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Abstract
Panax notoginseng saponins (PNS) are a class of effective ingredients in Notoginseng Radix et
Rhizoma, a well-known herbal medicine called San-Qi in Chinese. After oral administration,
PNS inevitably interacts with gut microbiota, and thus affect the pharmacokinetic profiles
and pharmacological effects. To date, studies concering gut microbiota-mediated
metabolism of PNS have not been reviewed systematically. Herein, we outline the metabolic
profiles of Panax notoginseng saponins mediated by gut microbiota, as well as its role in the
pharmacokinetics and pharmacodynamics on the basis of reported data. The metabolic
pathways of primary saponins are proposed, and step-by-step deglycosylation is found to be
the primary degradation pathways of PNS mediated by gut microbiota. Specific
microorganisms and enzymes involved in the metabolic processes were summarized. Gut
microbiota is deeply involved in the metabolism of PNS, affects the pharmacokinetic
profiles, and produces a series of active metabolites. These metabolites were documented to
play an essential role in the efficacy of the parent compounds. Future studies should focus
on strengthening the real-world evidence, defining the interaction between gut microbiota
and PNS, and developing the strategy for modulating gut microbiota to enhance the
bioavailability and efficacy of PNS. These information would be useful for further research
and clinical application of PNS.

Keywords: Panax notoginseng saponins; gut microbiota; metabolism; pharmacokinetics;
pharmacodynamics
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Background

Notoginseng Radix et Rhizoma, called San-Qi in Chinese, is the dried
root and rhizome of Panax notoginseng (Burk) F. H. Chen. It was
originally a herbal medicine used by minority ethnic groups in
southwest China around 1500 C.E., and was more widely accepted
after being recorded in the Compendium of Materia Medica (Ben Cao
Gang Mu in Chinese, 1578 C.E.) compiled by Li Shi-Zhen [1]. To date,
more than 200 chemical components have been detected in Panax
notoginseng, including amino acids, saponins, polysaccharides,
flavonoids, volatiles, and acetylenic alcohols [2]. Among these
compounds, saponins have been documented as the main effective
ingredients. So far, over 70 saponins have been isolated from different
parts of Panax notoginseng (root, stem, leaf, flower, seed, etc.), but the
main components are ginsenoside Rg1, Rb1, Rb2, Rc, Rd, Re, and
notoginsenoside R1 [3, 4]. Most of these monomeric saponins can be
classified into two types, including protopanaxadiol (PPD) type and
protopanaxatriol (PPT) type. Ginsenoside Rb1 is the primary PPD-type
saponin in San-Qi, while ginsenoside Re, Rg1 and notoginsenoside R1
are the main PPT-type saponins. The proportions of these four
components in the total PNS are 30%, 2.5%, 20% and 2.5%,
respectively [3]. Ginsenoside Rg1, Rb1 and notoginsenoside R1 have
shown pharmacological effects in maintaining blood circulation,
improving myocardial ischemia, anti-arrhythmia, anti-shock,
sedation, improving intelligence, anti-aging, anti-oxidation, anti-cell
proliferation and anti-tumor [5–8].
Panax notoginseng is widely used in a variety of oral traditional

Chinese medicine (TCM) formulas, therefore contained saponins
inevitably interacts with gut microbiota [9]. Gut microbiota is the
most important and diverse microbial community in human body. The
micro-ecosystem composed of gut microbes and intestinal
environment is involved in regulating a series of physiological
processes, such as digestion, absorption, development, and immune
defense of the host [10, 11]. In recent years, studies have shown that
the pharmacologic activities of drugs are not only related to the host
itself, but also affected by the microbial community inhabiting the
human body. TCM formulas are diverse and complex in composition,
and their efficacy is usually related to the specific active metabolites
generated in the body, rather than the original compounds. After oral
administration, some TCM components are metabolized by intestinal
microorganisms in the gastrointestinal tract, and their metabolites are
absorbed into the blood to exert pharmacological effects [12]. In some
cases, the bioavailability of some TCM components with low fat
solubility increase under the metabolic action of gut microbiota [13].
In other cases, intestinal microorganisms can also play a role of

