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Application of lipidomics on research of traditional Chinese medicine
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Abstract: Lipidomics is a newly emerged discipline that systematically studies the types, functions and metabolic pathways of lipids in
organisms, which can identify biomarkers and molecular mechanisms of diseases or drugs by analyzing changes in lipid metabolism
networks from different physiological or pathological states. As an important component of systems biology, lipidomics has the
research mentality which is similar to the overall concept as well as the system theory of traditional Chinese medicine (TCM).
Therefore, lipidomics becomes a powerful tool to promote the modernization of TCM. Lipidomics technology is briefly described in
this paper, and the application of lipidomics technology on research of TCM including pharmacodynamics, action mechanism and
toxicity are summed up, and at the same time the experience of other disciplines in the research of Chinese materia medica property
theory and quality control of TCM are combined to expand the application ideas of lipidomics in TCM research, as well as provide
references for the organic integration between TCM theory and modern technology.
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Fig. 1 Application of lipidomics on research of traditional

Chinese medicine
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Table 1 Research on efficacy and mechanism of traditional Chinese medicine based on lipidomics
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Table 2 Research on toxicity mechanism of traditional Chinese medicine based on lipidomics
E2 S e MR BEVEHLA SCHR
(iR N LZH A UPLC-Q-TOF-MS RERE MR . WEAE . ARAIIR T RR A AN AR 53
FRA5 N AR AR
BT K B ZH. 2R UPLC-Q-Exactive-MS F B H B NE S ACUNRAT, IC R IE R 54
KR H I B S
ERN S K B ZE. 2R UPLC-LTQ-Oribtrap-MS  5RgE/IRFEMW . EIB, IERE SRS 55
NN AVE S ERER Y EPS
L HERATE 1 KBRAFAEHZ. Ml UPLC-Q-Exactive-MS R 51 ML VR E ob b B IR A IR 25 X1 56
B R
FEkSa e RRAFIEAZ. L-02  UPLC-Q-TOF-MS PR B A 3 R IR R R AR At 57
N IE 5 JH- 4 GBS T S A T
HEsE /N BRI B2 = UPLC-Q-Exactive-MS it i s S Ak 4 105 A1 5 A H il B IR S AN IR 58
Bl i
KR APHEH R UPLC-QqQ-MS i B R AR A4 (53K P450 fiTAEIFRAE 59

AT VU I B SS DA LA S BT 2E (K I B i
R IOE R 7= A R 1k

Bk rp 24 K SR B2 OB VEATLBI B 7T 4k, IR B AL
SR N T 25 T AR IR EE I S . WAL
. BERR . B, BE. WEER. UKF 6tk
RGN, IR P A R R R
BCT7 RS B A IR, BRI A g R AR A7
TS o 38 3 S ) I 5 2 5 g 256 7S AL A e B A
FJE B K RO HR 6 1 — e B2 g gk A7 e 4%
M, RIUFERFIEH S & A R LT, By
Tl AR A% R KRR IE R & 1 R T A TR
ik, 7SR RS O BRI R AR L I 2RE
RN, SRR T 2 A IR TT )5 sAE RS IR
R BN K BRI B B 1500
2.3 HHAHIBRMAR

H 2 2 T B R R AR IR S CABHBH . RS
SN, TER AT S Ak H 2 P g
N RS mgh . ey rig R hEEZy
HR AR R I ZEH G S, RS HHIES A 1l R
HAKM F MRS, EEAREIS. Tk, HEA
FHREDUF ST . A, P22 R SRR AT 7T
F U RCR CL 4 51 ST 705 B i

