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Research advance in efficacy evaluation, active substances and action

mechanism of traditional Chinese medicine based on metabonomics

GUO Sifan, CAI Ying, ZHANG Aihua
Chinese Medicinal Materials GAP Site, Heilongjiang University of Chinese Medicine, Harbin 150040, China

Abstract: The scientific explanation of the issues related to the effectiveness of traditional Chinese medicine, such as efficacy
evaluation, active substances and action mechanism, is the key problem restricting the modernization of traditional Chinese
medicine. Metabonomics is in line with the overall view of traditional Chinese medicine, the characteristics of syndrome
differentiation and treatment, with its high-throughput and holistic research characteristics to efficiently analyze the overall
pharmacodynamic process of traditional Chinese medicine. Organic integration of traditional Chinese medicine theory and
metabonomics technology can provide technical support for deep-seated elucidation of scientific problems such as traditional
Chinese medicine effectiveness, material basis, and mechanism of action. Therefore, this paper reviews the specific practice of
metabolomics methods to solve the pharmacodynamic evaluation and pharmacodynamic substance research of traditional Chinese
medicine, and looks forward to the future development direction of metabolomics strategies.
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Fig.1 Flow chart of metabonomics experiments



£ 2340 - FE45F F 118 20225118 ‘ﬁﬁ-#ﬁﬁtﬁ: Drug Evaluation Research

Vol. 45 No. 11 November 2022

R 7R AT, 45 & KA 7L
15 5 AT AR DR 7 45 C AT TR A 22 AR R A 4
JI ARG B R AE % 403 2 HE R T R A R
ROR 5 SRR A 100 26 1) 3 A 3 21200 33 HIAR
W 2H 2T J rp 24577 R0 B B AT 205, gy 1 )2 T 4
AR LA S w2 etk

JoL s F R AR A A BOR XS H g 2
B 3 T3 1 JE 18 SO K B IR TR R AR
YOt AN BHA Tz AR 27 VB AE AL Wb B
(K119 AN A A B LG, I 5 M FFOR I R A5 A = AR
Y~ ou- S0 PR PR A sk T X 55 13 2 AR 6
Lan 855 T 4% 6 R 0 (CH-NMRO i 5 A 6 240
SEROR KB VA O S A IO 5 v 7T A 2%
Pk 53] 26 2 300 K BRI AR AS L W 6 3 PRI
BT = - N-SE A ISR A R L LT
OISR B O A R A S E R I KT
G338 L AT BT A 0 D 2, W] DA SRR T B K
IEE 28 S 5 788 LA R BRANIR S5 . Chen S50 H
7 e TR - DO B A AT I ) B R AT 22 R
U 225007, 8 2 AR B GE v 43 K DL R 1 R
AU AR 18 R A BRI 7 51 R ) I s T e A A E R
1A,
2 REEF MR THALRREMFR

R AR R R R A
I fE % 235 55 1 R A FAH QB0 A 280 TEAL 2 e
Rl M KRR Z , HBA 258 4 1L,
245 25 20 IR A Al B AT AR B A e . R 7
H 515 SRS B T 25 A1 [A] 3 5 5% o 245 20
Gy AR o HE B 1EDRE TP 24 24 R0 o ki R 1
o 24 Jo B A 22 A R Y O B R R0
2.1 BIRAMAYREM

Yang S557 8 1 AR € 3 - 57 % ICH $2 R (LC-
MS) A AL 52 45 & 22 2RI 2 73 M 5 R A B 3R -
HEPET VBRI = P2 0k W S s W A T4
Z Wy R i R B AE I LB S .
SEESIE FIACH AL 20 e T R Bk e A ILRE K B AR
P RAC D s, R A N I 73 5 IR PR AR
FRAC Y RIS R, e L)1 o B 3R 5-25 )|
I B 2% 1) R ) W T PR A 2 ) R B 917 ¥ v I L
REVEFE I 25800051 . Huang 555K AR 20 2 i 26
FFRURAIE 1 25 P TR B S 25 S TR ol S ) R el L
R 2% 6 A TR BN B B R NS i R IR Bl A
SRAEHT . Ge UMl AR BE AR AL 22 45 & 20 70
TR TE 7 » R B 5 R w5 U 1 I [ I 2 )

A AN e A A R HE BT A F B ) .
Suntivich 24 FAC T 20 2 40 B K B 2 R Y
W3, 5- T OnHERE 2 JE R M &K -3-0- B ZEREE 1L
A -3-O- B 245 B AR R B 32 -7-O0- 46 %) BE 1 2 bt
S AE Y.
2.2 FHEFHNAYIREAM

SRS € VNS L RS E Y I Y P i e ]
T B B IR BR A5 3R IA 2 Wl R T S0 AL 2 B
FRU oIl R A AR 24 0 7 B T b IR Rk A R 1Y
TCATL 5 A AT AR 45 245 30, 6] — P 246 A [F RS AT
S FEAR N RIE A FMERD R . Rk #
AL T AR 2 AR S T iR A R
EAR W 2H 2% 70t 90 7 %%, I 48 b o B AN ff 5 7 1Y)
2 R B B S RO UR B I %
IR FH R R S SR A, A A 4 2
SR Gy TR A 33 T A 098 A 0 Y A I
WARE T Z N

