22224 Acta Pharmaceutica Sinica 2024, 59(3): 713-723 < 713 -

REREWRTFE RIS S/ R ARRGR R EFR

NSE, FRE, 554, FREF
(LB K2, H 5 5 F TARCPT M A6, P BE 25 ML T, 1l 9 R 030006)

FHE: AR50 B AR R K A T8 TR T 1068 5 OO0 35375 5 010 i 453 4 A 28 /) 68100 5 1 ), R 90 Lo P 5 4 78 B
it 25 04X 1 e B I R R . BT B A R R S 50 G AR I A5 L v K F A e B R s M e (i dE S
SXULL2019014). if#id HS-GC-MS 73 #7 % 7E iR A AL AR R 1oy 23 b 3418 BT T RE 0% 2035 & I 0 5 5 3
PR St 4 A L /N B ) I L U 38, A 4 ) 22-6 (interleukin-6, TL-6) K1 [ 4 -1 (interleukin-18, IL-18) [{I/KF. R
S5/ BRI L U AT 2 UHPLC-QTOF MS (AR 40 24 43 M7, 45 SR o 7 S0 2 22 J5 il 20 40 A5 70 MRS 7K
V5 AR, G & AE T T g 91 ¥ 00 8% S BE B8 (lysophosphatidylcholine, LPC)+ 12-HETE . i . #1104 2%
35SAZEFRWMMIKF-. LPC.12-HETE IR 55 RS S5 A ) 15 4 P 118 9 i S 80 25 DDA 9, 33X 8 [ 48 (1 A i 4 4 o
FEME AR 162 DU S 8 A U T g 8 R0 AT O P S i o DA SR A AE T R M 7 3 v 4 A TR R4 I T R ik
A7 il 2E 2 3 A AR TBE AR B 1 2-HETE B 1 45 98 M SR AH DA G420 (0 7K P, 3 17 3ok 0 A i e Pl £ i 45 i 42
SRR MR 5515 5 /N RN EE R AE o A FUAE B T 3R A A0 A% G0 TR R F 1R R 25 PR, D9 & Ak L F e 7 o R
AL T ES R .

KHEIR): M AL T A, AR

FE 525 RI17 CRRFRINAD: A X EHRES: 0513-4870(2024)03-0713-11

Effect of fumigation therapy of Flos Farfarae in cigarette
smoke-induced lung injury mice based on metabolomics

FU Zhi-xing, LI Si-yao, QIN Xue-mei, LI Zhen-yu’

(Modern Research Center for Traditional Chinese Medicine, the Key Laboratory of Chemical Biology and
Molecular Engineering of Ministry of Education, Shanxi University, Taiyuan 030006, China)

Abstract: This study aimed to investigate the effect of Flos Farfarae (FF) fumigation on cigarette smoke-
induced lung injury mice, and analyze the metabolic profile of lung tissue by metabolomics. All animal experiments
were conducted under the guidance and approval of the Animal Ethics Review Committee of Shanxi University
(Approval number: SXULL2019014). By using HS-GC-MS to analyze volatile components of Flos Farfarae, 23
compounds were identified. The results showed that FF fumigation improved the lung tissue morphology of
cigarette smoke-induced lung injury mice, lowered the levels of interleukin 6 (IL-6) and interleukin-14 (IL-15).
The lung tissue samples were applied for metabolomic analysis based on UHPLC-QTOF MS, the results showed
that 70 metabolites were changed in the lung tissue of mice after cigarette exposure, and 35 of them could be
regulated, including lysophosphatidylcholine (LPC), 12-HETE, adenosine, and xanthine. These metabolites, such
as LPC, 12-HETE, adenosine, and xanthine were mainly associated with the body's inflammatory response. It
was observed that these metabolites are primarily involved in purine metabolism, arachidonic acid metabolism,
phospholipid metabolism, and pyruvate metabolism pathways. These findings suggest that the volatile terpenoids
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in the FF may regulate the metabolites associated with the inflammatory response in the lung tissue, such as

lysophosphatidylcholine, 12-HETE, and adenosine, which could further alleviate lung inflammation induced by

cigarette smoke through the metabolic pathways of purine metabolism and others. This study proved the scientific

basis of the traditional application of FF fumigation, and provided a theoretical basis for the further product develop-

ment.