RG22 B OW 1)t 5 T AR AH #2
A, KRR 2R TR B2
F o 36T 2 1 4 2 AR 2 1) P 24 DU < B
i, RIFE (O WS GR MHEhZilReg

ma LA B A& A . anEE T T A
NG PEBIR I FC, BT RES 1A 1 1 K RUIE TR
PR DUHAETR - Joh B T R S ] e 3R S5 i o 45 s 2
Rufigte, BARRIOVRENARE RS PHAR
UIPERT, ARELB T AR A2, SOERERS TR IE
ORI E A 3-HiMSHE-CoA i filt BEEAN K B4 57 14
MLt A PR RIS, SR R P AR, BARAG
PUARERACH, SIFEHZG L0, M QA 224
RFEGIITENE . LG 250 IEH . SAEAMSE
ERE R BRI AR 2, 45 SR R JE P
. WE . EmMEAER AT T ER
AAEICFRE A RO RS, oAb K A QAR ¢
PO B 1 T B FLAt s SRR B Sl SRR AR
Wl ANBFARITRREYI G BRI p AL
B SRACE A R A S5 ig 4, EIRTFh PERT
FORR, N g A S kAT R 2 DU S BRI TR
BT3B AR RS A ) AL . IR AN A
ZGTER) R 25T TR AL A A QU AR AL B 23 A . AT
BT Y2 AR B B Bk 2 22 S A R B 2E WA 6
Y. R VIR AR SR AR R e
TG FERM AL PRI A R
=HERPEHAR T NKRIEE NI, HAE AN
M HART RTINS Z —. FETARBAR
HZRT TS, F AR A BRI T =470 SR



* 5410 -

¢ %% Chinese Traditional and Herbal Drugs % 51 % %5 21 % 20204 11 A

o377 BAETT AT R A 0 R AR TIURE KRR I 2
PRI, SRER=A eSS g F
FEL RIS SR IR EL IR R & A
7], MHE BRI A R e L. PR R 2
5, PRSI IR SRR 4 2=
NH, TS RGEY LA,
FENATIANRN IR 252 R B AR R
24 PHREBFHIAR

W2 R BRI T R R Fen T, HoddE
MIZIFNEN Y ZGAE R 2B AR TR BT 5 LR, AR
JR R AN G ARSI 2
BIE ARGy, H 4ok 2 50 IR i sy BA R
SRITAEYEYE . GO S B ARAE TR 2,
HAG R M RR I Th 06364, S 2515 2 b & &5 I 5
AR ORISR B, BA RIFMBUIRE
FT A A FH 8,

M R R S 5165 B AR R AR )
K, AR B ERES. MEEE
MGG A5G, W EERES 2k
JR 43 5 T H 2 1 R s L A B . Lipid
Maps®fii i 2H - 2= W 0 52 504018 T 2005 4 K AT
fEF SR H R i & R R4, T 2009
EHFZ RS, HINAHERE R E R A
IR I M B AR 2 A Rt R AL A W SN T, DA
e THI ¥R =6 PR 7L 30 40 R SR 2L 30 0 1) g Joia B FL AR Y
e80T ZH S 5 U VR RE S SR R 245 N A R
J8 53 R P E Tl - S5 D I FH 2 AR ORI 8 i 5 il 43 1EAT
SEPERE BT, A BT 2faac g A
2R BRI e . BAT, BRI AL
RIEFEDE A o P B E2E 2R A 1 i A5 31
N, BT ORREARSE 2 b N YRR R R 23 R 1R AR
YRR KIE . 1 RO fER—REY
TR AL A YRR K F . I R v 25 £
- R HOR, S IR R, XA
HH B A 2 o AT RE 1 A A AT, 5 A B FE LT
ke 254 NMEEZRAE Y QF KR SRR
BRI B R AR S 2 PR . BAh, AR
ORI MR R ORI — PSRRI B R S R Ay, B
1& -4-O- 1 FlE, nIAE R X o AR AR S Fh bR &
T, S R AE I AR B R L) —
Iy NREFRERNEEFHE 2 KR EENA. FH=8E1
AT R 1) 2 [ BRI E AR (MRMD XF 1 Ffis 2 Al
3 PRI R R ol A R R DR R A AT R A

BT, LT 182 M EHSAMIY, R
PEE TR Py NS R S R, O TR
Fe FIFHEREHT. FR 08 (PCAD MR/ —
Fe ik A B4y B (OPLS-DA)Y FlIE A5 5 K IE ik
(OSC) X Mot i1k, %A BN X /AN FFEZE
FEAS, 7R 1 M I IR 2 A S
oS, IF BRI B R 2 A e,

TGRSR TT, B EERORE TRl 2
HI RIS, I 7520 AR 25 R AT VA rh 2
ROF R A 25 Fa aU R 1 e, SR N N AR Ay
FEAL, Krhifaar B 5 2T AHE R —
128}, DA H 24 5T S AT 5T Hh 45 31 R 9700,
Jig I 2H 2 AN AT DL ST A 24 B ol (R 4R S
ERENE N T P 22 RERT I, AT 2535 3L
R AN T 24 T E A T I R A ) R
3 BEERE