T T A T = D7 UE AR 4 2= A
T3 VE 5y T 45 24 05 0 0 S B KRR P R AR U AR A
PR A4k, BR T AR 8 2% 5 % O A AR e A )
FHOCHE , B3 28 R L R HE 6 97 1 T BB 7E 245 350 I
. ETHRIEAR, CLRIKBEH KET
T X0 Ok R T S v T 28 R TS R A P D L B 2 C
5 OURE 5 2 55 A1 1 IRBA T B FH R IE 1Y) 24 28008
BRI R ORI R R NS B R
R (i y- R TR HR T 4R GBS oK
H. M FEEH NS 21 Rk, MK D25 N A ik
BT BT 22 91 R B 245 300 i B ). Kong 261952
FH 25 2 2 S 0 v 24 10T 29 0k 5 5 AR A %
FHEE G RIS 2 IR S KRR VR
R R FE Ty S A 0 A 1% 24 ¥R 7 W8 TR 99 R X 9
B AN SR T

A A1) ST T v A € R - DU AR AT - B F
38 B 7 3% (UPLC-Q-Orbitrap-MS) £ A # 1L # 2
J7 BN LRy, 5 70 R N LR A 5 52 A
)45 4 R B K B 22 VM BT L A 1T
A - K S RFE R SR R B R
FH SRR , 3 9 Fh N IfL 1 5 L R Ay 2 R T A
A A R ME SR R A FH PR 25 30 o A

FNRZHT 25 50F) Bl UPLC-Q-TOF-MS F1 % £% 24 7§
FHES B I ZR G SR , T8 38 R I B30 5 UKL v 1 1
B AT R AR R R CH R S 6- B R
BN /N B /N BE L R S VT S AT B VR T ID
RETEVH LA RIETEM 258 i B Liu&5Vis



$45%5 F11H 2022511 8 %!‘ﬁiﬂ';ﬁti Drug Evaluation Research

Vol. 45 No. 11 November 2022 - 2341 -

AU A 22 B AR B2 100N B A 58 BR 2R AT R AE , K
17 R 5 3L A SR IS AR 22 5, 4R 2 fa A 13
FhAR P 7K LB 5 OO, FEBE A N 4 2 B 2 5
BFREHARTN , KWFEF R R ERE IS
N VAR L7 VR T 2R LS T R4 -
3 ETREEZNFHERNGIIRE

AU A 2= R LA B A B A PR A, 15 Bh
EHAR T RAEM RGN O LR AERARE N, 2
T AR A AR R R AE L.
31 RS

Jiang ZPHEE T LC-MS AR 4H = R Kk I 2 @
B I T 2R R AR R s R AT L AR AR
DU 5 T8 A U 8 42 B 2 XU M D1 %, TR I 3 41 1
1% 55 IR 1~ -xB (NF-xB) {5 538 7% 1) 332 1 715 28
MG Thae, B R FEIT 2. Mei 550 i #5375
TEE L) A R FE I LS A1 , 56 0F B A R R
T 3 EE AR ZR AL R BT IR SR .

FEX T A7 ST S 55 7 b ORI 3 ] M T
IR HR K BR AR P ) AR T 36 B 47 X6 U IR 9, R IR
FI 25 7 AR U T 2 R [ 9 2R AR e B E 5 TR T
a0 O R R AR T H I TR AR L R R
RIS R R IRE RS . Yang 8 A R )
AU 2= ARTEAR K FERR A SRIEIT 2
RUWE PRI VE FMLEL . RIS 5 B n] 4 35 04
¥ D-FE AR D- 5 7 IR A D-4 2 Bt fg A1 D- 4+
R AU A R A WA R AR R R IR A S
BN BRI 1, IR
32 MR RERTF

Wk L 2 52 T U 3 2 T A 4 KA S R T G
BRI VBOE R SRS VAT ROER T RN R
2% 0 Ay (A 42 6 B 5 ma AR s B M AEH . 25
B S RN 259 5 HUAR AR ) K Oy T I 45 A B AL, IR R
BRSO 23 AT R 2 R X O B R A s, DA
80 FAE FHALEI RN T f# . 25980 S A HLAE
FH R ) 2 v 24 24 3800 o il R B B B AR, H
BT 259 -BEHR RAE R A 45 2R 2 D9 52 30 H0a 5 #ds 1e
FI 265 e 55 45 45 6 3R 1500

Guo 55V EE G AR 2H 2% 70 ) 48 24 31 BRI 7
T 2435 245 B XU i MUK S % T VR FH AR AL
RIS A R ORI B RS Sl R ER T4
R/ TR R R O 1 CAKTD) A 4 g/ 2 -6 (IL-
6) SR S B e AT E o Zhu SEUNR R T A I
T HREHCY R B A Sk 9 BT CEATL R, A T R AR B K
BRI 3,4- R FERIE TR IEE AN 3-(4-F2 3L 2K 3D

