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Identification of constituents in vitro and blood-absorbed ingredients
of protective effect on acute liver injury from Yin Chen Hao
decoction based on UPLC-QTOF/MS
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Abstract: To identify the active constituents in vitro and blood-absorbed ingredients in vivo from Yin Chen
Hao decoction provides scientific evidence for probing its prevention and treatment mechanism on acute liver
injury. An ultrahigh performance liquid chromatography quadrupole-time of flight-mass spectrometry (UPLC-
QTOF/MS) method was applied for analysis of Yin Chen Hao decoction and the serum samples of mice with con-A
induced acute liver injury after preventive oral administration for 14 days (the use of all laboratory animals in this
study was approved by the Ethics Committee of the Naval Medical University, 19YF1459400). A total of 90
chemical constituents were identified from Yin Chen Hao decoction, mainly were flavonoids, terpenoids, tannins,
quinones. 5 prototype compounds were identified in the serum, including chrysophanol, deoxyrhapontin-8-O-
gallate, mussaenosidic acid, herniarin, emodin. The established UPLC-QTOF/MS method could efficiently and
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sensitively identify the constituents in vitro and blood-absorbed ingredients of Yin Chen Hao decoction, primarily

clarify the material basis of its hepatoprotective effect, and provided a scientific basis for the quality marker

selection and the pharmacodynamic material basis research on the decoction.
Key words: UPLC-QTOF/MS; chemical constituent; blood-absorbed ingredient; Yin Chen Hao decoction;

acute liver injury; hepatoprotective effect
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or aspartate aminotransferase (AST) in different groups after
treatment. Model group is induced by con-A. P < 0.01 vs control

group; "P < 0.05 vs model group
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Figure 2 The total ion chromatograms of Yin Chen Hao decoction in vitro. A: In positive detection mode; B: In negative detection mode.

The peak number is the same as the number in the Table 1

Table 1 Compounds identified in Yin Chen Hao decoction by UPLC-QTOF/MS. YC: Artemisiac Scopariac Herba; DH: Rhei Radix et
Rhizoma; ZZ: Gardeniae Fructus

