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Abstract: The pharmacodynamic substance of traditional Chinese medicine (TCM) is an important basis for
its mechanism and quality control, and also a key scientific issue for the inheritance and development of TCM.
However, the complex characteristics of multi-component, multi-target and integrity of TCM, as well as the
limitations of modern scientific research technical methods, have brought great challenges to the research. The
interactions between Chinese medicine and intestinal flora provide us with a new idea. Based on the effective role
of TCM and the hypothesis of correlation between intestinal flora and disease, the research on the material basis
and mechanism of action of TCM based on intestinal metabolomics mostly explored the relationship between
microflora and host phenotype, gradually deepening, and finally focused on the relationship between intestinal
strains and molecular levels. This paper summarized the research ideas and key technologies of this model, in order
to provide reference for the application of this model.
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1.1 PHUFER S HIE RAERAZIEMN

T S i) 2% HR R 2G4 ), B A4S BN R B HR L
AL, H AT R RAL S E B . B IR R 56 B
Sl WA TR A F 24 B B R B A7 B ) 7 FR 24 R
AT N2 R IR AR A A TR BR S5 S BT R IR R AR R
&, SEAN T 2GR, D R R A I T i T
1) 24 24 250 IR A AN A P AL BT 5 1) e

Zeng SV SR AL TR A Hh 22 AR SR 11 42
HRAlifb ik B2, JF 05 o v i 22 B AR 0 B R 2R R 2y 1R AT 8
I E, R A A AL AR B SR AN JEXAR 4R A AE
[ SR ), T8 A b A R AT I 108 B 2 P AH G R R
AWFFE o Sun ZEUIAE 5T 1 FL A 22 B AR R AR & S
WA RIRI#EAE Ty i B S 160 U8 5 VB, B Je i 22 B kAT 43
B A S RAE, T8I AT N R AR R A L 2K
1.2 BAEEBA P AYE A RS

H A P 2 22 A AR 4 2 B 23 AT A2 1) B g i
W BRI 25 2530 2 IR B R RINE 2 FBL. 16S rRNA
TR % R4 L 16S PicBio SMRT &5 & £ A w] F
O3 M7 P 3 T R AL R S LR e B DR B O 2

BRI 22 7 /N TR = VR A 5 1
FAH ELAE 0 SGBE h Ta) 4, DR AT DA SR FH S 4 1) B
) AR 2H 27 7 A RAEAR U, B 2 AR R AL, A B
T 5052 21950 B R 24 52 0 (1) 5 11 38 AR AR DR AR
Wik e, FHEAH KA IR LY L R 256 T S . i
— i@ i Pearson . Spearman . GRaMM!"*/45 75 v %ot ik 4=
WA RIAR U ZH AR B 3R Y kAT ORI 4 A, ke B Ak
Y R RG22 MR R Ao, FHREA
0] ARAEAC U D RE, 7T DAk — 20 25 & B0 ) A 1 2H 2
J7 VXA A 3E AT SR U b 53 AT

Blan, N T AR 55 /NEER (berberine, BBR) X 7 5 H¥
i B2 B4 21 (dextran sulfate sodium, DSS) %5 5 19 45 I %
KB AT R, Jing %R 16S rtDNA i
PRI, BBR W] DLE I PR AR 45 W 96 KBRS BE TR 1]
= PR T I AR JE B B 1D AUURT BR T B e ol it 3 AR
2H 2255 #r & B, BBR 7] LA[EL DSS BT SUAR 3 27K F
AR, 5y Ah Zeng M E I /) BR IS E R 41 B 168
rDNA [l 7 73 # % BT 22 WY 48 5 B B (polyme-
thoxyflavone-rich extract, PMFE) W] UL % fi# /= 5 X &
(high-fat diet, HFD) %5 5 /) i 18 B B O o K FH 2548
JF #8 e £ 6 20 2 43 7t X I PMFE 1] LL 2% HFD /) Bl
[ 37 %% % £ 2 (branched-chain amino acids, BCAAs)
IR, I HodE— 202k A LI 2 () A 20 2 Bk it 45 2R,
Spearman #H ¢ 73 B 38 B 1 4 5 5 R 1) /K ¥ 5 44k H 4
BA A B S AP AR R E 2 1EAH M, Huang
VLA 16S rRNA P 7 & B, 87 7H 45 7T LA AR 2818
" Lactobacillus, Bacillus, Streptococcus 1 Lactococcus
()= B, X LS TR J 1) 3L [R] D B2 7 AR H ER /K R I (bile-
salt hydrolase, BSH). N T W7 /Nig # A7 7E 1 2B 9
FE DR (R AH 5C Ty el i, SR FH 7 = IR 28 2 3R A0 gy 3 T
DiRe, 458 Won BSH AH G B B H R 1 h 39
Frigi /b, R LA 75 5 75 b 2 Al bt — 20 X 2 £ 1 BSH
T 1 DL WL AT 5 82 0 At AR A R 16S
rRNA 45 & AR AU H 2 B R R AL T H K- -8
IKAE B B B g 55 D kT, DL KB B B AR 5 5 1 i
1R Y,
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L