Key words: lung injury; Flos Farfarae; fumigation; cigarette; metabolomics
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Figure 1

standard; C: The MS” spectrum of a-phellandrene in sample
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A: The total ion chromatograms (TIC) of the volatile components from Flos Farfarae; B: The MS* spectrum of a-phellandrene
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Table 1 The volatile components identified in Flos Farfarae by HS-GC-MS

No. t,/min Compound name Boiling point/°C CAS ID Formula Relative peak area/%
Aldehydes
1 2.032 2-Methylpropanal 63.0 78-84-2 C,HO 16.97
2 3.024 3-Methylbutanal 92.5 590-86-3 CH, 0 13.33
3 3.180 2-Methylbutanal 91.0 96-17-3 CH, 0 24.17
4 5.088 3-Methylpentanal - 15877-57-3 CH,,0 0.72
5 5.678 Hexanal 131.0 66-25-1 CH,O 1.68
6 7.308 Heptanal 152.8 111-71-7 CH,O 0.07
Ketones
7 2.269 2-Pentanone 102.2 107-87-9 CH,0 1.23
8 2.321 2-Butanone 79.5 78-93-3 C,H,0 0.63
9 3.780 3-Hexanone 123.5 589-38-8 CH,,0 0.82
Olefins
10 7.132 1-Nonene 146.9 124-11-8 CH,, 17.5
11 8.493 1-Decene 170.5 872-05-9 C,H,, 1.40
12 9.582 1,12-Tridecadiene - 21964-48-7 C,H,, 3.53
13 9.674 1-Undecene 192.7 821-95-4 C, H, 7.12
14 11.720 6-Tridecene - 24949-38-0 C;H,, 0.28
Terpenoids
15 8.695 a-Phellandrene 171-172 2243-33-6 C,H,, 0.66
16 8.943 Cymene 175.1 535-77-3 CH, 1.69
17 12.640 Copaene - 3856-25-5 C.H,, 0.38
18 13.720 f-Bisabolene - 495-61-4 CH,, 0.35
Alcohols
19 11.609 cis-9-Tetradecen-1-ol - 35153-15-2 C,H,,0 1.02
Acids
20 6.590 2-Methylbutanoic acid 176.5 116-53-0 CH, 0, 0.23
Other
21 1.819 Dimethyl sulfide 37.3 75-18-3 CHS 1.63
22 3.826 2-Ethylfuran 92.0 3208-16-0 CH,0 0.78
23 5.855 3(2H)-Furanone - 3511-31-7 CH,0, 0.17
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Figure 3 Regulation of fumigation therapy of Flos Farfarae on
inflammatory factors in mice. The expression level of IL-6 (A) and
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Figure 4 A, B: Principal component analysis (PCA) results in quality control (QC) sample (A: Negative ion mode; B: Positive ion mode);

C, D: PCA analysis of control, model and Flos Farfarae fumigation groups (C: Negative ion mode; D: Positive ion mode)
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Table 2 Identification of differential metabolites of positive and negative ions in lung of lung injury based on UHPLC-QTOF MS. P <
0.05, "P < 0.01, ™P < 0.001. | : Down; 1 : Up. CMP: Cytidine 5'-monophosphate; AMP: Adenosine 5'-monophosphate; UMP: Uridine
5'-monophosphate; cAMP: Adenosine 3’,5'-cyclic monophosphate; CAR: Acylcarnitine; NAGly: N-acyl glycine; FA: Free fatty acid; PG:
Phosphatidylglycerol; PC: Phosphatidylcholine; PI: Phosphatidylinositol; PE: Phosphatidylethanolamine; LysoPG: Lysophosphatidylg-

lycerol; LysoPC: Lysophophatidylcholine; LysoPS: Lysophosphatidylserine; LysoPE: Lysophosphatidylethanolamine

No. Compound name t,/min Formula Mass Ion MvsC FwsM
1 Fructose 1,6-bisphosphate 0.87 CH,0,P, 338.988 7 [M-H] = -