reducing or increasing toxicity by changing the functional groups of
some molecules [14]. In addition, changes in gut microbiota caused by
environment can also affect the metabolism of some TCM ingredients,
indicating the import role of gut microbiota in the pharmacokinetic
profiles and pharmacological effects [15, 16].
To date, some in vitro and in vivo studies have been conducted to
clarify the interaction between PNS and gut microbiota. However,
these results have not been summarized systematically. Herein, we
outline the metabolic profiles of PNS mediated by gut microbiota, as
well as its role in the pharmacokinetics and pharmacodynamics, so as
to provide reference for further research and clinical application of
PNS.

Materials and methods

Available references available concerning gut microbiota-mediated
metabolism of PNS were collected from online scientific databases
including China National Knowledge Infrastructure
(https://www.cnki.net/), WanFang Data
(https://www.wanfangdata.com.cn/), PubMed (https://pubmed.ncbi.
nlm.nih.gov/), Science Direct (https://www.sciencedirect.com/),
SpringerLink (https://link.springer.com/), Scopus
(https://www.scopus.com), and SciFinder (https://scifinder.cas.org/)
up to April 2024. The key words included PNS, Panax notoginseng,
San-Qi, Zao-Gan, gut microbiota, microbe, metabolism, degradation,
pharmacokinetics, pharmacodynamics and other related words. All
eligible studies are analyzed and summarized in this review.

Gut microbiota and drug metabolism

Gut microbiota is a large and complex microecosystem. Due to its key
role in metabolism, gut microbiota has been widely concerned as an
“invisible organ” in recent years. Studies have shown that the adult
intestinal cavity area is about 300–400 square meters, colonized by
about 1013–1014 microorganisms, including bacteria, archaea, fungi,
protists, and viruses. Among them, bacteria are the main residents,
and more than 99% are anaerobic bacteria [17]. Affected by host
genetic background, dietary habits and environmental factors, gut
microbiota is diverse and specific [18]. From the phylum level, gut
microbiota is mainly composed of Firmicutes (60%–65%), Bacteroides
(20%–25%), Proteobacteria (5%–10%), and Actinobacteria
(approximately 3%) [19]. From the species level, there are dominant
and secondary bacterial groups, among which the dominant bacterial
groups in the intestinal tracts of healthy adults are mainly
Bifidobacterium, Lactobacillus, and obligatory anaerobic bacteria such
as Spirillum, Peptostreptococcus, Bacteroides, etc. [20]. These gut
microbes play a very important role in the host physiological
functions, including digestion of food, production of important
metabolites, promotion of immune system development and
maturation, maintenance of gastrointestinal homeostasis, influence of
brain function and behavior, and protection of host from pathogen
infection [21–24].
Gut microbiota could secrete a wide variety of enzymes and has
great potential to transform glycosides, which are an important class
of active components in TCM [25]. The free sugar moieties generated
by hydrolysis can be used as carbon sources required for microbial
growth and reproduction, thus producing more enzymes [26].
Therefore, different microorganisms can play an important role in the
biotransformation process of natural products as biocatalysts [27, 28].
A number of studies have pointed out the important contribution of
glycosidase, nitroreductase, azoreductase, urease, sulfatase and
methylase secreted by intestinal microorganisms in the transformation
of glycosides [29]. Among them, α-rhamnosidase, β-glucosidase,
β-glucuronidase, β-xylosidase, nitroreductase and other glycosidases
are the most critical enzymes for the metabolism of saponins, and
deglycosylation catalyzed by these glycosidases is the main pathway
to hydrolyze glycosides [30, 31]. Metabolites yielded by
deglycosylation are generally more easily absorbed by the intestine
and thus have better bioavailability [32]. In addition, gut microbiota
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pharmacokinetics and pharmacodynamics. Deglycosylation is the
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can also drive other metabolic reactions of saponins such as
hydroxylation, dehydrogenation, dehydration and demethylation.