AR 5 3 e T P AL A R LR TR -O-
HE RO B S ok 2 P AE W0 04 22 B IR AH K,
F A TR EUY PT ReE I B T 2 S QB AT
HET R IR T 2R . Yan Z550 4R R 3 TS W] 3% v i
ML /N BR 6 AN B HE £« (185 1 (ALBD i S S8
T(INBE4I A R-1BUL-18) LR &8 & A 9
(MMPO) i S A RS SIS 52 4 o.(PPAR @)
S A A Tl A 28 B ) I 52 A4 y (PPARY) , i3k 1T 5 |
B it A5 1

Huang 851002 T HEE M4 AR 1 5 U= UKL BT H0A 1)
B IEAT , Y T 28 40 M R 7 4 A 3K -2 (TL-2)
A A0/ Z-10AL-100 K F 5 BFAK 88 2838 IR -
ol (TNF-00) i %8 41 i [K 7 TL-1B FTIL-6 7K 7 K 240 3%
G INRE . Li S B A H AR RIS 3k
AR AR A XI5 15 48 K B IALY7 H %) TNF-o0 AT IL-6
JKF-. Ling 557 iz K J7 i 3 U 15 i fiz il 2% it o
Ty B EEAE R BURE IR 1 JE Aty b, 33— 25 50 R I
JRE 7 T 8 T 485 i R0 S e M ek 8 7R R R
5-F2 (1 (5-HT) 7K1 BA B AH S i i ik (BGP ) il i
DR P R0, 3@ Ik S-HT-25 (3R A-20 R4 IR B2 ot
45 & B A - R 408 9% BT (5-HT-PKA-
CREB-BDNF) & /&4 4F H »
3.3 ERMEIRE

NKGE M AEH RN R RNAES RS, AT LA
W ANEE ESHAREMMETER. ENES
WX A, 3 B B R PR S N S s A A (5 5 B S
18—, P2 AR Re S 5 15 AR BEAR ELAE B A8 )= A
T8 A i R RS A o T - AR R R A AT
A HL 2 # v] B A2 A ML 1 R A B A R 3=, K&
AU P IR 3 1 5 S H A AR P 2 1A] () R, DARE
T 22 110 30 AR AR B 2 R X B e 1) S R teest RS
B AE P % 5 R 2 A R E R 3 B R
REVMARG S Z WA AEN LR S, $
= 06} i 18 B B 2 SR PR VR YT R T AL B Bl an £
FH A 0 5 2 1 97 I 1 T T 4 R T B U o
PR E DR AE

Shi 251844 16S 7% BE 4K RNA(16S rRNAD J& [A] 3]
J 5 A 20 2 SR T 3 AT R 6 9 O AR K R
T8 RN R AT L VSR 8 Turicibacter B
RIBW, WWmsdifa LIREBENEER . &
— B IR LA T T 5 I R A S o WA AR
iR B VIAH 5% . Hong 5107 A #E [m) £ i 241 22 Rk
B 2 WE B AR A 1 AR D AR S T A
TR U 5 DA S L A B v ZBRIIG I % . H



£ 2342 - FE45FE F11H 20225118 ‘ﬁﬁ-#ﬁﬁtﬁ: Drug Evaluation Research

Vol. 45 No. 11 November 2022

AR 9 B & Desulfovibrio vulgaris 7] UL 5 i i
AR (1% JH T 2 DR 2 e A5 =X, 45 ot o 400 o) Ok s 7 T
AR CD36 I 3RIE . ZouZE " S48 25 IR R 0
B KB R E O 5 A B AR KT B NS R A T
TR SR BE R TR AR e fE R, M B B 2 o
A Tl P 2 38 A0 I P R I A 75 1 S e AT

K EZ AR Ry 25 A FH I SR A& R, %o g 1 T e
BA RS ER . LiETYRE T R Z M giE
A AR W) XF BT 45 i A& VS AE TR . ke
SEIL R IR A0 78 0K F I AT O A N A R 5
F B A R i B R B R AR
(P AR Y LR & 4R WOE N 45 W b Rz 41 i R )
PPARY & 51T . TV Wi A= W B - WL 1 -PPARy
il , O T R M B T e
4 HEERE

AR 2H 2 (1) B AR 1 i 7 5 24 4 B A U A
— BRI T 2 2R 2R IR AR
H H B 7t A Eas FAR T 2H 25 4 R UE S BRIk 2 )
25 5 5 B RO LS 7 R 24 P AR Bk
245 245 30 2 L S T BC AR IR T A L 48 i 2 X T A
S o[RS R D PR 1 A 5T AN AR A 24 1 AR AR
A, DT 7 245 0 245 200 o kit 5 3k T 00 462 IE
FAE ML, B 5 A AT 1 2045 BT 4RA 2
F A AE P A R, 55 AL Ji 3896 7T 1 BH R IE | P far
WLIE T 5 A I RE A0 Rk Ak B 1 777 1 428 ey o o R |
JUUE K BRSE o RS AR A 22 R AE A 5 245 ot 9T 40t
S5 ) RS SR SR A o) W o I A 1) N AE S5 A SR T
HEARTT RPN S U7 T B R AMET