W (germ-free, GF) s) ¥ 1 0 TC 1 21 (/L &R
Ab P ) R FHORAR T Hh 24 4 2 BRSO T M 1 T
PR o SR P X B b A 28 Aef iy T B A AR v, SRS
I MR R, W12 B T8 TR RS 25 2 R PR R Ok
R, A TCIE € RS B AR W) R HEAE o IX PR P AR A %
AR A, BEARTOTE /N BRS8N =2 TE R R
T FEI 38 S bR, (T AE 22 Ab BRAR AR 2 — P B A Pk
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AV EE, Zeng FE PMFE 44 25l IR G PiE R
AL EEHFD /N B, 24 T8 1 R4 T2E Z AN I, PMFE 19
BRI E B ER . B 7R S PiAE R KR IE
TR A0 24 R8RS, 3 AT AR F B — B0 A ER e SR T
Mo TE4 M E % (Hirsutella sinensis mycelium, HSM)
Z BB HI1 #0145 25 2 T, 4 045 T HFD /N RS —Hi A=
RO NG R HH FER A ER ISR,
g5 R AU B 8 2 AT BLVHE B H B9 BT IE pEAE
B, 5 2 BUSE T RS2 HI BUAEREE F B e B
14 ERBEWIIMERFMNPAHAYHNERXR

F& 1 % 1 52 56 (fecal microbiome transplantation,
FMT) ¥ Ao (AR () S 4 o 6 78 3 2 AR sh W) s N\ &
b, DA 2 AR A, R SN 2
PEARFH I R AL . FIE I i 1 B A 7V — A, 10Tk
RE A% S Bl iz T8 TR R T 92 2 AR IR DR R R R, HL & AN g
STy F B o

Wu PV G S R B IE A T AR R
K2 U B 0 N BRI S A A WO B RS BN HFD %2
ANBRARN, 5HABPIHAE L, 2 IEF IR A R E 5
22 WH /0N B2 DR RS AL 1) 52 A4 A B el A%, B PR AR 98055, 3R
e B S B BT RE A Y, 35 T T A RT B/ 3 HSM
(P RE A

FANEA WK B I B R ), Ba
TENV LM Ia TT LAS IR 251050 T R RS2 ., ke
TR/ R I S VR T, B R A R X iR T
AN B, Huang 2506 aPD-1 AE B B 3 1) [ #2
Mg LR/, EE G, RIS Z P45 oPD-1 B
IRIT, S5 ARG IR YT AT LU 35 S e A G,
g% [ S, FF BN RIG ST —#F, v DU 5 A [ 0 1 3
AHRARH -
1.5 IEMEMEKER E RN AN

I IR AT 75 5 24 24 RO Ok B U Y R
WRJE, P IR TU AR Y R R 2 7 e R I R R A
A A R B AR B AR AR, A R T A A R 25 4E Y 43
T o AT DL £ 3h W55 A Bl A AR 2R ) S Tl A Y e
RAE H G BB Fa bR B 7+« W Hu 55276 B i BBR
A] LA AhR (aryl hydrocarbon receptor), & & 45 iz %
KR i B b ), 33— 202k F Caco-2 B 8446 1F BBR 1
FH 053 5 HLH, 4 45 i 98 0K B A BBR T J K B )
T 5 Caco-2 JL A 15 7%, 45 R KW, BBR A 11 5 1Y
Ji7 38 B A T LABOE ARR 244 . Wu S50 8 H SO B
¥k P goldsteinii, 7& H1 JTAEREAE 08 B, i — 50