Gut microbiota-mediated metabolism of PNS

PNS have high polarity, low fat solubility and low oral bioavailability.
Mediated by gut microbiota, most saponins can be metabolized to
more absorbable active metabolites [33]. The metabolites of total PNS
degraded by human gut microbiota were identified with in vitro
incubation method [34]. A total of 45 metabolites were detected,
among which ginsenoside F1, PPT, ginsenoside Rh2, ginsenoside C-K
and PPD had the highest content, and corresponding pharmacological
activities were all higher. Deglycosylation is the primary metabolism
pathways of PNS mediated by gut microbiota, which also involves
hydration, dehydration, hydroxylation, oxidation and so on.
Ginsenoside Rg1, ginsenoside Rb1 and notoginsenoside R1, which are

three saponins with highest content in Panax notoginseng, were
incubated with gut microbiota isolated from female and male
Sprague-Dawley rats [35]. The results showed that the degradation of
ginsenoside Rb1 by rat intestinal flora was a slow and progressive
process, and the metabolic capacity of male rats was stronger than
that of female rats, which may be related to the different proportions
of various bacteria in feces of different genders. However, ginsenoside
Rg1 and notoginsenoside R1 contents remained relatively stable during
incubation, suggesting that gut microbiota had different capacity to
degrade saponins with different structures. In another study, saponins
in Panax notoginseng aqueous extract were degraded by human gut
microbiota to produce metabolites PPD and PPT under in vitro
incubation, while degradation product of rat gut microbiota were only
PPT [36]. These results indicated the species differences of gut
microbiota-mediated metabolism of PNS, but did not determine
whether there are differences in metabolic pathways.
Influenced by diet and disease, the abundance of specific bacteria in

the gut microbiota fluctuates dynamically, leading to changes in
metabolic capacity of saponins. The metabolic rate of ginsenoside Rg3

and ginsenoside Rh2 in the gut microbiota of patients with liver cancer
was significantly lower than that of healthy subjects, suggesting that
changes in the intestinal microbes of patients with liver cancer had a
significant impact on the metabolic rate of above-mentioned two
ginsenosides [37]. In addition, different incubation conditions also
had certain effects on the metabolic capacity of saponins mediated by
gut microbiota. For example, Qian et al. compared the metabolism
difference of ginsenoside Rb1 in the anaerobic and aerobic conditions
by step-by-step deglucoside under the action of rat gut microbiota
[38]. The metabolic pathway of ginsenoside Rb1 was proposed as
Rb1→Rd→F2→C-K. There was no difference in the metabolite types of
aerobic and anaerobic incubation, but the metabolic rate of aerobic
incubation was faster than that of anaerobic condition. The Rd→F2
process was considered to be the rate-limiting step of deglycosylation
of Rb1 mediated by gut microbiota.
Reported studies have shown that some fungi and bacteria could
hydrolyze the sugar moieties at C-3 or C-20 position of ginsenosides,
and metabolize them into aglycones, such as Aspergillus niger, Fusarium
sp., Penicillium sp., Cordyceps sinensis, Armillaria mellea, Bifidobacterium
breve, Bacillus sp., Lactococcus lactis, Lactobacillus plantarum subsp.,
Terrabacter sp., Cellulosimicrobium cellulans sp., Thermotoga thermarum,
etc. [27]. Aspergillus niger can metabolize ginsenosides Rb1 and Rb3
into ginsenosides Rd, F2 and C-K in sequence [39, 40]. Fusarium sp.
transformed total ginsenosides into ginsenosides C-K by fermentation
culture [41]. Penicillium sp. degrades ginsenosides through the
pathway of Rb1→Rd→F2→C-K [42, 43]. Ginsenoside F2 is converted
into ginsenoside C-K by Bifidobacterium breve [44]. Bacillus sp.
hydrolyzes the sugar moietis at C-3 and C-20 positions of ginsenoside
Rb1, to produce ginsenosides Rd, Rg3, Gyp-XVII and F2 [44, 45]. The
glucosidase gene cloned from Lactococcus lactis and Thermotoga
thermarum was expressed in Escherichia coli, yielding glucosidase that
can gradually hydrolyze the glucose moieties at C-20 and C-3
positions of ginsenoside Rb1 [46–48]. Reported specific
microorganisms and enzymes involved in the metabolism of PNS were
summarized in Table 1 [15, 16, 34, 39–60].