{EE AR 2H 2 5 AR R 24 1 Rl 475 A T AN T
JEE e 5E 35 TR B, R AR I 2 2 114 87 FH 3 7 3 72 DA
3 5 THI ) CO R BRAE AL, R 5 H A RE E 14
A5 FH PR, A — F5OE I P9I AR [R]  30E 4 ) 52 5%
P DL RE 45 B (1) 7 i P 2 0 3 ARk B2 78 v A
Tff e 1 o AR TR R 7 A 1 28 57 DL RO AR W bR )
() TR 7 25 5 4 0, B S ) JiE 8 1R 24 380 i i
IR R 5 K. (28 = 4 77 [ i 70 35 ARG 1)
A AT AT 40 B, T HL TSV R AR 2 A TR
PEAC U ZH 1 4, () B A 00 a2 Ak 7 v 245 4 2
SPHIE B, R 5 1E B B s R BRI S, 45
25 U I T SR AN TR R . (3D IR T ) T
AAN G b 25 55 07 B Bk, RS (1) RS
Tff P SR A v, B — AN 6 FH A g s A2 22 ol
ik HARHIH % 2540 57 o) 25 5 DL A AL
IR 5T 45 % SR T B s P AS B AN A, 28000 PR 2 [R) B

BN, A e
AR R 3 o

AR RAC U 2 2 BOARAE F = 24 0F 70 A A7 IR
ANBEFERIAE IR T BLR 3 77 - (DR R EUT Wb &
W, ) B HC TR R N R e B IT e A R
T 53 AT I 1 SRR HEAG S A P W AR S 1) B A
Vs S B AR ML o (D) BG ZRHEAR, g &
W 2% B0 42 40 S 70 10 1R N TR BERORR p 24 k
oy BEAT AQUTIE B AR S RS R & o i, R A AR
W 2H 22 S P PR A K Bidls R AT XA S8 AIE L B R 45 18
HERATE . [FII HEAT 22 4205 S B A2 SCRIE E » KA
o 5 R P SR 5 DL e S 2 2 A i AT R
o M SE BT rf 2645 Rk L 245 280 Jo ik it A0 AR
HLH R ABE T - (3) 2 AER IR BRI Ja Bi R
TF RV B B [R] IR J A58 3 7T 3 T AN [ B
st (R R ) 2 e AN AN SR B i 2R 4t Bt e
1715 BIRE M A5 5 0 2 i R s PR, 1B 4D o
A A ER G BT T & IR Y20 TP B 25 8 22
T8, DA St o 2 2 AL BERE

Mk R AL FEARGLEMN G R

AT IR BN AE T X fi 4% 45 2R 1 1 o i

EE P

[1] Bk 4, B R, HAE, & FE 2P AR 2
IR 2 P M AR R T 2538 7). vh B B A=, 2020, 17
(14): 195-198.

Chen H, Tang N, Tang H Z, et al. A review of TCM
industrialization in China and TCM industrialization
policies [J]. Chin Heal Indus, 2020, 17(14): 195-198.

[2] Wang X, Sun H, Zhang A, et al. Potential role of
metabolomics apporoaches in the area of traditional
Chinese medicine: As pillars of the bridge between
Chinese and western medicine [J]. J Pharm Biomed Anal,
2011, 55(5): 859-868.

[3] wkEE, EE%E . PEAAGAATF (1] 1R
oA hEZGIAAL, 2013, 15(4): 643-647.

Zhang A H, Wang X J. Metabolomics study of traditional
Chinese medicine [J]. World Sci Technol Mod Tradit
Chin Med, 2013, 15(4): 643-647.

[4] Ussher J R, Elmariah S, Gerszten R E, et al. The
emerging role of metabolomics in the diagnosis and
prognosis of cardiovascular disease [J]. J Am Coll
Cardiol, 2016, 68(25): 2850-2870.

[5] Shao Y, Le W. Recent advances and perspectives of
metabolomics-based investigations in Parkinson's disease
[J]. Mol Neurodegener, 2019, 14(1): 3.

[6] NiY, Xie G, Jia W. Metabonomics of human colorectal



$45%5 F11H 2022511 8 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 45 No. 11 November 2022 - 2343 -

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

cancer: and
biomarker discovery [J]. J Proteome Res, 2014, 13(9):
3857-3870.

Schmidt D R, Patel R, Kirsch D G, et al. Metabolomics in
cancer research and emerging applications in clinical
oncology [J]. CA Cancer J Clin, 2021, 71(4): 333-358.
Hicks L C, Ralphs S J, Williams H R. Metabonomics and
diagnostics [J]. Methods Mol Biol, 2015, 1277: 233-244.
Schrimpe-Rutledge A C, Codreanu S G, Sherrod S D, et

al. Untargeted metabolomics strategies-challenges and

New approaches for early diagnosis

emerging directions [J]. J Am Soc Mass Spectrom, 2016,
27(12): 1897-1905.