P. goldsteinii £ 8 25 7 HFD /MR 8 J&, I8 E HPrIEFEAE
H, &5 R WI AT LLE 25 P AIC HFD /) B4 E5 55 0 L P2 {1
PN T IR I3 0168 o 3R 1 A S A PP Al vk 4R B i B
14 (IL-18) N B = /K~ M i iE il 1k

AT U R EEAT R S5 5%, B B A 75 AT BL
A HE L S BEAC I, B R AR ) AN iE T 2 1A A T
PEFIBLAE] . Zeng S51IR AR 570 M1 %€ Bacteroides 7
PMFE 67 AR 5 & A 1 5C B 1 ) i, 709 % PMFE
5 Bacteroides J& I 5N T MR BEAT 1 1 3 57, AR 4k B PR
=T R AR Y AL (BCAAS) T3k H B. ovatus N
KEEBE k. 13— ¥ B. ovatus 25 T HFD /) i 56 iF H
X 9 5 b A B ) B 52 R, 45 2R 2R B. ovatus
SR W AR, T KIS B9 B. ovatus TG TT VR M.
1.6 IIERERISYIRES = EHNZAR

I BT PN E R R B e u A e, it
— X 1E AR S AR 2 T IR 9% R HEAT ERAIE, 4N
K FH AR S0 R 57 i 18 TR D 72 AH DA AR AL, B 23
Frdi A R AL B B S TR R A X I TE A RIS . B
PRI AU YIRS 25 R AR B 52, A A 00 i 24 45
FHHLHIA SR 1R A

4N Li 82258 i A 20 2 40 B B K 2 ] BL T
i 4 AN RIS UL SRS &, JREd s
RO AR FRE L ERIEHEN T S H S5 hiE
B R (B R) FIR R AR YIE
HHIE B EAT (A A Ab SEI0 B0 IE, A4 28 i 52 56 1iE
LNIRENIEERENER: AT SEPNEnY M o2 Vi DL NP U =R R ]
B K 18 58 W) 00 52 K (peroxisome proliferator-activated
receptor, PPAR) y {5 5 K DI g, [RIFF 304 5L 56 4E B L
i@ IR ¥ 5214 (adenosine 2A receptor, A2AR)/PPARy
B3 3B Th e B A6 I 9%, DAL WL & K22 i &5

v 24 15 i 1 B RE AR S AT, W RATS A0 S H R T
i, W R PR IR AR 4, g 2 i) BH P 24 (R4 AL, B
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RAER . i#id 16S rRNA % 5 PR 4 45 0 e 5 125 ik
2 H I OB TR R, Bl A 2 2 0 o ) 25 1
F o A, AN 3 B R S5 4 7 5 T g T T3 (R
705 7 3 TR AR 5 4 SR D RE AR M S . X AN i
T AT DA S 0 40 5C B A7, 7R 40 T BE AN A 5% 23 B SR A AH
FARY Y, wn G491 317 o w] L SG i AR, P SR AR
SIHTAROG B 1, Gn 2245 9\ 11075 B3 [R] i %o Jig 1
TR AR 7 0 BE AT AE SRR 20 A, 2 — X 22 R A
22 S AR P EAT AR 5 70 A, SR A S SR AR g 3 B AR
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Figure 1 The research idea of traditional Chinese medicine (TCM) material basis and mechanism based on intestinal flora. GF: Germ-free;

FMT: Fecal microbiome transplantation

Table 1
vone-rich extract; BSH: Bile salt hydrolase; BA: Bile acid; FXR: Farnesoid X receptor; FGF15: Fibroblast growth factor 15; GE: Ginseng;

Case studies on pharmacodynamic substances and mechanism of TCMs based on intestinal microbiota. PMFE: Polymethoxyfla-

MA: Myristoleic acid; LCFA: Long chain fatty acids; BAT: Brown adipose tissue; GPs: Ginseng polysaccharides; NSCLCs: Non-small cell
lung cancers; AOS: Alginate oligosaccharide; BL: Barley leaf, PBM: Gegen Qinlian decoction; M-LCFAs: Medium and long chain fatty
acids; AAs: Amino acids; APS: Astragalus polysaccharides; NAFLD: Nonalcoholic fatty liver disease; BBR: Berberine; Prob: Probiotic; PL:

Postprandial lipidemia

Object of study . Effective substances and molecular
No. Desease model Research design . Ref.
(TCM) mechanisms
1 Citrus PMFE ~ Metabolic syndrome 1. metabolic protective effects; PMFE improves metabolic dysfunction [13]
2. 16S rRNA-focous on Bacteroides; involving the enrichment of B. ovatus,
3. Fecal untargeted metabolomics + serum targeted a potentially beneficial intestinal
metabolomics-key metabolites; bacterium.
4. Cocktail of antibiotics;
5. FMT,;
6. Fecal batch-culture fermentation in vitro-key
bacterial strain-efficacy evaluation.
2 BBR Colitis 1. Pharmacodynamic indexes; BBR treated DSS-induced colitis in [16]
2. 16S rRNA; rats through the regulation of gut
3. Cocktail of antibiotics; microbiota associated tryptophan
4. Metabolomics analysis; metabolite to activate AhR, which can
5. In vitro mechanism: Caco-2 cell monolayer model +  greatly improve the disrupted gut
gut microbiota. barrier function.
3 Pu-erh tea Hypercholesterolemia 1. Pharmacodynamic indexes and preliminary Theabrownin increases the levels of [17]
mechanism (human + mice); ileal conjugated BAs which, in turn,
2. 16S rRNA + metagenome-BSH; inhibit the intestinal FXR-FGF15
3. Determination of bile acids; signaling pathway, resulting in
4. Correlation analysis of components of Pu-erh and  increased hepatic production and fecal
BSH bacteria; excretion of BAs, reduced hepatic
5. Theabrownin reduced BSH bacteria abundance cholesterol, and decreased lipogenesis.
and BSH activity;
6. Ileal conjugated BAs inhibited FXR-FGF15 to
promote BA synthesis.
4 H. sinensis Obesity 1. Pharmacodynamic indexes; HSM polysaccharides enrichs the gut ~ [19]
mycelium 2. FMT verification; bacterium Parabacteroides goldsteinii,
polysaccharides 3. Cocktail of antibiotics + single antibiotic- prevents body weight gain, improves

neomycin sensitive gut bacteria;

4. FMT: faecal microbiota with single antibiotics ex
vivo prior to FMT;

5. Single strain culture and transplant.

intestinal integrity and reduces
inflammation and insulin resistance.
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Continued
Object of study . Effective substances and molecular
No. Desease model Research design . Ref.
(TCM) mechanisms

5 GPs NSCLCs 1. Pharmacodynamic indexes and preliminary GPs potentiate the antitumour [20]
mechanism: GPs increased the antitumour response effect of aPD-1 mAb by enhancing
to aPD-1; CD*' T cell function and reducing the
2. 16S PicBio SMRT- Muribaculaceae increased,; suppressive effect of Tregs, which
3. Metabolomic profling- short-chain fatty acids and ~ might be addressed by reshaping the
tryptophan; P, distasonis and B. vulgatus and
4. Clinical analysis: Intestinal flora difference of tryptophan metabolism.

NSCLC responders and non-responders;

5. FMT: LLC bearing mice transplanted with feces
from non-responders, GPs reinstate the response to
aPD-1 mAb treatment.

6 BL Ulcerative colitis 1. Pharmacodynamic indexes and mucosal barrier BL enriches microbiota- derived purine [21]
function; metabolite inosine, which could
2. Transcriptomics: BL alters gut gene expression activate PPARy signaling to protect
profile and activates the PPARy signaling pathway; against colitis.