Table 1 Summary of specific microorganisms and enzymes involved in the metabolism of PNS
No. Parent component Microbial metabolite Relate microorganism Relate enzymes* References

Total saponins

1 Total ginsenosides Ginsenoside C-K Fusarium sp. NA [41, 49]

2 Total PNS
Ginsenoside F1,
Ginsenoside Rh2,

Ginsenoside C-K, PPT, PPD

Bifidobacterium adolescentis, Lactobacillus
rhamnosus NA [50]

PPD type saponins

3 Ginsenoside Rb1 Ginsenoside C-K Ruminococcus sp., Bacteroides sp.,
Bifidobacterium sp., Bifidobacterium longum H-1 β-Glucosidase [51, 52]

4 Ginsenoside Rb1 Gypenoside XVII Bacillus sp., Fusobacterium K-60 NA [44, 45, 53]

5 Ginsenoside Rb1 Ginsenoside Rd
Bifidobacterium animalis GM1, Aspergillus niger,
Penicillium sp., Bacillus sp., Lactobacillus sp.,
Eubacterium sp., Bifidobacterium longum

β-Glucosidase
[15, 39, 40,
42–45, 54,
55]

6 Ginsenoside Rb1 Ginsenoside F2 Bacillus sp. NA [44, 45]

7 Ginsenoside Rb1 Ginsenoside Rg3
Bacillus sp., Lactococcus lactis, Thermotoga

thermarum
β-Glucosidase [44–48]

8 Ginsenoside Ra1 Ginsenoside Rb2 Bifidobacterium breve K-110 β-Xylosidase [56]

9 Ginsenoside Rb2 Ginsenoside Rd Bifidobacterium sp., Lactobacillus sp. NA [54]

10 Ginsenoside Rc Ginsenoside Rd Bifidobacterium sp., Lactobacillus sp. NA [54]

11 Ginsenoside Rb3 Ginsenoside Rd Aspergillus niger NA [39, 40]

12 Ginsenoside Rd Ginsenoside F2
Aspergillus niger, Penicillium sp., Bifidobacterium
sp., Lactobacillus sp., Fusobacterium sp.,
Bifidobacterium K-103, Bacteroides JY-6

NA
[39, 40, 42,
43, 53, 54]

13 Ginsenoside Rd Ginsenoside Rg3
Lactococcus lactis, Thermotoga thermarum,
Bacteroides sp., Microbacterium sp. β-Glucosidase [46–48, 54]
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Table 1 Summary of specific microorganisms and enzymes involved in the metabolism of PNS (continued)

No. Parent component Microbial metabolite Relate microorganism Relate enzymes* References

14 Ginsenoside Rg3 Ginsenoside Rh2
Eubacterium sp., Fusobacterium sp., Bacteroides

sp.
β-Glucosidase [16, 54]

15 Ginsenoside F2 Ginsenoside C-K

Aspergillus niger, Penicillium sp., Bifidobacterium
breve, Bifidobacterium sp., Bifidobacterium K-103,
Lactobacillus sp., Eubacterium sp., Fusobacterium

sp., Bacteroides sp., Bacteroides JY-6

NA
[39, 40,
42–44, 53,
54]

16 Ginsenoside C-K PPD Roseburia sp., Bifidobacterium sp. β-Glucosidase [54, 57]

17 Ginsenoside Rh2 PPD Eubacterium sp., Bacteroides sp. NA [54]

PPT type saponins

18 Notoginsenoside R1
Dehydrogenated,
oxidative, and

demethylated metabolites
Bacteroidetes Redox enzymes [58]

19 Ginsenoside Re Ginsenoside Rg1
Bifidobacterium K-103, Bacteroides JY6,

Bacteroides HJ15, Eubacterium sp., Fusobacterium
sp., Bacteroides sp.