RT Error

No. . Formula Adduct Mass m/z Score B Compound Category Source
/min /%10
1 0.6990 C H,0, [M+Na]’ 358.0914 381.0811 72.8600 -3.8900 Pyrimethacin Coumarin YC
2 1.0300 C,H,0, [M+H] 258.0862 259.0950 82.5100  5.070 0 Rhamnosyl-3,3',5-trihydroxy- Phenol DH
4'-methoxystilbene
3 1.0710 C,HNO, [M+H]’ 115.0638 116.0710 86.5000 -3.8200 Proline Amino acid YC
24610 CH, NO, [M+H] 165.079 7 166.0870 84.6300 -4.560 0 Phenylalanine Amino acid YC
5 29320 C,H,0, [M+Na]’ 196.146 1 219.1352 86.710 0 1.500 0 Geranyl acetate Volatile oil YC
6 3.6270 CH.O, [M+H]" 162.0317 163.0391 87.2800 -0.9700 7-Hydroxy-coumarin Coumarin YC
7 38170 CHO, [M+H] 126.0318 127.0386 46.7000  3.010 0 1,2,4-Benzenetriol Phenol
8 3.8920 C,H,0, [M+H] 194.0583 195.0641 92.2800  4.720 0 Ferulic acid Phenylpropanoid YC
9 3.8920 C,H,0, [M+H] 452.1312 453.1392 88.1500  0.270 0 Catechin-5-O-f-D- Flavonoid DH
glucopyranoside
10 41310 CHNO [M+H] 145.0524 146.0597 79.5200  3.240 0 4-Formylindole Alkaloid YC
11 44710 C,H,0,, [M+H] 578.1430 579.1489 91.3400 1.850 0 Proanthocyanidin B1 Flavonoid DH
12 44710 C,H,0,, [M+H] 578.1430 579.1489 91.3400 1.850 0 Proanthocyanidin B2 Flavonoid DH
13 44710 C,H,0,, [M+H] 578.1430 579.1489 91.3400 1.850 0 Proanthocyanidin B3 Flavonoid DH
14 44710 C,H,0,, [M+H] 578.1430 579.1489 91.3400 1.850 0 Proanthocyanidin B4 Flavonoid DH
15 44710 C,H,0,, [M+H] 578.1430 579.1489 91.3400 1.850 0 Proanthocyanidin B7 Flavonoid DH
16 44710 C,H,0O, [M+Na]’ 556.158 1 579.1494 69.4000 -3.4100 Deoxyearth rhein-8-O-gallate ~Phenol DH
17 47440 C H, 0, [M+H] 290.079 0 291.0869 97.6200 -2.050 0 Catechins Flavonoid DH
18 4.8760 CH,0, [M+Na]’ 186.0892 209.0813 70.6700 -16.050 0 Azelaic acid Fatty acid YC
19 49750 C_H,0 [M+Na]’ 2421665 265.1549 50.4600 12.4500 Dehydrofusarinol Polyacetylene YC
alcohol
20 5.1240 C, H,O [M+H] 152.120 8 153.1282 74.050 0 -4.5300 Arborone Volatile oil YC
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RT Error
No . Formula Adduct Mass m/z Score B Compound Category Source
/min /%10
21 51900 C,H, 0, [M+H]" 594.1590 595.1665 96.5700 -0.820 0 Nicotilorin Flavonoid YC
22 52320 C,HO, [M+H] 176.0473 177.0551 84.5600 -2.4500 7-Methoxy-coumarin Coumarin YC
23 52320 C,H,O, [M+H] 226.084 1 227.0924 95.6200 -3.8600 Genipine Terpenoid 77
24 52320 C,H,0,, [M+H]" 376.139 1 377.1468 78.5800 —5.8300 Mussaenosidic acid Terpenoid 77
25 53230 C,H, 0, [M+H] 610.1545 611.1619 934600 -1.9000 Rutin Flavonoid YC
26 55620 C,H,0O, [M+H] 330.1682 331.1751 77.2200 -2.190 0 Epijasminoside A Quinone 77
27 5.6530 CHO, [M+H] 136.0524 137.0594 759900  0.750 0 Anisaldehyde Volatile oil 7z
28 59260 C,H,,O, [M+H] 234.053 1 235.0603 81.6100 ~—1.0000 2-Methyl-5-carboxymethyl-7- Quinone DH
hydroxychromone
29 6.0170 CH,,0, [M+H]" 302.0440 303.0511 74.0000 -3.4800 Quercetin Flavonoid YC
30 6.0590 C,HO, [M+H] 192.0423 193.0501 84.4600 -3.1400 7-Methylchestnut baretin Coumarin YC
31 6.0590 C,HO, [M+H] 192.0423 193.050 1 84.4600 -3.1400 Scopolamine Coumarin YC
32 6.0590 C,HO, [M+H] 192.0423 193.050 1 84.4600 -3.1400 Isoscopolamine Coumarin YC
33 6.0590 C,H, O, [M+H] 302.0427 303.0510 76.0000 -3.1500 Mulberry pigment Flavonoid YC
34 6.0590 C,H,O,, [M+H] 464.0955 465.1053 35.1500 -5.4700 Hypericin Flavonoid YC