Zhang A, Sun H, Wang Z, et al. Metabolomics: Towards
understanding traditional Chinese medicine [J]. Planta
Med, 2010, 76(17): 2026-2035.

Lindon J C, Nicholson J K. Analytical technologies for
metabonomics and metabolomics, and multi-omic
information recovery [J]. Trends Anal Chem, 2007, 27
(3): 194-204.

Mg e, A NI, H Bk, 55 AR A EE R A
N E (1], BAR AP e 22 0t g, 2014, 14(33): 6582-
6585.

Yang G H, Ren G, Xiao X L, et al. Progress of
metabonomics in TCM research [J]. Prog Mod Biomed,
2014, 14(33): 6582-6585.

X8 2, mluia, A, 45 AR ALY 5 KRR Rl
Z5WFE [9). hE RAR 251, 2008(2): 82-88.

Liu C X, Si DY, Wan R Z, et al. Metabonomics in
research of natural drugs
medicines [J]. Chin J Nat Med, 2008(2): 82-88.

Metallo C M, Vander Heiden M G. Understanding
metabolic regulation and its influence on cell physiology
[7]. Mol Cell, 2013, 49(3): 388-398.

Pearce E L, Pearce E J. Metabolic pathways in immune

and traditional Chinese

cell activation and quiescence [J]. Immunity, 2013, 38(4):
633-643.

Pietzner M, Stewart I D, Raffler J, et al. Plasma
metabolites to profile pathways in noncommunicable
disease multimorbidity [J]. Nat Med, 2021, 27(3):
471-479.

FEW, T MW, B, 55 AR 55 R 2 AT 5
IR S5 R [J]. R EF 2526 &, 2014, 39(16): 3010-
3017.

Qin K M, Wang B, Chen L W, et al. Application and
prospect of metabonomics in modern Chinese medicine
[J]. China J Chin Mater Med, 2014, 39(16): 3010-3017.
ERERIE, F M, 5K I71, 45 RO A 2 A 4 A A
R N A [J]. 2, 2020, 51(19): 4837-
4845.

[19]

[20]

[21]

[23]

[24]

[27]

Bi Y F, Wang Y Y, Zhang F P, et al. Research progress on
application of epigenetics and metabolomics in
traditional Chinese medicine [J]. Chin Tradit Herb Drugs,
2020, 51(19): 4837-4845.

FEW, T ook, T P % ETREHZEEARN T2
i) IR Sk B VB R LI 58 [J]. R 24, 2013, 44(7):
918-922.

Li CY, Wang Z, Wang P, et al. Therapeutic material basis
and action mechanism of Chinese materia medica based
on metabonomic technology [J]. Chin Tradit Herb Drugs,
2013, 44(7): 918-922.

Griffin J L. Twenty years of metabonomics: So what has
metabonomics done for toxicology? [J]. Xenobiotica,
2020, 50(1): 110-114.

Lao Y, Wang X, Xu N, et al. Application of proteomics to
determine the mechanism of action of traditional Chinese
medicine remedies [J]. J Ethnopharmacol, 2014, 155(1):
1-8.

sz A, P T, E TR, B R AR VRN S 2 sk
Ji A AL [J]. AR A EOR: R 2L, 2016, 18
(5): 719-723.

Zhang A H, Sun H, Yan G L, et al. Evaluating
effectiveness and discovering efficacy substances of
traditional Chinese medicine [J]. World Sci Technol Mod
Tradit Chin Med, 2016, 18(5): 719-723.

B/, B, ERR . T R ABE SR TUA R B 1)
). P E 244, 2009, 34(2): 119-123.

Xiao X H, Xiao P G, Wang Y Y, Some key issues about
scientific research on traditional Chinese medicine [J].
China J Chin Mater Med, 2009, 34(2): 119-123.

Buriani A, Garcia-Bermejo ML, Bosisio E, et al. Omic
techniques in systems biology approaches to traditional
Chinese medicine research: present and future [J]. J
Ethnopharmacol, 2012, 140(3): 535-544.

R 4G, B, BRSPS R T A AL AT BR O
I RERL R 98 90 VI K SRR Y ) IF 9T [J/OL. Hp [ HR 2 4 35
2022, doi: 10.19540/j.cnki.cjemm.20220218.701.

Wu B, Shen M Y, Chen H P, et al. Spleen deficiency and
phlegm dampness syndrome model in rats treated by
Citri Reticulatae Pericarpium based on metabolomics [J/
OL]. China J Chin Mater Med, 2022, doi:10.19540/j.cnki.
cjemm.20220218.701.

Li C, Li Z, Wu H, et al. Therapeutic effect of Moringa
oleifera leaves on constipation mice based on
pharmacodynamics and serum metabonomics [J]. J
Ethnopharmacol, 2022, 282: 114644.

Gao J, Shi N, Guo H, et al. UPLC-Q-TOF/MS-based
metabolomics approach to reveal the hepatotoxicity of

emodin and detoxification of dihydromyricetin [J]. ACS



<2344 - FE4a5F F11H 20225118 "éﬁ-i‘ﬁﬁti Drug Evaluation Research

Vol. 45 No. 11 November 2022

[28]

[29]

[30]

[31]

(32]

[33]

[36]

Omega, 2021, 6(8): 5348-5358.