3. Metabolomics: derived purine metabolites;

4. BL fermentation: enrichment of inosine and
guanosine;

5. Function of metabolites in vitro: inosine activates
PPARy signaling in human colon epithelial cells;

6. Function of metabolites in vivo: inosine improves
intestinal functions and protects against colitis via
A2AR/PPARy.

7 GE Obesity 1. Pharmacodynamic indexes and preliminary GE-E. faecalis- LCFA (specifically [23]
mechanism; MA) axis reduces obesity by increasing
2. 16S rRNA-GE treatment enriches Enterococcus BAT activity and beige fat formation.
faecalis;

3. E. faecalis reduces obesity: E. faecalis treatment;
4. Mechanism of E. faecalis: serum metabolomics-
MA;
5. The efficacy of MA-increasing BAT activity;
6. Genes functional verification.
8 AOS Small intestinal 1. FMT-16S rRNA (FMT-AOS/FMT-CON); Gut microbiota from AOS-treated [24]
mucositis 2. FMT- Pharmacodynamic indexes; donor improves small intestine
3. Serum metabolomics; function and blood metabolome.
4. Correlation analysis of microbiome and
metabolomics.

9 Rhein Ulcerative colitis 1. Pharmacodynamic indexes; Rhein increases Lactobacillus, which [25]
2. Non-targeted metabolomics-rhein altered purine indirectly changes purine metabolism
metabolism and decreased uric acid level; and subsequently alleviated colitis.

3. Function of metabolites: uric acid led to intestinal
barrier damage;
4. 16S rRNA+PCR-Lactobacillus level increased;
5. Cultured Lactobacillus sp. in vitro-uric acid
decreased;
6. FMT determine whether gut microbiota altered by
rhein had therapeutic benefits.
10 PBM Ulcerative colitis 1. Pharmacodynamic indexes and mucosal barrier PBM could improve colonic [26]

function;

2. Cocktail of antibiotics;

3. FMT;

4. 16S rRNA;

5. Targeted metabolomics (SCFAs + M-LCFAs +
AAs + BAs);

6. Correlation analysis of microbiome and
metabolomics.

inflammation through intestinal
mucosal barrier, increase the
production of propionate and total
SCFAs regulate M-LCFAs, maintain
BAs, and regulate AAs metabolism.
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Continued
Object of study . Effective substances and molecular
No. Desease model Research design . Ref.
(TCM) mechanisms
11 APS Nonalcoholic fatty 1. Pharmacodynamic indexes; APS enriched D. vulgaris is effective [27]

NAFLD 2. 16S rRNA;

3. Co-housing experiment assess the microbiota
dependent anti-NAFLD effect of APS;
4. SCFAs determination-acetic acid were elevated in

APS-supplemented mice;

on attenuating hepatic steatosis
possibly through producing acetic acid,
and modulation on hepatic lipids
metabolism in mice.

5. Acetic acid producing bacterium-metagenomics-

Desulfovibrio vulgaris,

6. D. vulgaris anti-NAFLD efficacy.

12 Prob+BBR Type 2 diabetes

decreased;

3. Recovering fecal enrichment of Bifdobacterium
breve could be responsible for Prob+BBR induced

PL improvement;

1. Clinical study: Prob+BBR improves PL;
2. Lipidomic profle: MCFA and phospholipids

The activation of fadD by BBR could  [28]
enhance MCFA import and

mobilization in B. breve and diliminish

the intraluminal lipids for absorption to
mediate the effect of Prob+BBR on PL.

4. In vitro culture: BBR induces the expression of

fadD genes regulating FFA simulation in B. breve.

SRR R il B AR S, SR 2 R AR TS
VEREAT IE RIS E, 18 oA 3T Wil &% FMT I BH o 244
FH AR T g 308 B o, S Ak b R 7 SR 9 RS A 56 E T
PRIGAE) 2 ThRE, 18 40 BB IR o T AR 2 F
B R AR P 1R AR 5 DR, e 24 1) B o 24 1 AR R WL
il HEA o TE B R AR S T4 7 1 TR B B B AR L AN
RBREPR B L R AL B ML S 72
2 KRR
2.1 WHEYEZRERIFEFEXIKTH