NA [54, 59]

20 Ginsenoside Re
Ginsenoside Rh1,
Ginsenoside F1, PPT

Bacteroides JY-6 NA [59]

21 Ginsenoside Rg1 PPT Fusobacterium K-60 NA [52, 60]

22 Ginsenoside Rg1 Ginsenoside F1
Bifidobacterium K-103, Bacteroides JY6,

Bacteroides HJ15, Fusobacterium sp., Bacteroides
sp.

NA [54, 59]

23 Ginsenoside Rg1 Ginsenoside Rh1

Bifidobacterium K-103, Bacteroides JY6,
Bacteroides HJ15, Bifidobacterium sp.,

Eubacterium sp., Fusobacterium sp., Bacteroides
sp.

NA [54, 59]

24 Ginsenoside Rf Ginsenoside Rh1 Bifidobacterium sp., Bacteroides sp. NA [54]

25 Ginsenoside Rh1 PPT Bifidobacterium sp., Bacteroides sp. NA [54]

26 Ginsenoside F1 PPT Bacteroides sp. NA [54]

27 PPT Dehydropropanaxtriol Oscillospira sp., Phascolarctobacterium sp. NA [34]

*NA, not available; PNS, Panax notoginseng saponins; PPD, protopanaxadiol; PPT, protopanaxatriol.

In general, step-by-step deglycosylation is the primary metabolic
pathway of PNS, metabolizing into secondary saponins and aglycones
to exert pharmacological effects [61, 62]. Based on reported studies,
the metabolic pathways of PPD-type and PPT-type saponins mediated
by gut microbiota were plotted in Figure 1, 2, respectively [49, 63,
64].

Role of gut microbiota on the pharmacokinetics of PNS

Pharmacokinetic studies aim to understand the behavior of drugs in
vivo, including absorption, distribution, metabolism, and excretion.
PNS will inevitably interact with gut microbiota after oral ingestion,
which will affect the absorption and metabolism profiles of saponins.
Herein, we evaluated the effects of gut microbiota mediated
metabolism on the pharmacokinetic properties of PNS using
chemometrics approach. Based on database resources, the molecular
properties of ginsenoside Rb1, PPD, notoginsenoside R1, and PPT were
listed in Table 2 [65, 66]. Through the deglycosylation mediated by
gut microbiota, the LogP value, solubility, surface area and polarity
parameters of PNS were greatly transformed, which led to the change
of pharmacokinetic properties.
Pseudo germ-free rodents are an effective strategy for evaluating the

role of gut microbiota in metabolic processes in vivo, typically
through antibiotic intervention to deplete their resident microbiota.
Specifically, normal control and pseudo germ-free rats were used to
investigate the in vivo metabolic profiles of PNS mediated by gut
microbiota [13]. A total of 73 metabolites were identified in the feces
of normal control rats, while only 11 PNS metabolites were detected
in pseudo germ-free rats, highlighting the profound role of gut

microbiota on the metabolism of PNS. In another study, a rat model of
gut microbiota disturbance was established by lincomycin
intervention, so as to investigated its effects on the pharmacokinetics
of ginsenoside Rg3 [16]. Compared with the normal control group, the
Cmax and area under the curve of ginsenoside Rh2, the active
deglycosylated metabolite of ginsenoside Rg3, were significantly
reduced in the dysbiosis rats. This may be due to the decrease of
β-glucosidase activity in gut microbiota of rats treated with
lincomycin, which affected the deglycosylation of ginsenoside Rg3 and
then changed the pharmacokinetic behavior of ginsenoside Rg3 and
ginsenoside Rh2.
These results suggest that the metabolism of PNS was found to be
greatly affected by gut microbiota. For example, Proteobacteria may
affect the deglycosylation of PNS by regulating the activity of
glycosidase, and Bacteroides may promote the oxidation-reduction
metabolism of PNS by improving the activity of corresponding
enzymes [58]. In addition, individual differences in PNS metabolism
have been observed to be related to the composition and abundance of
gut microbiotai [15]. The abundance of Bacteroidetes S24-7,
Alcaligenaceae, and Erysipelotrichaceae were higher in the gut
microbiota of individuals with fast metabolism. Bifidobacterium
animalis GM1 was further isolated, which could convert ginsenoside
Rb1 to ginsenoside Rd. These specific intestinal bacteria was deemed
as the dominated microorganism in the metabolism of PNS. And the
abundance changes of these gut microbiota can modulate the
metabolism of ginsenosides in intestine, and subsequently affect the
pharmacokinetic profiles.