Fan R H, Liu C G, Zhang Z, et al. Metabolomics analysis
of Semen Cuscutae protection of kidney deficient model
rats using ultra high-performance liquid chromatography-
quadrupole time-of-flight mass spectrometry [J]. ] Pharm
Biomed Anal, 2022, 207: 114432.

T 2E, R L IR L i 2 BEAR iR R AE ZLAH AL
() [97. R BEEZG 446, 2015, 30(6): 1871-1874.

Sun X, Qian H N, Research on theory system framework
of traditional Chinese medicine of Shennong Bencao Jing
(Part I) [J]. China J Tradit Chin Med Pharm, 2015, 30(6):
1871-1874.

AR &R OEL S R ERIE T 4TI
R0 BF 7 S F (D). R B 24, 2022, 53(5): 1528-
1539.

Wang J, Kui X, Chen W, et al. Application on
metabolomics techniques in compatibility law of
traditional Chinese medicine formulae [J]. Chin Tradit
Herb Drugs, 2022, 53(5): 1528-1539.

PO A, )] P, A8 AV AR PR R A iR
& Z AL A B N H (0], A 2 2k R 2006, 31(8):
621-624.

Jia W, Jiang J, Liu P, et al. Application of metabonomics
in complicated theory system research of traditional
Chinese medicine [J]. China J Chin Mater Med, 2006, 31
(8): 621-624.

Joth, LXK, % &, & . 3T UPLC-Q-TOF/MS [
ANBH AL T3 B 18 1 2RE K BRI 5 AR AL 2R A 5 [T].
2y SRR 25 B, 2022, 33(4): 468-476.

You X Y, Wang W F, Xu X, et al. Metabonomics study of
Buyang Huanwu Decoction against plasma of chronic
inflammatory rats based on UPLC-Q-TOF/MS [J]. Tradit
Chin Drug Res Clin Pharmacol, 2022, 33(4): 468-476.
Lan J, Wu C, Liang W, et al. An effective treatment of
perimenopausal syndrome by combining two traditional
prescriptions of Chinese botanical drugs [J]. Front
Pharmacol, 2021, 12: 744409.

Chen S, Hu J, Lu D C, et al. Metabolomic characteristics
of spontaneously hypertensive rats under chronic stress
and the treatment effect of Danzhi Xiaoyao Powder, a
traditional Chinese medicine formula [J]. J Integr Med,
2022, 20(1): 73-82.

Zhang W J, Wang S, Kang C Z, et al. Pharmacodynamic
material basis of traditional Chinese medicine based on
biomacromolecules: A review [J]. Plant Methods. 2020,
16: 26.

T, R, TRAR I . b 2 2 0 B AR A ) AR B
SRR (1], 25538, 2021, 45(11): 855-861.

Shi F L, Lv H X, Zhang Z H, Progress of research on

[37]

[38]

[41]

[42]

[43]

[44]

[43]

relative dynamics of the pharmacodynamic material basis
of traditional Chinese medicines [J]. Prog Pharm Sci,
2021, 45(11): 855-861.

Yang M, Jiang Z, Wen M, et al. Chemical variation of
Chenpi (Citrus Peels) and corresponding correlated
bioactive compounds by LC-MS metabolomics and
multibioassay analysis [J]. Front Nutr, 2022, 9: 825381.
18, B, AL, &L )T HR BB AR IUAE FR) I FE A
WIS (1], 225 5ImIRZEE, 2020, 31(1): 72-79.
Zeng W, Luo Y, Huang K E, et al. Serum metabolomics
of hyperlipidemia intervened by Citri Reticulatae
Chachiensis Pericarpium [J]. Tradit Chin Drug Res Clin
Pharmacol, 2020, 31(1): 72-79.

Huang W, Zhang Z, Niu L, et al. Rapid discovery of
potentially vasodilative compounds from Uncaria by
UHPLC/Q-Orbitrap-MS  based
correlation analysis [J]. J Pharm Biomed Anal, 2021, 206:
114384.

GePY,QiYY, QuSY, et al. Potential mechanism of S.

baicalensis on lipid metabolism explored via network

metabolomics  and

pharmacology and untargeted lipidomics [J]. Drug Des
Devel Ther, 2021, 15: 1915-1930.

Suntivich R, Songjang W, Jiraviriyakul A, et al. LC-MS/
MS metabolomics-facilitated identification of the active
compounds responsible for anti-allergic activity of the
ethanol extract of Xenostegia tridentata [J]. PLoS One,
2022, 17(4): 0265505.

T PR R R R Gy vE S ——
&I EARIAL % [J]. R 2525 &, 2015, 40(1): 13-17.
Wang X J. Methodology for systematic analysis of in
vivo efficacy material base oftraditional Chinese medicine
—chinmedomics [J]. China J Chin Mater Med, 2015, 40
(1): 13-17.

WK, P OHE, B R, AL E TR AL ——h
5 25 BF 50 1 8T S g (7). b b 25 2% 3 2015, 40(4):
569-576.

