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Simultaneous determination of fifteen components in Niuhuang
Jiangya Pills by UPLC-Q Exactive-Orbitrap MS
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University of Traditional Chinese Medicine, Fuzhou 350122, China)

Abstract: An ultra performance liquid chromatography-quadrupole/electrostatic field orbitrap high resolution
mass spectrometry (UPLC-Q Exactive-Orbitrap MS) method for the simultaneous determination of 15 compounds
(taurocholic acid, 7-keto-3a, 12-a-dihydroxycholanic acid, glycocholic acid, 3-oxo0-7a, 12a-hydroxy-5/-cholanoic
acid, taurochenodeoxycholic acid, 3a-hydroxy-7-oxo-5f-cholanic acid, hyocholic acid, sodium taurodeoxycholate,
hyodeoxycholic acid, cholic acid, glycochenodeoxycholic acid, glycodeoxycholic acid, taurolithocholic acid sodium
salt, chenodeoxycholic acid, deoxycholic acid) in Niuhuang Jiangya Pills was established. The separation was
performed on a Thermo Fisher Scientfic Bremen HYPERSIL GOLD C18 column (100 mm x 2.1 mm, 1.9 um).
Methanol and water (containing 0.1% formic acid)were adopted as the mobile phase by gradient elution. MS
detection was performed with multiple reaction monitoring mode. The results showed that fifteen compounds had
a good linearity within their respective concentration ranges (> 0.999 0). The average recovery rates were 93.7%—
105.2% (n =9). The established method was used to determine the content of 15 batches of samples, and the results
showed that the content of cholic acid was quite different. The present study provides an important reference for

the overall quality control of Niuhuang Jiangya Pills.
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Table 1 MS parameters for 15 analytes and 1 internal standards
Compound Molecular formula t,/min Parent ion (m/z) Daughter ion (m/z) Collision energy/eV
IS (dehydrocholic acid) C,H,,0; 5.29 401.23 249.14 36
Taurocholic acid C,,H;NO.S 7.72 514.28 79.56 124
7-Keto-3a,12-a-dihydroxycholanic acid C,,H, O 7.92 405.26 123.08 45
Glycocholic acid C,H,;NO, 9.85 464.30 74.02 41
3-Ox0-7a,12a-hydroxy-54-Cholanoic acid C,,H, O 11.11 405.26 271.10 45
Taurochenodeoxycholic acid C,H,NOS 12.33 498.28 79.95 100
3a-Hydroxy-7-oxo-5p-cholanic acid C,H,.0, 12.79 389.26 389.26 10
Hyocholic acid C,H, 0 12.90 407.28 407.28 10
Sodium taurodeoxycholate C,H,,NNaO S 13.44 498.29 79.95 100
Hyodeoxycholic acid C,H,0, 14.06 391.28 391.28 10
Cholic acid C,,H,,0, 14.38 407.28 407.28 10
Glycochenodeoxycholic acid C,H,;NO; 14.45 448.30 74.02 40
Glycodeoxycholic acid C,H,NO, 15.14 448.30 74.02 40
Taurolithocholic acid sodium salt C,H,,NNaO,S 16.04 482.29 79.95 96
Chenodeoxycholic acid C,H,,0, 17.04 391.28 391.28 10
Deoxycholic acid C,H,0, 17.28 391.28 391.28 10
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Figure 1 PRM chromatograms of blank solution (A), reference substance (B) and samples (C). IS: Dehydrocholic acid; 1: Taurocholic
acid; 2: 7-Keto-3a,12-a-dihydroxycholanic acid; 3: Glycocholic acid; 4: 3-Oxo-7a,12a-hydroxy-5f-cholanoic acid; 5: Taurochenodeoxy-
cholic acid; 6: 3a-Hydroxy-7-0x0-5f-cholanic acid; 7: Hyocholic Acid; 8: Sodium taurodeoxycholate; 9: Hyodeoxycholic acid; 10: Cholic
acid; 11: Glycochenodeoxycholic acid; 12: Glycodeoxycholic acid; 13: Taurolithocholic acid sodium salt; 14: Chenodeoxycholic acid; 15:

Deoxycholic acid

Table 2 Regression equations, linear range, LOD and LOQ of 15 analytes

Compound Regression equation Linear range/ng-mL" r LOD/ng'mL" LOQ/mg-mL"
Taurocholic acid Y=0.318 5X+ 14.957 25.46-3 997.32 0.999 9 0.17 0.51
7-Keto-3a,12-a-dihydroxycholanic acid Y=0.1059X+0.207 5 3.98-205.91 0.999 5 0.72 2.16
Glycocholic acid Y=0.5575X+19.486 42.44-2 525 0.999 7 0.17 0.50
3-Ox0-7a,12a-hydroxy-54-cholanoic acid Y=0.1644X+0.122 6 1.80-93.03 0.999 7 0.36 1.07
Taurochenodeoxycholic acid Y=0.498 6X+0.8312 4.84-242.34 0.999 8 0.17 0.51
3a-Hydroxy-7-ox0-5p-cholanic acid Y=0.0126X+0.3917 47.48-1716.39 0.999 5 2.41 7.23
Hyocholic acid Y=0.002X+0.127 2 136-4 241.81 0.999 5 3.00 9.01
Sodium taurodeoxycholate Y=0.5932X+0.0343 23.77-954.86 0.999 6 0.67 2.01
Hyodeoxycholic acid Y=3.873 1.X+ 81.839 6.90-840.41 0.999 1 1.03 3.08
Cholic acid Y=0.0899X+9.4615 70.88-4 469.69 0.999 7 1.06 3.17
Glycochenodeoxycholic acid Y=0.8426X+0.8353 1.75-95.46 0.999 7 0.17 0.52
Glycodeoxycholic acid Y=0.741 5X +7.683 3 15.54-760.59 0.999 8 0.07 0.20
Taurolithocholic acid sodium salt Y=0.786 5X+0.334 5 1.42-72.88 0.9998 0.09 0.26
Chenodeoxycholic acid Y=1.084 6X+9.2183 8.88-310.40 0.999 6 0.17 0.52
Deoxycholic acid Y=1.676 9X + 22.648 12.97-1 305.79 0.999 4 0.07 0.21

1.6 MAERIERIRIE 15 Fifb 2% B2 R & [ Ui R 2 H@mEENE
N 93.7%~105.2%, RSD 4 < 5.0% (& 4), KW 1Z 71k I 15 kA 35 o s ALRE ot e FEAHE 4K A Y A ) 2 B
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Table 3 The result of precision, stability and repeatability (%)
— 0 — RSD (1 6)
Compound Intraday precision (n = 6) Interday precision (n = 3)
C, C Coin Cpo C Con Repeatability Stability
Taurocholic acid 2.9 2.1 3.0 2.4 1.3 32 1.0 4.2
7-Keto-3a,12-a-dihydroxycholanic acid 43 1.3 3.0 1.2 0.3 2.6 2.1 4.6
Glycocholic acid 4.4 2.9 3.1 4.1 4.0 3.8 1.5 39
3-0xo0-7a,12a-hydroxy-5/-cholanoic acid 3.1 2.6 2.1 1.1 0.2 1.9 2.8 4.8
Taurochenodeoxycholic acid 4.4 4.4 3.1 5.0 3.7 3.8 1.5 2.9
3a-Hydroxy-7-ox0-5f-cholanic acid 2.5 2.2 1.1 2.5 2.4 0.3 1.8 4.6
Hyocholic acid 35 3.1 1.4 33 2.0 2.0 2.8 3.6
Sodium taurodeoxycholate 3.0 1.5 4.1 3.6 1.2 33 4.1 3.1
Hyodeoxycholic acid 1.5 2.4 2.1 1.1 1.9 3.0 2.5 2.8
Cholic acid 2.6 2.6 34 3.0 1.5 3.8 2.4 2.9
Glycochenodeoxycholic acid 1.9 1.0 1.3 1.4 0.3 0.5 2.1 3.7
Glycodeoxycholic acid 2.1 1.2 2.8 2.9 1.1 3.1 23 4.0
Taurolithocholic acid sodium salt 4.9 2.4 2.9 3.1 1.3 1.8 1.2 1.4
Chenodeoxycholic acid 1.9 1.8 2.4 1.8 1.2 2.4 1.9 4.0
Deoxycholic acid 1.6 2.6 2.5 0.7 1.5 0.4 1.5 4.8
25000 — B Deoxycholic acid
Chenodeoxycholic acid
Taurolithocholic acid sodium salt
20000
Glycodeoxycholic acid
— B Glycochenodeoxycholic acid
—'gg 15000 4 B = Cholic acid
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Figure 2 Determination of bile acid content in different batches of Niuhuang Jiangya pills
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Table 4 Recoveries of targeted compounds in samples. n =9, x £ s