Role of gut microbiota on the pharmacodynamics of PNS
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The pharmacological activity of the compound is closely related to its
structure. Mediated by gut microbiota, PNS underwent
deglycosylation, dehydrogenation, oxidation, dehydration,
hydroxylation and other reactions, producing a series of metabolites
with different activities from the parent compounds [67]. A number of
studies have proved that PNS metabolites generated through the
deglycosylation mediated by gut microbiota have stronger
pharmacological activity [68].
Ginsenoside Rh2 and PPD were defined as the main metabolites of

ginsenoside Rg3, and found to inhibit the proliferation of tumor cells
with in vitro experiments [69]. Niu et al. determined the anti-tumor
activity of ginsenosides Rb1 and its metabolites on A/J mouse
metastatic lung cancer LM1 cells [70]. The metabolites ginsenosides F2
and CK were found to have significant anti-tumor activity, while

prototype ginsenosides Rb1 did not have such activity. Another in vitro
experiments confirmed that ginsenoside Rb1 has no obvious
anti-tumor effect on human colon cancer HT-29 cells, but its
deglycosized product ginsenoside CK has a strong anti-tumor effect
[71]. Herein, Ginsenoside C-K, the metabolite of PPD-type saponins,
has stronger anti-tumor activity in vivo and in vitro than that of
parent compounds [27]. Similar results were observed for PPT-type
saponins. Lee et al. compared the anti-tumor activity of ginsenoside
Rg1, Re, and their metabolites PPT under different administration
strategies [72]. All three ginsenosides were found to have strong
anti-tumor cell metastasis effects after oral administration, while only
PPT has anti-tumor activity when administered intravenously. The
results indicated that the anti-tumor effect of ginsenoside Rg1 and Re
after oral administration was contributed by their metabolites PPT.

Table 2 The molecular properties of ginsenoside Rb1, PPD, notoginsenoside R1, and PPT

Molecular properties Ginsenoside Rb1 PPD Notoginsenoside R1 PPT

ALogP −1.198 5.789 −0.11 4.62

Molecular solubility −6.095 −8.328 −5.424 −7.191

Molecular volume 773.12 372.15 663.36 374.89

Molecular surface area 1077.6 500.93 917.35 513.89

Molecular polar surface area 377.29 60.69 298.14 80.92

ADMET absorption level 3 1 3 0

ADMET blood-brain barrier level 4 1 4 2

ADMET solubility −8.235 −5.769 −6.783 −4.532

PPD, protopanaxadiol; PPT, protopanaxatriol; ADMET, absorption, distribution, metabolism, excretion, and toxicity.

Figure 1 Proposed metabolism pathways of PPD-type saponins mediated by gut microbiota
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Figure 2 Proposed metabolism pathways of PPT-type saponins mediated by gut microbiota

In vitro incubation experiments showed that PNS had no obvious
inhibitory effect on Akkermansia and Bacteroides, but the main
metabolite generated by gut microbiota, ginsenoside C-K could inhibit
the growth of Bacteroides hetaiotaomicron and Bacteroides virgatus [73].
Ginsenoside C-K has therapeutic effects on colitis and is one of the
pharmacodynamic substances of PNS metabolized by gut microbiota.
In another study, ginsenoside Rh1, a metabolite of ginsenoside Re
degraded by gut microbiota, was found to be more quickly absorbed
into the body to exert estrogen-like effects [59]. These studies indicate
that PNS metabolites produced by gut microbiota have a variety of
pharmacological activities, and play an essential role in the efficacy of
the parent compounds.
In addition, taking insenoside Rb1, PPD, notoginsenoside R1 and PPT

