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The effect of Jiegeng decoction on lipopolysaccharide-induced acute
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Abstract: One of the traditional prescriptions for treating lung diseases, Jiegeng decoction (JGT), is still
unknown in terms of its chemical makeup and mechanism. In this study, Q-Exactive-Orbitrap MS technology was
used to identify the chemical constituents of JGT, and metabolomics was used to examine the effect of JGT on
metabolites in the lung tissue of mice with acute lung injury (ALI) model. The potential biomarkers were screened
by fold change (FC) > 1.5 or FC < 0.67 and P < 0.05, and enriched for metabolic pathways. A total of 40 compounds,
including triterpenoid saponins, flavonoids and glycosides, were identified by mass spectrometry analysis of JGT.
All animal experiments were approved by the Experimental Animal Ethics Committee of Tianjin University of
Traditional Chinese Medicine (No. TCM-LAEC2021106). The results showed that JGT improved the lung coeffi-
cient, and lung tissue morphology of mice with ALI, lowered the levels of malondialdehyde (MDA), tumor necrosis
factor a (TNF-a), and interleukin 6 (IL-6) in bronchoalveolar lavage fluid (BALF), and reduced myeloperoxidase
(MPO) content in lung tissue. The metabolomic results showed that JGT could regulate 22 metabolites associated
with ALI, among which leukotriene D4, docosapentaenoic acid, hypoxanthine, L-5-oxoproline, and other metabo-

lites were mainly associated with the body’s inflammatory response and oxidative stress, and were enriched in the
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pathways of glutathione metabolism, purine metabolism, and primary bile acid biosynthesis. This study analyzed

the potential mechanism of JGT in the treatment of ALI through metabolomics, providing an important theoretical