BT B WA RS E AR, BT Tk
JIRIN o T B ARG, I B VR 4l b R A, R
THA T BEWRIE R K> T (4F 4 5 B B .DNA K 2
BESE) . DAL, ] 3 4 23 B A R AT AR
IR ik R EE RS —D . TP A TSR 1)
AW R R 5E %, AE A S R SRR R 1
ARV e FE b S BRAEDARTESR, 2 i FESE LA U5 B .
2.1.1 WEYAZE  rhlEid 16S rRNA By
e ke TR 4 2 1) ““ i SRR DN 5 4 A g T T 1 2L s B
17 Vi JB T BE T RE TR, SR J5 X 1 4 25 89T (OTUs) Al
H A T §E DNA H BUAT A MG BB i1 T =
AR 7 52 A ) 45 K Marker 3 RN 5 5 48 H 28 2,
A DASRAS 5 DA 1) 4 K7 1, 0 IX 40 A AR 1)
DAL J&3 350 2 B 43 BT S IAS 40 388 i X P T A AR P TR
BEATER N 3 A1, LA SOt 1 32 i a8 RV A 0 2 [ 1)
AHELAE 434, 6% 56 4 $th ok LA A 4 22 1) B A EL AR
H, CAE AP A E R B A BEAE FH G R
212 RFAZE B 7 mIEMAY), IEAAAE 2 P lhiE
R 18 72 1 IR MEA T, 2 e B B A AR

WS R AR B, o TE TR R R TR I 1 A3 R AR AR
W ¥, 0 % 85 IG5 B8 (short-chain fatty acids, SCFAs),
DA% Jip 1 TR BEAS 5 i 1 R AU A, T is] o K AT AR
W TE DK B AR P &, s 22 0 L JIKER
BECY S TS R, A0 PR L, U R S B
T8 N 24 ) A 2H 5 4 A R A AR 4 1) A2 A
15 T R B 1 B R ANTE 3 B ARUEPIRES, A B T2
BB Bl b 2 52 1) 5 i TE IO MDA DR AR R A,
FHRA KA L R 2R IT B . Horh, BT
OV A 2 2 B AR R A W AR ) i AR A, R R
FLINREAE H ) =4 R 22—, Bauermeister 25525} i A=
YDA T AR T R AR A S H R AT T 250K, B
BT T AR 20 2% 40 B 109 50 56 B R VRO €2 - I
TEIE ) (LC-MS) AR 3 - 5 1% 6 ] (GC-MS) & T
1 BE it (ion mobility mass spectrometry, IMS) %5, i
TAEAE H AR BT 58, 40 SCFAs . BV R 5%, 7T
AR FH B ] AU 2H 2% 43 A, 50 e 40 1 T 8 AR IR
PR 2% DA s I 2 0% R S v o T A 4 v A 344
220 HAR e A, W] RAJG i 0] 3R 45 AE ke A rp R
Al BE 2 AR A5 S, L2 E5 3 40 dr AR A 3 R 4T
BARRH .

AR 93 Bt RT DA AN [R]85 15 5 R DL ) 77 50
(HAR) HEAT, AT B BT AR 8 R B2 Fr, o il
BT T T A B A LR AR A e
g5 HA KRR, A LRI ZH L 16S RNA B 4 4L
5, T T2 A S R R R R
213 HREZFMEBEZFE B 7 AEWHZIRBH
Y %, s 2H 2R FNVER 1 o 2H 2 ] DU 2 445 B AT
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—EMIANTE . T B SR R AR A s Al R
5 DRI PR 0 155 0 A 2 A s o 1 ot 4 2 B i B — 2R
W) 2H S B M R R s AR B0 EE A, RGPERTE AT
A E A RE R A ) RE, B IRAS AE Th AR 2 A
P J 18 TR B AE N IR BERE AR, 48 7R IEAE R AT B A I
T DA K 52 B4 55538 A T Jos BR300 1) 52 W), SE AT AT e S Bk
15 E S5 MAMAES KRG EBRE .

214 HEESWHEZE MXDR—FSEI T H
TP Ak AT P A B2 AR B B R RE IR R, X LeAR
A DL E RN, AT L2 52K . Pearson, Spearman
FHSG 3 B -1 30 1 59 AH 5% R BORVEAN 3 A - AR 4
MIAR GG R o W1 Yu 55PN T ) B 2 5 R0 245 1 98 1)
T AL, K Spearman AH 3¢ 43 AT 43 B 35 AL 1
Y5 I Z A G . B T B R, T
HIRZ 2 85 M 77 ] RO SR e AR P 2
[ PR AH ELOR &R, 0w d /s — 3 43 AT (partial least square,
PLS). ¥t Y& #H 2% /> ¥T (canonical correlation analysis,
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