Zhang A H, Sun H, Yan G L, et al. Chinmedomics: a new
strategy for research oftraditional Chinese medicine [J].
China J Chin Mater Med, 2015, 40(4): 569-576.

IRELYR, SREAE, I WE, S rp R D7 UEAR U 2H A 0 T
J& B IERLH (0], AR AR R 25 ELRAE, 2018, 20
(8): 1279-1286.

Su H N, Zhang A H, Sun H, et al. Research progress and
application of chinmedomics [J]. World Sci Technol Mod
Tradit Chin Med, 2018, 20(8): 1279-1286.

BRI A ORE, sk e, &5 v 25 ILTE 25 ) A S TN
K% H B A 77 vE R R (0], R R 2 2R & 2015, 40
(17): 3406-3412.

Yan G L, Sun H, Zhang A H, et al. Progress of serum



$45%5 F11H 2022511 8 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 45 No. 11 November 2022 - 2345 -

[46]

[47]

[48]

[50]

[52]

pharmacochemistry of traditional Chinese medicine and
further development of its theory and method [J]. China J
Chin Mater Med, 2015, 40(17): 3406-3412.

sk, R T, R A, & BT R U R AL A
AL FUIRIB0G 7 8 BH REIE R4 52 R il 55 4F L ILERAT 9
D] SRR AR 2 25 B4R, 2016, 18(10): 1670-
1683.

Zhang A H, Liu Q, Zhao H W, et al. Study on material
basis and mechanism of Menshi Oral Liquid in treating
kidney yang deficiency syndrome based on metabolomics
of TCM prescription [J]. World Sci Technol Mod Tradit
Chin Med, 2016, 18(10): 1670-1683.

FIRESC, AL B, W)W, AL R TR BE T UEACH A A AR
K R T 4 0 SR AE K R 25 380 B R T AT ().
R A PRI, 2016, 18(10): 1720-1729.
Lu S W, Kong L, Chu H, et al. A research for evaluating
the effectiveness and discovering the pharmacodynamic
substances of Sheng Mai San in the treatment of
Alzheimer's disease [J]. World Sci Technol Mod Tradit
Chin Med, 2016, 18(10): 1720-1729.

Kong L, Sun Y, Sun H, et al. Chinmedomics strategy for
elucidating the pharmacological effects and discovering
bioactive compounds from Keluoxin against diabetic
retinopathy [J]. Front Pharmacol, 2022, 13: 728256.

45 &) ZE4EI, 12 B, % . 3E T UPLC-Q-Orbitrap-MS
M55 70 45 BOR B 75 #7725 R0 s #: Atk 4y Bt [J/0L).
o [ sz 56 05 # % 4% 35, 2022, doi: 10.13422/). cnki.
syfjx.20220353.

Zou Z,LiJ S, Xu Y, et al. Analysis of pharmacodynamic
material basis of Qingyan Formula based on UPLC-Q-
Orbitrap-MS and molecular docking [J/OL]. Chin J Exp
Tradit Med Form, 2022, doi: 10.13422/.
syfjx.20220353.

VAL, B, 255 9], 4% . 5T UPLC-Q-TOF-MS Al
IV 5% 25 3E 2 (R 328 53 9 ORI D B PRV A A LT 7
FE 25200 L R E 9 (D). v [ 25 5 A R, 2022, 57(1):
44-51.

Sun C H, Tian Y, Li R M, et al. Potential pharmacological

cnki.

substance basis study of Lianxia Xiaopi Granules for the
treatment of functional dyspepsia by UPLC-Q-TOF-MS
integrated with network pharmacology [J]. Chin Pharm J,
2022, 57(1): 44-51.

Liu Y, Ju Y, Qin X. Studies on the compatibility
mechanism and material basis of Danggui Buxue
Decoction against anemia mice using metabonomics and
network pharmacology [J]. J Pharm Pharmacol, 2021, 73
(6): 767-7717.

Jiang Y, Zheng Y, Dong Q, et al. Metabolomics combined

with network pharmacology to study the mechanism of

[53]

[54]

[55]

[56]

[58]

[59]

[60]

[62]

Shentong Zhuyu Decoction in the treatment of
rheumatoid arthritis [J]. J Ethnopharmacol, 2022, 285:
114846.

Mei R, Chen D, Zhong D, et al. Metabolic profiling
analysis of the effect and mechanism of Gushiling
Capsule in rabbits with  glucocorticoid-induced
osteonecrosis of the femoral head [J]. Front Pharmacol,
2022, 13: 845856.

B, Tk H, By, 5 BE T LC-MS AR = H A
FRY 58 25 A UKL 7 AR 2 AIRALE ) A PR L #6123 A [0/
OL]. " 25 25 B 5 s IR , 2022, doi: 10.13412/j. cnki.
zyyl.20220509.001.

Zhao L R, Zhang Y, He P, Mechanism of Chaiqin
Ningshen Granule in the treatment of insomnia with
ganyu symptom based on LC-MS metabolomics [J/OL].
Pharmacol Clin Chin Mater Med, 2022, doi: 10.13412/].
cnki.zyyl.20220509.001.

