHJ, 135.12 M+H-CGH,—~  d
CH,J', 121.10 [M+H~C;H,—C,H,~CH,]", 107.09 [M+H—
C3Hs—C,H,—CH,—CH,]"

38 FEPBEEY CeHy0, 3581 -1019 28115361 28115332 £ 28115 [M+H]', 266.13 [M+H—CH,]", 253.16 [M+H—CO]', b
238.14 [M+H—CO—CH,]"

39 FBBILY CHg0y 3602 -1426 29513287 29513245 IE 29513 [MAH], 27702 [MHH-HO], 249.13 M+H-H,0-CO]", b
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Fig. 8 Fragment pathways of azelaic acid
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