Compound Original content/pg Added content/pg Detected content/pg Recovery/% RSD/%
Taurocholic acid 67.58 33.79 100.4 + 1.19 97.1 3.6
67.58 132.75 £ 1.905 96.4 2.9
101.37 164.2 £ 3.404 95.3 3.5
7-Keto-3a,12a-dihydroxycholanic acid 3.15 1.58 4.7+0.036 98.3 2.3
3.15 6.31+0.107 99.9 3.4
4.73 7.78 +£0.165 97.9 3.6
Glycocholic acid 51.50 25.75 76.58 +0.732 97.4 2.9
51.50 100.52 £ 0.573 95.2 1.2
77.24 131.05+1.008 103.0 1.3
3-0Ox0-7a,12a-hydroxy-5f-cholanoic acid 0.77 0.38 1.17+0.014 103.7 3.5
0.77 1.52+0.033 102.1 43
1.15 1.9 +0.059 98.2 5.0
Taurochenodeoxycholic acid 3.73 1.87 5.58 +£0.044 99.1 2.4
3.73 7.57+0.121 102.9 3.2
5.60 9.14 £0.226 96.6 42
3a-Hydroxy-7-0x0-54-cholanic acid 16.96 8.48 2529 +0.394 98.2 3.5
16.96 34.82 +0.289 105.2 4.7
25.45 42.09 £ 1.301 98.7 1.6
Hyocholic acid 69.89 34.94 103.77 £ 0.467 97.0 1.4
69.89 135.98 £ 1.091 94.6 1.7
104.83 177.61 £4.921 102.8 4.6
Sodium taurodeoxycholate 13.01 6.51 19.42 +0.205 98.5 3.2
13.01 26.16 +£0.538 101.1 4.1
19.52 33.25+0.791 103.7 3.9
Hyodeoxycholic acid 15.39 7.69 22.98 +£0.063 98.6 0.8
15.39 30.36 £ 0.701 97.3 4.7
23.08 38.52+0.292 100.2 1.3
Cholic acid 70.69 35.35 105.49 £0.511 98.4 1.5
70.69 139.28 £+ 0.665 97.0 1.0
106.04 173.49 +2.843 96.9 2.8
Glycochenodeoxycholic acid 3.25 1.62 4.85+0.004 98.7 0.3
3.25 6.46+0.104 99.1 3.2
4.87 8.09 £ 0.205 99.5 42
Glycodeoxycholic acid 10.85 543 16.43 £ 0.243 102.9 43
10.85 21.62 +0.546 99.2 5.0
16.28 26.22 +0.375 94.4 24
Taurolithocholic acid sodium salt 0.18 0.09 0.26 +0.003 99.3 3.7
0.18 0.35+0.007 99.9 43
0.26 0.42 +0.006 93.7 23
Chenodeoxycholic acid 4.03 2.01 5.94+0.037 95.0 1.9
4.03 8.26 +0.103 105.1 24
6.04 10.17 £0.29 101.7 4.7
Deoxycholic acid 9.7 4.85 1446 £ 0.192 98.1 4.0
9.7 19.61 £ 0.385 102.1 3.9
14.55 24.5+0.379 101.7 2.6
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Table 5 Results of content determination of various constituents in Niuhuang Jiangya Tablets. n