G IR A A BRI T 25257
TERILEIASE It et e, IF 525 5 iR A
B AR A BORAE 24 245 P BV AN i B 2 1
TP I ROR, R HENR T 2H 2 A2 T 25T FE P Y
RIS BEEARAR IR AN HIVE B 275 . STl idl s
BRI, AESLPr N R, AT Gt
FAESERE. B, TR i e
VB B RIS DA AT A s BEAR T T B 7>
TERVEMBIER, R, FIHEM S LAY
5 IS HEAT R B ) 5 AL AR R 4 THT A A R AT R
BA RN Hx, MR a2 B RS R A )
LSRR A ROR SOV IR MRS B e, SE
WL B E L R 3R 8 5 3 BUIT FU 45 R i 2%
5, BB BUIR BT 4H 2 1) 32 2RI T 0 R 2 N SRSk
ezh, SHHMEY). HEA R SRV R AT
SR, BRI T iR A A AE T 25T ST
IR . PRIk, SEELIE BT 2 e h 25 e b i) R
1, FEEAWREE TR EOR . a5
N G SR E AR A F Re AN 5 [ N AR S AR SS T
Jig AL 2 AR — T 1% B BARR 2 BORAE 25 1 B
KA EAEKIE ), T R EL TAEENH
BT RIS, Dy SEal b B2 25 BARAG i A oK H bR
ESpARCE
SEE
[1] Quehenberger O, Dennis E A. The human plasma

lipidome [J]. N Engl J Med, 2011, 365(19): 1812-1823.
[2] Cajka T, Fiehn O. Comprehensive analysis of lipids in



¢ %% Chinese Traditional and Herbal Drugs

B51% FE218 2020 11 B « 5411 -

(3]

[4]

[5]

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

biological systems by liquid chromatography-mass
spectrometry [J]. Trends Analyt Chem, 2014, 61: 192-206.
Hu T, Zhang J L. Mass-spectrometry-based lipidomics
[J]- J Sep Sci, 2018, 41(1): 351-372.

Zhao Y'Y, Miao H, Cheng X L, et al. Lipidomics: Novel
insight lipid
metabolism and dysregulation-associated disease [J].
Chem Biol Interact, 2015, 240: 220-238.

Li M, Yang L, Bai Y, et al. Analytical methods in
lipidomics and their applications [J]. Anal Chem, 2014,
86(1): 161-175.

Fahy E, Subramaniam S, Brown H A, et al. A
comprehensive classification system for lipids [J]. Eur J
Lipid Sci Technol, 2005, 107(5): 337-364.

Barrera N P, Zhou M, Robinson C V. The role of lipids in
defining membrane protein interactions: Insights from
mass spectrometry [J]. Trends Cell Biol, 2013, 23(1): 1-8.
Cuvillier O. Sphingosine in apoptosis signaling [J].
Biochim Biophys Acta, 2002, 1585(2/3): 153-162.

zu Heringdorf D M, Jakobs K H. Lysophospholipid

into the biochemical mechanism of

receptors: Signalling, pharmacology and regulation by
lysophospholipid metabolism [J]. Biochim Biophys Acta,
2007, 1768(4): 923-940.

Stlibiger G, Aldover-Macasaet E, Bicker W, et al.
Targeted profiling of atherogenic phospholipids in human
plasma and lipoproteins of hyperlipidemic patients using
MALDI-QIT-TOF-MS/MS  [J]. Atherosclerosis, 2012,
224(1): 177-186.

Chan R B, Oliveira T G, Cortes E P, et al. Comparative
lipidomic analysis of mouse and human brain with
Alzheimer disease [J]. J Biol Chem, 2012, 287(4): 2678-
2688.

Oresi¢ M, Seppinen-Laakso T, Sun D Q,
Phospholipids and

et al.
insulin resistance in psychosis: A
lipidomics study of twin pairs discordant for schizophrenia
[J]. Genome Med, 2012, 4(1): 1.

Déria M L, Cotrim Z, Macedo B, et al. Lipidomic
approach to identify patterns in phospholipid profiles and
define class differences in mammary epithelial and breast
cancer cells [J]. Breast Cancer Res Treat, 2012, 133(2):
635-648.

Degenkolbe T, Giavalisco P, Zuther E, et al. Differential
remodeling of the lipidome during cold acclimation in
natural accessions of Arabidopsis thaliana [J]. Plant J,
2012, 72(6): 972-982.

Rezanka T, Kolouchova I, Gharwalova L, et al.
Lipidomic analysis: From archaea to mammals [J].
Lipids, 2018, 53(1): 5-25.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Wenk M R. The emerging field of lipidomics [J]. Nat Rev
Drug Discov, 2005, 4(7): 594-610.