35 6.2080 C,H,,0, [M+H]" 418.126 9 419.1344 96.4400 -1.200 0 Gardenia Flavonoid 77
36 62080 C,H,0, [M+Na]' 396.1455 419.1344 60.1900 -7.3000 2-(2'-Hydroxypropyl)-5- Phenol DH
methyl-7-hydroxychromotone-
7-0-f-D-glucopyranoside
37 62820 C,H,,0,, [M+H] 624.168 8 625.1758 72.5300  0.510 0 Narcissine Flavonoid YC
38 63730 C,H,0, [M+H] 232.0748 233.0821 73.0500 -4.7900 2-Methyl-5-propanyl-7- Quinone DH
hydroxychromoketone
39 63980 C,H,0, [M+H] 234.0902 235.0977 89.3200 -5.5300 2-(2'-Hydroxypropyl)-5- Phenol DH
methyl-7-hydroxychromone
40 64140 C,H,,0, [M+H] 478.1111 479.1188 98.4300 -0.510 0 Isorhamnein-3-O-galactoside  Flavonoid YC
41 64140 C,H,,0, [M+H]" 478.1111 479.1188 98.4300 -0.5100 Isorhamnein-3-O-glucoside Flavonoid YC
42 64140 C,H,,0, [M+H]" 4781111 479.1182 80.1800  0.170 0 2-O-Coumaryl-1-O-galloyl- Tannin DH
S-D-glucose
43 64970 C H,0, [M+H] 316.060 0 317.0679 65.1600  3.390 0 Capillarisin Flavonoid YC
44 6.6710 C,H 0, [M+H]" 206.058 6 207.0663 69.780 0 3.390 0 Inchen chromogenone Coumarin YC
45 6.9850 C,H,,0, [M+H]" 190.063 6 191.0710 91.5400 -3.7600 2,5-Dimethyl-7- Quinone DH
hydroxychromoton
46 76960 C,H, 0, [M+H]" 408.1435 409.1515 66.1500 -5.090 0 Casidone-8-O-f-D- Phenol DH
glucopyranoside
47 17.8950 C H,,0, [M+H] 254.0592 255.0665 79.6700 -5.1300 Chrysophanol Quinone DH
48 84160 C,H,0, [M+H] 284.069 6 285.0774 754000 -5.1200 Physcion Quinone DH
49 15.1900 CH, 0, [M+H] 278.2254 279.2332 68.4500 -4.5400 Linolenic acid or its isomer Fatty acid YC
50 0.6740 C,H, 0, [M-H]" 534.176 1 533.168 8 71.0300 -4.3500 p-Coumaryl genipin Terpenoid 7z
51 16010 C,H O, [M-H] 332.0754 331.0688 67.1700 -3.690 0 1-O-Gallic acyl fructose Tannin DH
52 16010 C,HO, [M-H] 170.0215 169.0150 96.6200 -3.960 0 Gallic acid Tannin DH
53 34290 C,H,O,, [M-H] 494.1255 493.1189 96.660 0 1.920 0 1-O-Gallic acyl sucrose Tannin DH
54 35770 C,H O, [M-H] 354.0951 355.1025 97.5200 -0.920 0 Chlorogenic acid Phenylpropanoid ZZ,YC
55 35770 C,HO) [M-H] 354.0951 355.1025 97.5200 -0.9200 Cryptochlorogenic acid Phenylpropanoid ZZ,YC
56 35770 C,H O, [M-H] 354.0951 355.1025 97.5200 -0.9200 Neochlorogenic acid Phenylpropanoid ZZ,YC
57 35770 C,H,0, [M-H] 244.058 3 243.0504 459600  2.600 0 1-O-Gallic acylglycerol Tannin DH
58 3.8750 C,H,0, [M-H] 373.1130 374.1213 72.000 0 1.410 0 Geniposide acid Terpenoid 77
59 38750 C,H,0, [M-H] 3921322 391.1250 92.1300 -1.200 0 Mountain gardenoside Terpenoid 77
60 39170 C H,,O0, [M+CI] 3741212 409.0907 75.8200  0.110 0 Gardenia new nucleoside Terpenoid 77
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Continued
RT Error
No. . Formula Adduct Mass m/z Score B Compound Category Source
/min /%10
61 42640 C H,O, [M-HJ] 346.1628 345.1562 95.5300 -1.030 0 Saffron picylate-f-D- Terpenoid 77
glucopyranose
62 42640 CH,O0, [M-H]" 346.163 1 345.1562 95.5300 -1.0300 Jasminoside B Terpenoid 77
63 4.7270 C,H,,0, [M+HCOO] 660.1690 705.1698 61.0100 -4.2500 3,5-Dicaffeyl-5-(3-hydroxy-3- Tannin 77
methylglutaryl) quinic acid
64 47270 C,H,,0,, [M+HCOO] 660.1690 705.1698 61.0100 -4.2500 3,4-Dio-cafeyl-5-O-(3- Tannin 77
hydroxy-3-methyl) glutaryl
quinic acid
65 4.7270 C,H,,0,, [M+HCOO]  660.1690 705.1698 61.0100 -4.2500 3,5,6,4-Tetrahydroxy 3',5'- Flavonoid 77