as examples, we evaluated the effects of gut microbiota mediated
deglycosylation on the pharmacodynamic properties using network
pharmacology and molecular docking strategies [74, 75]. The
corresponding targets of mentioned four compounds were obtained
from SwissTargetPrediction (http://www.swisstargetprediction.ch/),
and the potential targets of PNS for disease treatment were acquired
from DisGeNET (https://www.disgenet.org/search) using the
keywords of “Angina pectoris”, “Coronary arteriosclerosis”, “Coronary
heart disease”, and “Coronary thrombosis”. There were 410 targets
corresponding to the four compounds and 1,819 disease-related
targets, among which 159 targets were common (Supplementary
Figure S1). The protein-protein interaction network was constructed
using the String (https://string-db.org/) in combination with
Cytoscape, so as to identify the crucial targets. Subsequently, to reveal
the interactions between mentioned four compounds and target
proteins at the molecular level, molecular docking was performed on
five crucial targets, i.e. TNF (tumour necrosis factor), CASP3 (Caspase
3), AKT1 (serine/threonine kinase 1), TP53 (tumor protein P53), and
STAT3 (signal transducer and activator of transcription 3)
(Supplementary Table S1). The molecular docking was conducted
with Autodock Tools (Version 1.4.6). Calculated docking affinity were
listed in Supplementary Table S2. The docking scores of ginsenoside
Rb1, protopanaxadiol, notoginsenoside R1 and protopanaxatriol to
TNF, CASP3, AKT1, TP53, and STAT3 proteins were ≤ −5.0 kJ/mol,
indicating that mentioned four compounds bind closely to the crucial
target proteins. A lower docking score suggests a stronger binding
force. The docking affinity of protopanaxadiol to TNF, CASP3, AKT1,
and TP53 were lower than that of ginsenoside Rb1, especially the TNF.
Similar results were also observed in protopanaxatriol and
notoginsenoside R1, which again confirmed the effect of
deglycosylation mediated by gut microbiota on the bio-activities of
PNS. The molecular spatial structure changes after deglycosylation

make the compound bind more closely to some target proteins and
show better biological activity. The 3D diagrams of molecular docking
for ginsenoside Rb1, notoginsenoside R1, protopanaxadiol, and
protopanaxatriol to TNF were shown in Supplementary Figure S2. The
docking affinity of PPD to TNF, CASP3, AKT1, and TP53 were lower
than that of ginsenoside Rb1, suggesting a stronger binding force.
Similar results were also observed in PPT and notoginsenoside R1,
which again confirmed the effect of deglycosylation mediated by gut
microbiota on the bio-activities of PNS. The molecular spatial
structure changes associated with deglycosylation make the
compound bind more closely to some target proteins and show better
biological activity. Therefore, future studies pharmacodynamic studies
of PNS should fully take into account the role of gut microbiota.

Summary and future prospects

Herein, the metabolic profiles of PNS mediated by gut microbiota
were summarized systematically, as well as its role in the
pharmacokinetics and pharmacodynamics. Mediated by gut
microbiota, PNS were extensively engaged in deglycosylation, giving
rise to a series of metabolites. Gut microbiota could modulate the
metabolism of PNS in the intestine, and then affect their
pharmacokinetic and pharmacodynamic profiles. However, there were
some issues to be settled in the future.
Firstly, current researches on PNS metabolism mediated by gut
microbiota were mainly conducted in vitro models or rodent animals,
as well as other studies on pharmacokinetics and pharmacodynamics.
The real-world evidence about these biological processes in the human
body is limited. For example, the differences in PNS metabolism
among different enterotype microbiota are not yet clear, and the
effects of gastrointestinal diseases and antibiotic interventions on the
pharmacokinetics and pharmacodynamics of PNS are also uncertain.
Secondly, in-depth and systematic studies are necessary to define
the interaction between gut microbiota and PNS. Germ-free rodent
animals have been used to investigate the role of gut microbiota on
the pharmacokinetics and pharmacodynamics of PNS, but the main
focus is on the impact of gut microbiota abundance. Information
concerning the effects of specific microorganisms or enzymes on the
metabolism of certain saponins is still scarce, as well as corresponding
regulatory mechanisms. Meanwhile, more researches are called for
defining the modulation effects of PNS on gut microbiota, especially
on its impacts on pharmacokinetics and efficacy after long-term
ingestion. Given that PNS metabolites produced by gut microbiota
have a variety of pharmacological activities, follow-up studies should
pay more attention to the role of gut microbiota when exploring the
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pharmacological mechanism of PNS.
Thirdly, there is a lack of precise strategies for regulating gut