S15
1733.08

Content/pg-g"
S6 S7 S8 S9 S10 S11 S12 S13 S14
1662.81 1766.15 1736.18 1577.02 1721.89 1627.81

1351.64

S3 S4 S5
116790 2031.69 2316.26

S2

S1
1701.46 2167.88

Compound

1222.16

1561.94

Taurocholic acid

64.08
1070.89

65.44

988.71

58.65
1178.33

81.46
731.75

50.78
1316.19

58.69

1064.52

61.82

69.85 84.61
55527 1063.13

1155.55

63.08
1029.93

91.59

533.81

65.77
1029.25

63.56

658.97

38.74
1052.55

20.00
728.42

7-Keto-3a,12a-dihydroxycholanic acid

Glycocholic acid

8.36

92.54
747.80

8.34

94.32
280.80

11.72
87.11

27.92

73

7.

14.70
95.52

8.35
92.33

30.60
64.79

276.03
107527 2158.80 2001.19

15.79

94.69
655.52
5390.96

15.38

74.62
339.28
5590.93
1041.01

6.27
66.68

7.41

94.11
240.99
2 558.02

10.73
59.68
248.17
2943.29

21.79
89.94

241.30
1 861.00

7.22
67.51
155.59
1229.51

3-0x0-7a,12a-hydroxy-54-cholanoic acid

76.54
423.99
10 770.48

88.76
118.16
2314.97

Taurochenodeoxycholic acid

280.91
3372.67 2119.30 2132.02

535.83

670.18

460.25
5027.51

3a-Hydroxy-7-ox0-5p-cholanic acid

Hyocholic acid

295.55 322.63 338.49 317.43 264.45 313.86 324.39 313.78

336.65

380.35 195.10 402.01 330.52

273.64

Sodium taurodeoxycholate

422.57
1 558.71

475.61 463.35 437.79 724.54  1230.95 353.72 314.77 410.35 336.78 348.22 302.74 372.34 405.56
384796 3646.58 7064.64 141381 533554 163035 157633 195647 646591 10141.43 2680.69 1634.87

1362.44

358.00
1002.86

Hyodeoxycholic acid

Cholic acid

78.70
264.24

75.54
250.97

84.55

67.55
190.89

87.16
287.72

27.97 78.78 65.03
266.03

121.13

79.34
256.07

64.91
217.04

53.05
131.77

42.73
254.78

45.64

163.03

57.66
248.91

40.56
177.64

Glycochenodeoxycholic acid

280.26

242.13

Glycodeoxycholic acid

5.56
64.15
287.07

8 843.55

5.64

62.29
276.80

5.09
57.80

238.17
10 744.02  8220.75

4.58
125.35

5.37

48.52

177.64
13211.58 24 638.93

5.19
54.65

5.40
52.95

3.32
61.13
208.35

5.53
85.04

202.70
15699.75 6311.08

3.51
80.52
194.03

12 710.64

3.77
127.65

4.58
55.42

287.59
11 158.73

2.55
175.27

3.25
32.99
93.37

8127.79

2.30
21.72
34.62

5821.05

Taurolithocholic acid sodium salt

Chenodeoxycholic acid

207.64

235.73
8741.11

278.74
8 811.99

316.87
17 255.18

172.30
10 217.51

Deoxycholic acid

Total/ug g’
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