66 4.7270 C,H,,0

31773216

67 4.7270 C,H,,0

31773216

68 4.7440 C_H O

14771274

69 4.8760 C,H,0,,

237734

70 49840 C,,H,0

237734

[
[
71 50170 CHO, [M-HJ"
[
[

72 52400 C,H,0, [M+CIJ 388.1408 423.1100 75.980 0
73 52400 C,H,0, [M+CIJ 388.1408 423.1100 75.980 0
74 56870 CHO, [M-HJ 136.053 1 135.0459 83.8800
75 6.0090 C,H,0, [M-HJ 516.1268 5151217 745300
76  6.6130 C,H,0, [M+HCOO] 430.1467 475.1449 853000
77 66130 C,H,0, [M+HCOO] 430.1467 475.1449 853000
78 6.6210 C,H,0, [M-H] 5161276 5151198 88.230 0
79 6.6210 C,H,0,, [M-HJ 516.1276 5151198 882300
80 6.6210 C,H,0,, [M-HJ 516.1276 5151198 882300
81 6.6210 C,H,0,, [M-HJ 516.1276 5151198 88.2300
82 6.6540 C,H,0, [M+CI] 696.226 5 731.1975 68.990 0
83 6.6550 C,H,0,, [M-HJ 696.2287 6952164 37.760 0
84 7.0270 C,H,0, [M+HCOO] 416.1107 461.1368 47.1800
85 7.0270 C,H,0, [M+HCOO] 416.1107 461.1368 47.180 0
86 7.5150 C,H,0, [M-HJ 462.1180 4611115 81.9400
87 87880 C,H,0, [M-HJ 284.068 5 283.0625 41.600 0
88 9.9550 C HO, [M-HJ 284.0321 283.0251 78.8200
89 113280 C.H,0, [M-HJ 270.0528 269.0473 69.020 0
90 113440 C . H O, [M-HJ 270.054 0 269.0474 67.920 0

[M+HCOO] 660.1690 705.1698 61.0100

[M+HCOO]  660.1690 705.1698 61.0100

[M+HCOO] 244.0747 289.073 1 79.0500
M+HCOO]  550.1934 595.1920 76.8200
550.1934 585.1637 72.2400
180.0434 179.036 1 79.040 0

dimethoxy flavone

-4.250 0 3,5-Di-O-caffeyl-4-O-(3- Tannin 77
hydroxy-3-methyl) alutaryl
quinic acid

-4.250 0 3-O-Ferulyl-4-O-(3-hydroxyl, Tannin 77
3-methyl) glutaryl-5-O-
caffeyl quinic acid

—4.840 0 Piceatannol Phenol DH
—-6.850 0 Genipin gentian diglycoside =~ Terpenoid yv4
—6.190 0 Genipin diglucopyranoside Terpenoid 77
—-5.800 0 Caffeic acid Phenylpropanoid ZZ
—-8.320 0 Geniposide methyl Terpenoid 77
—-8.320 0 Geniposide Terpenoid 77
-4.670 0 p-Hydroxyacetophenone Phenol YC

-5.770 0 Dicaffeyl quinic acid isomers ~ Tannin 77,YC
—-0.530 0 6'-O-Acetylgenipinside Terpenoid 77
—0.530 0 10-Acetylgenipinside Terpenoid 77
-1.710 0 3,4-O-Dicaffeoyl quinic acid  Tannin 77,YC
-1.710 0 1,4-Dicaffeyl quinic acid Tannin 7Z,YC

—1.710 0 Isochlorogenic acid A
—-1.710 0 Isochlorogenic acid C

Phenylpropanoid ZZ,YC
Phenylpropanoid ZZ,YC

-3.460 0 6"-O-p-Coumaryl Terpenoid 77
gentiobiglycoside
4.080 0 6"-O-trans-p-Coumaryl Terpenoid 77
gentibiglycoside
1.030 0 Chrysophanol-1-O-glucoside ~ Quinone DH
1.030 0 Chrysophanol-8-O-glucoside ~ Quinone DH
-4.990 0 2-O-Cinnamyl-1-O-galloyl- Tannin DH
p-D-glucose
-4.640 0 5,4'-Dihydroxy-7- Flavonoid Y44
methoxyflavone
-2.770 0 Emodin Quinone DH
-6.080 0 Rhein Quinone DH
-5.280 0 Aloe-emodin Quinone DH
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Figure 3 The total ion chromatograms of Yin Chen Hao decoction in vivo. A: In positive detection mode; B: In negative detection mode.

The peak number is the same as the number in the Table 2

Table 2 Compounds identified in Composition of Yin Chen Hao decoction in vivo by UPLC-QTOF/MS

No. RT/min  Formula Adduct Mass m/z Score Error Compound Category Source
1 04980 C, H O, [M+H] 254.0579 255.0656 958700 -1.4300 Chrysophanol Quinone DH
2 1.1930 C,H,0O,, [M+Na] 556.1581 579.1522 644200  -5.1200 Deoxyrhaponticin 2'-O-gallate Phenol DH
3 14990 C,H, 0, [M+H]' 376.1369 377.1456  86.290 0 0.050 0 Mussaenosidic acid Terpene 77
4 17390 C,H0, [M+H] 176.0473 177.0545 64.5500 3.720 0 Herniarin Coumarin  YC
5 126100 C.HO, [M+COOH] 284.0321 329.0354 51.1000 -16.6200 Emodin Quinone DH
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