Folch J, Lees M, Sloane stanley G H. A simple method
for the isolation and purification of total lipides from
animal tissues [J]. J Biol Chem, 1957, 226(1): 497-509.
Bligh E G, Dyer W J. A rapid method of total lipid
extraction and purification [J]. Can J Biochem Physiol,
1959, 37(8): 911-917.

Wu S, Chen S, Dong X, et al. Lipidomic profiling reveals
significant alterations in lipid biochemistry in hypothyroid
rat cerebellum and the therapeutic effects of Sini
decoction [J]. J Ethnopharmacol, 2015, 159: 262-273.
Zhao T, Zhang H J, Zhang X L, et al. Metabolomic and
lipidomic study of the protective effect of Chaihuang-
Yishen formula on rats with diabetic nephropathy [J]. J
Ethnopharmacol, 2015, 166: 31-41.

Qin L L, Zhang Z X, Guo M X, et al. Plasma
metabolomics combined with lipidomics profiling reveals
the potential antipyretic mechanisms of Qingkailing
injection in a rat model [J]. Chem Biol Interact, 2016,
254: 24-33.

Wu X, zZhu J C, Zhang Y, et al. Lipidomics study of
plasma phospholipid metabolism in early type 2 diabetes
rats with ancient prescription Huang-Qi-San intervention
by UPLC/Q-TOF-MS and correlation coefficient [J].
Chem Biol Interact, 2016, 256: 71-84.

Gao H L, Zhang A H, Yu J B, et al. High-throughput
lipidomics characterize key lipid molecules as potential
therapeutic of Kaixinsan
Alzheimer's disease in APP/PS1 transgenic mice [J]. J
Chromatogr B Analyt Technol Biomed Life Sci, 2018,
1092: 286-295.

¥ Ei, BOCHH, S5, 4. JE T UHPLC-Q-Exactive
Orbitrap/MS [HREREZ I 7 /) Bt i 453 4 1) g s 2. 2
W7 [, 222273k, 2019, 54(1): 144-150.

Lee S M, Lee J, Kang E, et al. Lipidomic analysis reveals
therapeutic effects of Yijin-Tang on high-fat/high-
cholesterol diet-induced obese mice [J]. Phytomedicine,
2020, 74: 152936.

Jia Z X, Tie C, Wang C H, et al. Perturbed lipidomic
profiles in rats with chronic cerebral ischemia are

targets protects against

regulated by Xiao-xu-Ming decoction [J]. Front
Pharmacol, 2019, 10: 264.

s BT I8 B4 2 (i O B iR T A4 435 AE
FIMLEIET TS [D]. FER: B RLHER 2 K%, 2019.

Deng Y J, Pan M X, Nie H, et al. Lipidomic analysis of
the protective effects of Shenling Baizhu San on

non-alcoholic fatty liver disease in rats [J]. Molecules,



* 5412 -

¢ %% Chinese Traditional and Herbal Drugs

B51% FE218 2020 11 B

[29]

[30]

[31]

[32]

[33]

[34]

[35]

(36]

[37]

(38]

[39]

[40]

2019, 24(21): 3943.

Park SH, Lee JE, Lee S M, et al. An unbiased lipidomics
approach identifies key lipid molecules as potential
therapeutic targets of Dohongsamul-Tang against non-
alcoholic fatty liver diseases in a mouse model of obesity
[J]. J Ethnopharmacol, 2020, 260: 112999.

Liu Y T, Li X Q, Li AP, et al. UHPLC Q-Exactive
MS-based spleen metabolomics and lipidomics to explore
the effect mechanisms of Danggui Buxue Decoction in
anemia mice [J]. J Pharm Biomed Anal, 2020, 185:
113234,

Yi M, Zhang C H, Zhang Z Y, et al. Integrated
metabolomic and lipidomic analysis reveals the
neuroprotective mechanisms of bushen Tiansui formula in
an Ap1-42-induced rat model of Alzheimer's disease [J].
Oxid Med Cell Longev, 2020, 2020: 5243453.

Hu C X, Wei H, Kong H W, et al. Linking biological
activity with herbal constituents by systems biology-
based approaches: Effects of Panax ginseng in type 2
diabetic Goto-Kakizaki rats [J]. Mol Biosyst, 2011, 7(11):
3094-3103.

FEANGR, SBEZE, WY, & R T RO TN BB
RN E AR A =i iR Ol ) MG SRE ST Sl 7= 24)
Z:7&, 2015, 30(5): 1728-1733.