Yang Z, Dan Wang, Li Y, et al. Untargeted metabolomics
analysis of the anti-diabetic effect of red ginseng extract
in type 2 diabetes mellitus rats based on UHPLC-MS/MS
[J]. Biomed Pharmacother, 2022, 146: 112495.

Chen X, Yan C C, Zhang X, et al. Drug-target interaction
prediction: Databases, web servers and computational
models [J]. Brief Bioinform, 2016, 17(4): 696-712.

Guo B, Dong W, Huo J, et al. Integrated metabolomics
and network pharmacology analysis immunomodulatory
mechanisms of Qifenggubiao Granules [J]. Front
Pharmacol, 2022, 13: 828175.

Zhu Z, Wu S, Wang Y, et al. Reveal the antimigraine
mechanism of Chuanxiong Rhizoma and Cyperi Rhizoma
based on the integrated analysis of metabolomics and
network pharmacology [J]. Front Pharmacol, 2022, 13:
805984.

Yan P, Wei Y, Wang M, et al. Network pharmacology
combined with metabolomics and lipidomics to reveal the
hypolipidemic mechanism of Alismatis Rhizoma in
hyperlipidemic mice [J]. Food Funct, 2022, 13(8): 4714-
4733.

Huang D, Wang L, Wu Y, et al. Metabolomics based on
peripheral blood mononuclear cells to dissect the
mechanisms of Chaigui Granules for treating depression
[J]. ACS Omega, 2022, 7(10): 8466-8482.

Li T, Wu F, Zhang A, et al

chinmedomics strategy discovers the quality markers and

High-throughput

mechanisms of Wutou Decoction therapeutic for

rheumatoid arthritis [J]. Front Pharmacol, 2022, 13:
854087.
Ling X, Peng S, Zhong J, et al. Effects of Chang-Kang-

Fang formula on the microbiota-Gut-brain axis in rats



£ 2346 -+ FE45F F 118 20225118 ﬁﬁ-i‘ﬁﬁti, Drug Evaluation Research

Vol. 45 No. 11 November 2022

[63]

[65]

[66]

[67]

[69]

with irritable bowel syndrome [J].
2022, 13: 778032.

Weersma R K, Zhernakova A, Fu J. Interaction between
drugs and the gut microbiome [J]. Gut, 2020, 69(8): 1510-
1519.

Thaiss C A, Zmora N, Levy M, Elinav E. The
microbiome and innate immunity [J]. Nature, 2016, 535
(7610): 65-74.

Agus A, Planchais J, Sokol H. Gut microbiota regulation

Front Pharmacol,

of tryptophan metabolism in health and disease [J]. Cell
Host Microbe, 2018, 23(6): 716-724.

de Groot P F, Frissen M N, de Clercq N C, et al. Fecal
microbiota transplantation in metabolic
history, present and future [J]. Gut Microbes, 2017, 8(3):
253-267.

Xu J, Lian F, Zhao L, et al. Structural modulation of gut

syndrome:

microbiota during alleviation of type 2 diabetes with a
Chinese herbal formula [J]. ISME J. 2015, 9(3): 552-562.
Shi H J, Chen X Y, Chen X R, et al. Chinese medicine
formula Siwu-Yin inhibits esophageal precancerous
lesions by improving intestinal flora and macrophage
polarization [J]. Front Pharmacol, 2022, 13: 812386.

Hong Y, Sheng L, Zhong J, et al. Desulfovibrio vulgaris,

a potent acetic acid-producing bacterium, attenuates

[70]

[71]

[72]

[73]

nonalcoholic fatty liver disease Gut
Microbes, 2021, 13(1): 1-20.

ZouY T, Zhou J, Zhu J H, et al. Gut microbiota mediates

in mice [J].

the protective effects of traditional Chinese medicine
formula Qiong-Yu-Gao against cisplatin-induced acute
kidney injury [J]. Microbiol 2022, 10(3):
€0075922.

Li D, Feng Y, Tian M, et al. Gut microbiota-derived
leaf
attenuates colitis through PPARy signaling activation [J].
Microbiome, 2021, 9(1): 83.

BT, W, P55, A5 BT GC-MS AR A 2 4
1) - PR AL ¥ 7 S AR M e i K B PR T AL BF 5 (7. o
24,2020, 51(3): 669-681.

Yao M X, Ran S, Sun F F, et al. Mechanism of

processing-compatibility of ginger in

Spectr,

inosine from dietary Dbarley supplementation

treating cold
asthma rat by gas chromatography-mass spectrometry
based on metabolomics [J]. Chin Tradit Herb Drugs,
2020, 51(3): 669-681.

W ok, W 0, SRR, SRR T R AL BRI P R 2
WEFERE R [J]. rF B 25 24 T 40, 2019, 16(24): 24-28.

Yang B, Yang Q, Zhang A H, Research progress of
traditional Chinese medicine based on metabolomics
technology [J]. China Med Her, 2019, 16(24): 24-28.

[TEmH  Firx]