2 Aspartic acid 0.98 C,H,NO, 132.030 3 [M-H] -

3 CMP 1.09 C,H,,N,0,P 322.044 1 [M-H] ;-

4 y-Glutamylglutamic acid 1.12 C,H,N,0, 275.088 3 [M-H] 17 -

5 Uridine diphosphate-N-acetylglucosamine 1.38 C,,H,,N,0 P, 606.074 3 [M-H] 1 -

6 AMP 1.39 C,H,,N.O.P 348.070 1 [M+H] I -

7 Argininosuccinic acid 1.39 C,H,N,0, 291.128 8 [M+H]" i -

8 Xanthine 1.50 CHN,0, 153.040 1 [M+H]" 1’ 1

9 Malic acid 1.52 C,H0, 133.014 4 [M-H] -

10 Ascorbic acid 1.73 CH,0, 175.025 5 [M-H] 1’ -

11 Niacinamide 1.74 CHN,O 123.054 9 [M+H]" T l

12 Valine 2.09 C,H,NO, 118.085 8 [M+H] i -

13 Methionine 2.18 C.H, NO,S 150.058 1 [M+H]" -

14 UMP 3.56 C,H;N,0,P 323.028 3 [M-H]" -

15 Isoleucine 3.57 CH;NO, 130.087 4 [M-H] 17 -

16 S-Adenosylhomocysteine 3.70 C,H,N,0,S 383.114 3 [M-H] 1’ -

17 cAMP 3.80 C,H,N,OP 328.044 9 [M-H] ' -

18 S-Lactoylglutathione 3.89 C,H,N,0,S 378.096 9 [M-H] T l

19 Adenylosuccinic acid 3.98 C,HN,O, P 462.066 4 [M-H] " -

20 Pantothenic acid 4.55 C,H,,NO, 218.102'5 [M-H] [ N

21 Adenosine 4.68 C,H,NO, 268.103 8 [M+H]" 17 l
22 5-Hydroxyindoleacetic acid 4.86 C,,H,NO, 192.065 3 [M+H]" 17 1
23 3-Methyloxindole 6.31 C,H,NO 146.061 2 [M-H] -

24 Xanthurenic acid 6.42 C,,H,NO, 204.031 8 [M-H] 1 -

25 PG 16:0_16:0 11.05 C,H,,0,,P 721.502 7 [M-H]" LR
26 PC 16:0_16:0 11.31 C,,H, NOP 778.556 2 [M+HCOO] -

27 PI 18:1_20:4 11.34 C,H,0,P 883.533 5 [M-H] -
28 FA 9:1+10 11.64 C,H, 0, 171.102 7 [M-H] T 1
29 CAR 1633 11.9 C,,H,,NO, 394.294 4 [M+H] T !
30 LysoPS(18:0/0:0) 12.59 C,H,NO,P 524.2970 [M-H] -

31 LysoPC 16:2 12.65 C, H,NO,P 514.288 9 [M+Na]" [ l
32 LysoPC 14:0 12.98 C,,H,NO.P 490.289 9 [M+Na]" T L
33 CAR 18:4 13.01 C,H,NO, 420.313 5 [M+H] T U
34 LysoPS 21:3 13.10 C,,H,NO,P 560.297 4 [M-H] 1 1
35 LysoPC 16:1 13.89 C,,H,NO.P 516.304 5 [M+Na]" Tt -

36 12-HETE 14.34 C,H,,0, 319.2282 [M-H] e 1
37 LysoPC(15:0/0:0) 14.52 C,,H,NO,P 504.302 4 [M+Na]" [ 1
38 LysoPC 18:2 14.78 C,H,NO.P 5423199 [M+Na]" T l
39 LysoPC 20:4 14.90 C,H,,NO,P 566.318 6 [M+Na]" [ I
40 CAR 18:2 15.00 C,H,NO, 424.340 0 [M+H]" T 1
41 5(S)-Hydroperoxyeicosatetraenoic acid 15.02 C,,H,,0, 3352227 [M-H] 1 1
42 NATau 20:4;0 15.06 C,,H,,NO.S 426.234 4 [M-H] 1 -

43 FA 15:2;0 15.10 C,H,0, 253.1815 [M-H] T 1
44 LysoPE 20:4 15.39 C,H,NO.P 500.278 5 [M-H] 1 -

45 LysoPC 16:0 15.77 C,,H,,NO,P 518319 1 [M+Na]’ [
46 LysoPC 20:5 15.79 C,H,NO.P 586.3129 [M+HCOO]" T 17
47 LysoPC 20:3 16.06 C,H,,NO.P 568.3353 [M+Na]” T 1
48 LysoPC(18:1/0:0) 16.27 C,H,NO.P 5223550 [M+H] T i
49 LysoPC 0-16:0 16.35 C,,H,,NO, P 482.358 5 [M+H] 1 -