SR, FET A LC-MSIMS FiAR M 245 235 1545 g
AR ZE LI B e By 2830 3R AL B W I 4 T 3R AL AN
73 [D]. sUBL HErhRHUR2E, 2015,

WY, ARG, fREE, & BT RR B R e AL
PUIT R TE B B i A AR AL 2 T 9] R R
74, 2016, 11(9): 1670-1673.

JEL T AL 2 By a3 W B s 22 LR AP A RTAL AR T
7t [D]. dbxt: HE P EREER, 2017.

Zhang S L, Zhuang J C, Yue G J, et al. Lipidomics to
investigate the pharmacologic mechanisms of Ginkgo
folium in the hyperuricemic rat model [J]. J Chromatogr
B Analyt Technol Biomed Life Sci, 2017, 1060: 407-415.
Dou F, Miao H, Wang J W, et al. An integrated lipidomics
and phenotype study reveals protective effect and
biochemical mechanism of traditionally used Alisma
orientale juzepzuk in chronic kidney disease [J]. Front
Pharmacol, 2018, 9: 53.

B VIR RS2 B 20 M S st ik sk A s AL 1
BUAF 7T [D]. st dbaidhEEZ K%, 2019.

Huang L, Ye M Z, Wu J C, et al. A metabonomics and
lipidomics based network pharmacology study of
gi-tonifying effects of honey-processed Astragalus on
spleen qi deficiency rats [J]. J Chromatogr B Analyt
Technol Biomed Life Sci, 2020, 1146: 122102.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

Yan C X, Guo H M, Ding Q Q, et al. Multiomics
profiling reveals protective function of Schisandra
lignans against acetaminophen-induced hepatotoxicity [J].
Drug Metab Dispos, 2020, 48(10): 1092-1103.

Kwan H Y, Niu X Y, Dai W L, et al. Lipidomic-based
investigation into the regulatory effect of Schisandrin B
on palmitic acid level in non-alcoholic steatotic livers [J].
Sci Rep, 2015, 5: 9114.

Hu C F, Wang Y Q, Fan Y S, et al. Lipidomics revealed
idiopathic pulmonary fibrosis-induced hepatic lipid
disorders corrected with treatment of baicalin in a murine
model [J]. AAPS J, 2015, 17(3): 711-722.

Zhang A H, Qiu S, Sun H, et al. Scoparone affects lipid
metabolism in primary hepatocytes using lipidomics [J].
Sci Rep, 2016, 6: 28031.

Dong S F, Zhang S F, Chen Z R, et al. Berberine could
ameliorate cardiac dysfunction via interfering myocardial
lipidomic profiles in the rat model of diabetic
cardiomyopathy [J]. Front Physiol, 2018, 9: 1042.

5 7. FET IR N B WA R AR SR A
PF A4 ERLE [D]. 7% HE N RERE
THEFRE R, 2018,

Wen SY, Chen Y'Y, Lu J X, et al. Modulation of hepatic
lipidome by rhodioloside in high-fat diet fed apolipoprotein
E knockout mice [J]. Phytomedicine, 2020, 69: 152690.
Zhang T, Zhao Q, Xiao X R, et al. Modulation of lipid
metabolism by celastrol [J]. J Proteome Res, 2019, 18(3):
1133-1144.

Luo L Y, Zhou J Y, Zhao H Y, et al. The anti-
inflammatory effects of formononetin and ononin on
lipopolysaccharide-induced zebrafish models based on
lipidomics and targeted transcriptomics [J]. Metabolomics,
2019, 15(12): 153.

SunJH, He FJ, Gao Y, et al. Lipidomics-based study on
the neuroprotective effect of geissoschizine methyl ether
against oxidative stress-induced cytotoxicity [J]. J
Ethnopharmacol, 2020, 253: 112636.

Tan Y, Li J, Liu X R, et al. Deciphering the differential
toxic responses of Radix aconiti lateralis praeparata in
healthy and hydrocortisone-pretreated rats based on
serum metabolic profiles [J]. J Proteome Res, 2013,
12(1): 513-524.

Ma B, Qi H H, Li J, et al. Triptolide disrupts fatty acids
and peroxisome proliferator-activated receptor (PPAR)
levels in male mice testes followed by testicular injury: A
GC-MS based metabolomics study [J]. Toxicology, 2015,
336: 84-95.