basis for the clinical application of JGT.
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Table 1 Identification of chemical compounds of JGT. “Verification with reference standards; MS: Mass spectrometry
No. [R, Detected Mode MS/MS (m/z) Error Compound Formula
/min (m/z)
1 0.99 191.0189 [M-H] 173.008 3 -4.323x10™ Citric acid CH;0,
2 1.12 117.0182 [M-H] 99.007 2; 73.028 0 -9.673x10™ Butanedioic acid CHO,
3 3.09 211.0448 [M-H] 165.054 3; 121.064 3; 119.048 8; -3.572x10™° 2-[(4-Hydroxyphenyl)methyl] C,H,,0;4
93.033 0; 59.012 4 propanedioic acid
4 3.16 165.054 6 [M-H] — —6.77x10" Ethylparaben CH, 0,
5 3.9 625.1771 [M+HCOO]"  417.119 0; 255.065 5; 135.007 2; —-0.493x10° Liquiritigenin-7,4"-diglucoside C,,H,,0,,
119.048 6
6 4.86 563.140 7 [M-H] 353.065 8; 365.065 7; 383.076 5;  0.127x10°° Schaftoside C,H,0,,
425.087 6; 443.097 3; 455.097 5;
473.107 6; 503.119 7; 545.128 4
7 5.42 577.1558 [M-H] 559.140 9;503.117 9; 457.114 1;  -0.829x10° 6-C-Rhamnosyl-8-C- C,H, 0,
413.087 3; 383.076 3; 353.065 8 glucosylapigenin
8 550  433.1136 [M-HJ 271.060 5; 119.048 6 -0.97x107°  5-Hydroxylliquiritin C,H,,0,,
9 553 549.1611 [M-HJ 429.105 2; 255.065 6 -0.481x10™ Liquiritin apioside C,H,0,,
10 5.54 491.1193 [M+HCOO]"  283.060 5; 268.037 0 -0.406x10™ Calycosin-7-O-f-D-glucoside C,,H,,0,,
11 5.61 433.1136 [M-H] 271.060 6; 119.048 7 -0.97x10° Prunin C,H,0,
12% 5.68 255.0654 [M-H] 135.007 2; 119.048 6 -2.282x10™ Liquiritigenin C,H,,0,
13 5.72 579.1710 [M-H] 255.065 6 -1.604x10™ Liquiritigenin-7,4"-diglucoside C,H,,0,
14* 573 417.1194  [M-H] 255.065 5; 135.007 2 0.706x10™ Liquiritin C, H,,0,
15 579  707.1827 [M-H] 605.149 5; 563.136 6; 545.127 4;  —0.265x10" Apigenin-6-C-f-xylopyranosyl-8-C-  C,,H, O
473.107 0; 443.097 3; 383.076 2; (6"-0-(3-hydroxy-3-
353.065 6;97.075 8 methylglutaroyl)-f-glucopyranoside)
16 706  441.1767 [M-H] — 0.181x10°° Lusitanicoside C,H,0,,
17 715 7235027 [M-H] — -3.554x107° [l-Tetradecanoyloxy-3-[(2R,4R,5R)- C,H.,0,,
3,4,5-trihydroxy-6-(hydroxymethyl)
oxan-2-ylJoxypropan-2-yl](9Z,12Z,
15Z)-octadeca-9,12,15-trienoate
18 7.35 549.1618 [M-H] 297.076 4; 269.081 1;255.0655  0.794x10°° Licraside C,H,0,,
19 7.65 267.0662 [M-HJ 252.0419 3.799x107° Formononetin CH,0,
20 7.84 417.1194  [M-H] 255.065 3; 153.017 8; 135.007 1;  0.706x10™° Isoliquiritoside C, H,,0,
119.048 6
21" 8.84 255.0655 [M-H] 153.017 8; 135.007 2; 119.048 6  —2.282x10™* Isoliquiritigenin CH.,0,
227 1119 1385.6218 [M-HJ — -0.908x10™ Platycodin D2 C.H,,0;,
23" 1123 1223.5698 [M-H] 409.134 2; 469.155 2; 541.176 4;  —-0.355x10° Platycodin D C,,H,,0,
635.378 5; 681.383 3; 723.396 2;
1133.5385
24 11.30  1369.6266 [M-H] — -1.127x10™ Polygalacin D2 C.H,,0,,
25 11.31 823.412 [M-H] 351.055 9; 289.056 0 -0.193x107 Uralsaponin C/Licorice-saponin J2  C,,H,0,,
26 1144 12075756 [M-HJ — 0.232x10 Polygalacin D C,H,,0,,
27 1162 12795599  [M-HJ — -0.128x10™° PlatycodinK/L C,H,,0,,
28 11.66 999.4441 [M-H] 837.380 7;497.114 3; 321.081 4  —0.147x10™° 24-Hydroxy-licoricesaponin A3 C,H,,0,,
29 1170 853.386 5 [M-H] 501.317 2; 351.056 0; 193.034 2 0.19x10°° 22-Hydroxy-licoricesaponin G2 C,H,0
30 12.20 849.3552 [M-H] 289.055 9; 351.056 0; 453.2979;  0.191x10™° Uralsaponin D C,H O
629.332 6
31 1224 1279.5599 [M-H] — -0.128%x10™ Platyconic acid B C,,H,,0,,
32 14.44 8193806 [M-H] 289.055 8;351.056 0; 193.0340 -0.316x10° Licorice-saponin E2 C,,H,O0¢
33 15.01 863.4071 [M-H] 289.054 7; 351.056 1 0.031x10™° 224-Acetoxyl-glycyrrhaldehyde C,H,O0,
34 1530 985.4654 [M-H] 663.371 7;497.113 9; 321.0819  0.424x10° Yunganoside D1 C,H,0,,
35 1535  953.4745 [M-H] 193.034 3 -0.58x10™ Uralsaponin T C,:H,,0,,
36" 15.79 4713453  [M+H] 453.334 5 -6.336x10™° Glycyrrhetinic acid C,H,0,
377 1581 8213965 [M-HJ 469.333 1; 351.056 0 -0.011x10™ Glycyrrhizic acid C,H,0,,
38 16.63 807.4177 [M-H] 351.0559; 333.044 4; 289.056 4;  0.564x10™° Licoricesaponine B2 C,H,O
193.034 1; 113.022 9
39 16.81 969.4703  [M-H] 497.113 9;321.081 8 0.24x10°°  Albiziasaponin B C,H,,0,
40 22.45 351.0874 [M-H] 283.096 9; 265.086 2; 241.086 1; -0.033x10" Licoisoflavone B C,,H,O,

199.075 2
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Figure 2 Comparison of the lung coefficients of mice in each group (A), pathological results of lipopolysaccharide (LPS)-induced acute
lung injury (ALI) (B), comparison of biochemical indexes of mice in each group (C-G). C, D, E, F: The amount of SOD, MDA, TNF-a, IL-6
in each group BALF. G: MPO content in lung tissue of each group. SOD: Superoxide dismutase; MDA: Malondialdehyde; TNF-a: Tumor

necrosis factor a; IL-6: Interleukin 6; MPO: Myeloperoxidase; HE x100. CON: Control group; LPS: Lipopolysaccharide (model group);