50 LysoPG 20:5 17.01 C,H,,0,P 529.2553 [M-H] T 1
51 LysoPC 17:0 17.27 C,;H,NO.P 532.3328 [M+Na] T 1
52 FA 18:2;20 17.53 C,H,,0, 311.224 7 [M-HI T 7
53 LysoPC 0-20:2 18.21 C,H,NOP 534.3912 [M+H]" -

54 LysoPC(18:0/0:0) 18.22 C,H_ NO.P 524.369 8 [M+H]" T 1’
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No. Compound name t,/min Formula Mass ITon MvsC FvsM
55 PC 18:0 18.73 C,H,NOP 582.339 2 [M+HCOO] -
56 NAGly 16:1 19.28 C,H,,NO, 310.239 1 [M-H] T L
57 LysoPE 18:0 19.47 C,,H,NO.P 480.307 6 [M-H] -
58 LysoPG 16:0 19.61 C,H,0,P 483.271 4 [M-H] [ 1
59 NAGly 18:2 19.92 C,,H,,NO, 338.266 2 [M+H]" T 1
60 LysoPC 19:0 20.45 C,,H,NO,P 560.362 9 [M+Na]" [ 1
61 FA 18:3 21.45 C,H,,0, 277218 1 [M-H] T !
62 PE O-18:2_20:4 22.39 C,H,NO,P 748.526 3 [M-H] T "
63 PG 18:1_18:1 22.61 C,H,0,P 773.5314 [M-H] T 1
64 PE 16:0_22:6 22.62 C,H,,NOP 762.501 6 [M-H] 1 -
65 LysoPC 20:0 22.83 C,H,NO.P 574.380 4 [M+Na] T U
66 FA 22:5 23.19 C,H,,0, 329.249 0 [M-H] . -
67 FA 22:4 23.74 C,H,0, 331.2639 [M-H] -
68 Oleamide 23.75 C,H,.,NO 282.279 3 [M+H]" 1 -
69 PI 18:0_22:6 29.56 C,H,0,P 909.549 9 [M-H] -
70 PE 16:0_20:4 29.62 C,H, NO,P 738.503 4 [M-H] 1" -
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Figure 6 Summary of metabolic pathway analysis of C vs M (A) and M vs F (B). Pathway 1: Nicotinate and nicotinamide metabolism;

Pathway 2: Purine metabolism; Pathway 3: Pyruvate metabolism; Pathway 4: Arachidonic acid metabolism; Pathway 5: Glyceropholipid

metabolism
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Table 3 Result of metabolic pathway analysis of C vs M. Total: The total number of metabolites in the target metabolic pathway; Hits:
Number of differential metabolites in target metabolic pathways; Raw P: The P value for the hypergeometric distribution test; FDR: The

false positive corrected value; Impact: The metabolic pathway impact value

No. Pathway name Total Hits Raw P FDR Impact
1 Purine metabolism 66 6 0.002 0.067 0.276
2 Alanine, aspartate and glutamate metabolism 28 4 0.002 0.067 0.379
3 Pantothenate and CoA biosynthesis 19 3 0.006 0.128 0.007
4 Cysteine and methionine metabolism 33 3 0.028 0.382 0.131
5 Arginine biosynthesis 14 2 0.032 0.382 0.116
6 Nicotinate and nicotinamide metabolism 15 2 0.036 0.382 0.194
7 Pyruvate metabolism 22 2 0.073 0.616 0.090
8 Arachidonic acid metabolism 36 2 0.167 1.000 0.111
9 Glycerophospholipid metabolism 36 2 0.167 1.000 0.121
10 Fructose and mannose metabolism 18 1 0.313 1.000 0.051

Table 4 The main metabolic pathway of different metabolites of e 4= S BUR RN i E R B0 B B AR B R

MwF ADA /1N B 22 5 2 AT A SO B0 5 T 8 A
No. Pathway name Raw P -IgP Impact \ _ N S LS L e N N 17 N ok o
1 Purine metabolism 0.034 1.462 0.031 5’%5"]@*@, SR R K AT LG A Al 18 A
2 Nicotinate and nicotinamide metabolism 0.068 1.168 0.194 I B & e,
3 Pyruvate metabolism 0.098 1.008 0.059 .
4 Glycerophospholipid metabolism 0.156 0.806 0.018 TR A 3 453 073 /1 B i L 254 P9 BRI 7K S
5 Arachidonic acid metabolism 0.156 0.806 0.112 R, T RR T K BB N, &0t AL BB TS
6 T h boli 0.176 0.754 0.014
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