Cai Y M, Gao Y, Tan G G, et al. Myocardial lipidomics



¢ %% Chinese Traditional and Herbal Drugs

B51% FE218 2020 11 B + 5413 «

[54]

[55]

[56]

[57]

[58]

[59]

[60]

profiling delineate the toxicity of traditional Chinese
medicine Aconiti Lateralis radix praeparata [J]. J
Ethnopharmacol, 2013, 147(2): 349-356.

Yang J L, Zhu A, Xiao S, et al. Anthraquinones in the
aqueous extract of Cassiae semen cause liver injury in
rats through lipid metabolism disorder [J]. Phytomedicine,
2019, 64: 153059.

Xie T, Zhou X P, Wang S C, et al. Development and
application of a comprehensive lipidomic analysis to
investigate Tripterygium wilfordii-induced liver injury [J].
Anal Bioanal Chem, 2016, 408(16): 4341-4355.

Zhou J Y, Yang Y F, Wang H J, et al. The disturbance of
hepatic and serous lipids in aristolochic acid I induced
rats for hepatotoxicity using lipidomics approach [J].
Molecules, 2019, 24(20): 3745.

Su D, Liao Z, Feng B W, et al. Pulsatilla chinensis
injury
ceramide/sphingomyelin balance that promotes lipid

saponins cause liver through interfering
metabolism dysregulation and apoptosis [J]. Phytomedicine,
2020, 76: 153265.

Zhang W W, Huo T G, Li A H, et al. Identification of
neurotoxicity markers induced by realgar exposure in the
mouse cerebral cortex using lipidomics [J]. J Hazard
Mater, 2020, 389: 121567.

Wang J J, Ding L F, Zhou J, et al. Target lipidomics
approach to reveal the resolution of inflammation induced
by Chinese medicine combination in Liu-Shen-Wan
against realgar overexposure to rats [J]. J Ethnopharmacol,
2020, 249: 112171.

Mo Tk T ERA A A IERAEMBETT [D].
MR SR BE 25 K5, 2016.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

;o= ETREHEAH AR [D]. W
IR BRI EE 2K, 2016.

AP, & M, 5k, F SRR R &R E
R I Jig B A = Wi p s [3]. b b e R A A Ak
&, 2011, 31(1): 52-57.

VLR, 1 M, R, 5. 50 M W AL
K sy S EERSEIA 0] AT, 2009,
38(2): 188-191.

Homma Y, lkeda I, Ishikawa T, et al. Decrease in plasma
low-density lipoprotein cholesterol, apolipoprotein B,
cholesteryl ester transfer protein, and oxidized
low-density lipoprotein by plant stanol ester-containing
spread: A randomized, placebo-controlled trial [J].
Nutrition, 2003, 19(4): 369-374.

W ISR B A 25 o RO AEYE
PERFS [D]. F & EEEERSE, 2011,

Fahy E, Subramaniam S, Murphy R C, et al. Update of
the LIPID MAPS comprehensive classification system for
lipids [J]. J Lipid Res, 2009, 50(Suppl): S9-S14.

Wang F, Chen L, Chen H P, et al. Analysis of flavonoid
metabolites in  Citrus peels (Citrus reticulata
“Dahongpao”) using UPLC-ESI-MS/MS [J]. Molecules,
2019, 24(15): E2680.

Li J, Yang P, Yang Q H, et al. Analysis of flavonoid
metabolites in buckwheat leaves using UPLC-ESI-
MS/MS [J]. Molecules, 2019, 24(7): E1310.

KR, RAARH, PR23E, & ISR PMN I
W R RO R A [J]. R EARZG4R A, 2008, 33(15):
1884-1889.

IR, VPR, SRR, 5 BRI IR RSERS S
FAERMIEBOCRI T [J]. HHE24, 2015, 46(6): 861-865.

A

¥, 0

A S

= S

e R 45 M e BB WIRT T I8 R 4 E 2R A M i8R
JR(FBRRE ) AE AM ARG KD R, RAEBEAAEE WA
RGBT M. FERESL B S At Az ids
HBHIE. TS @il kPATE. ZEA
Z AR R T https://www.lipidmaps.org/.

M BT TR AR A R 2R

®ik, RMRIRIYEARFHFHLHEME AR ELLREEFFHIORAUE L ZAAEY
F o iR P B RM A Mg Rk . AT ARERY, ik 6 vk B AR R e AUk e g R Radtig

2.

BT LR 09 5| NBEA5 A o 25 SR 2 M SR A LR 09 AT R B3