DXMS: Dexamethasone (positive drug group); JGT-L, JGT-M, JGT-H: Total extract of JGT low-dose group, middle-dose group, high-dose

group. n = 6, x + 5. "P < 0.01, P < 0.001 vs CON; "P < 0.05, "P < 0.01,
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JGT-M 21 % JGT-H 20 MDA /K- {2 3 P (P < 0.05).
5 CON 4 M Et, LPS 44 TNF-a Al IL-6 /K & 2 Tt &
(P <0.05), 452 Ja ¥ 2 Z FFAK (P < 0.05). 5 CONZAH
AHEE, LPS 20 MPO fH {2 3 F1 &1 (P < 0.05); 5 LPS 2H AH
tt, DXMS 41 . JGT-M 41 J% JGT-H 41 MPO i ¥ &, 3 [%
ik (P < 0.05), JGT-L 41 MPO /K T B2 A5 P&k #a 3%, (B %
RG2S (P>0.05). Bk R ILE2C~G.
3 JGT T THI ALI#EE /)R Bl 2H KB LE F o5 i
31 MARHEANZTSGITTH A4 R DR
JGT-M 43097 ROR S, BRI A 23 A0 JIGT-M 21 3
AR 221 58 . BT S 4L7E IE L s TR R i
(1 HH U () 00 o BLA 22 S5, 0 4% 2L PR AR 7= 4
HA %7 (KE3).
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AR + 2 fEFRUEZE TG LA, UL i P e R R
U, RIS K A2 e il 5 (B 4AB). fdk /> 3 H 5 4
B R B CON 41 LPS 41 . JGT-M 41 2 [a] g W] & [X 43 JF,

100
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Figure 3 Total ion chromatograms of each group of samples induced by LPS
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Figure 4 PCA scores plots of QC sample (A, B); PLS-DA scores plots (C, D) and displacement test diagrams (E, F) of CON, MOD,
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Table 2 Information of potential biomarkers. T and | represent higher and lower level

No. t,/min Detected(m/z) Mode Metabolite Formula Trend
1 0.801 325.0417 [M+H]" Uridine 5'-monophosphate C,H,,N,O,P !
2 1.000 259.960 5 [M+H]’ N-Acetyl-O-methyltyrosine C,H ,NO, !
3 2273 209.048 5 [M+H]" Kynurenine C,,H,,N,0, !
4 4316 284.098 2 [M+H]" Guanosine C,,H;;N,Oq !
5 16.836 583.288 2 [M-H] Bilirubin C,;H;\N,O, !
6 17.149 4952517 [M-H] Leukotriene D4 C,;H,N,OS !
7 17.985 504.266 7 [M+Na] Glycocholic acid C,H,;NO, }
8 18.471 2552323 [M-H] Palmitic acid C,H,,0, !
9 18.566 447.244 8 [M+H] Hyocholic acid C,,H,,0q !
10 18.722 369.295 6 [M+Na] Docosapentaenoic acid C,H,,0, !
11 20.271 431.2513 [M+H]" Deoxycholic acid C,H,0, }
12 20.337 681.357 8 [M+H]" 26-Deoxycimicifugoside C,,H,,0, i
13 22.203 392.2815 [M+H]" N-(3-Hydroxytetradecanoyl)-L-phenylalanine C,,H,,NO, i)
14 24.173 369.350 9 [M+H]" Cholesterol C,H,0 1
15 0.795 290.133 3 [M+H]" Ophthalmic acid C,,H ,N,O, 1
16 0.841 191.018 8 [M-H] Citric acid CH,0, 1
17 0.895 175.001 3 [M+K] Hypoxanthine C,HN,0 1
18 1.078 128.033 9 [M-H] L-5-Oxoproline C,H,NO, 1
19 4.161 212.102 6 [M+H] 2,3-Dideoxycytidine C,H,N,0, 1
20 11.984 506.285 2 [M+K]" Taurolithocholic acid C,H,NO,S 1
21 12.041 373.194 4 [M-H] Nortrachelogenin C,,H,,0, 1
22 13.493 331.264 1 [M-HJ Docosatetraenoic acid C,H, 0O, 1
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Figure 5 Pathway bubble diagram of differential metabolites in
LPS-induced ALI model
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