microbiota to enhance the bioavailability and efficacy of PNS. At
present, probiotics and prebiotics have been used to improve the gut
microbiota of patients, but their effects on PNS metabolism and
efficacy are still unclear. It is worth exploring how to modulate gut
microbiota through convenient and safe intervention strategies, so as
to overcome the low bioavailability of PNS and improve treatment
effectiveness.

References

1. Liu HB, Lu XY, Hu Y, Fan XH. Chemical constituents of Panax
ginseng and Panax notoginseng explain why they differ in
therapeutic efficacy. Pharmacol Res. 2020;161:105263.
Available at:
http://doi.org/10.1016/j.phrs.2020.105263

2. Xie WJ, Meng XB, Zhai YD, et al. Panax Notoginseng Saponins:
A Review of Its Mechanisms of Antidepressant or Anxiolytic
Effects and Network Analysis on Phytochemistry and
Pharmacology. Molecules. 2018;23(4):940. Available at:
http://doi.org/10.3390/molecules23040940

3. Liu YL, Su WW, Li PB, et al. Exploring the Mechanism of Fufang
Danshen Tablet against Atherosclerosis by Network
Pharmacology and Experimental Validation. Pharmaceuticals
(Basel). 2024;17(5):643. Available at:
http://doi.org/10.3390/ph17050643

4. Li S, Shi C, Guo YS. Determination of ginsenoside Rb1 in rat
plasma by LC-MS/MS and its application in pharmacokinetic
study. Chem Anal Meterage. 2020;29(3):34–38. (Chinese)
Available at:
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1
BiRCxhOrIhG1LPHUrWe6StxUOnqTxvMeweRTqxCqaNp6MeOg
Ti1zVTcUSjxkoUp5VW0niYEw0dKbHrL9duaY2IsuiN2GywUh3
95qQ5eC462di2IRX5S_rCtoOyMoak7Hllt3G1HTSmQ==&unip
latform=NZKPT&language=CHS

5. Zhang J. A review on pharmacological effects of ginsenosides in
cardiovascular system. Clin J Chin Med. 2019;11(7):141–144.
(Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1
lPVZJOk_RgdaplguWmjVm_IBQX0kR7fmSWsibMTisI_DO-1KZL
X7m-vRJ3M3GLkYyFt26hWTL_loVv8Abxclsn_-1VzZBfbM_EPpq
g05Rn9-L4OJOXkB8Zw1BSV_3RvUHm5cfHm_t0g==&uniplatf
orm=NZKPT&language=CHS

6. Men SY, Huo QL, Shi L, et al. Panax notoginseng saponins
promotes cutaneous wound healing and suppresses scar
formation in mice. J Cosmet Dermatol.. 2020;19(2):529–534.
Available at:
http://doi.org/10.1111/jocd.13042

7. Mo XL, Chen SS, Li T, Yan JG, Zhao YQ. Research progress on
synergy of ginsenoside. Drugs Clin. 2023;38(12):3174–3180.
(Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG2
fFSXUYY1XYgiF0brfaN1VkzFHg-_p_9gXyObm3wjQ82RUUl852
yD3doF6jxtbGTRqYCqWPmu87KLyEU850prlsiE_zslfAvwj12hjE
ql2fFrL1dnWCRKHbvQYhn0WvFZkhITuWJjRfw==&uniplatfo
rm=NZKPT&language=CHS

8. Chen ZB. Research progress on notoginsenoside R1 in
prevention and treatment of cardiovascular disease. Drugs Clin.
2023;38(4):1003–1007. (Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1
8B29Hcljwa5ZiLsqeg21CPvlLmz72jfMZT2wvJKL48PJJvJ6IB2x
foYCc5s03nzyrHn-HsE0yoMZUxEqJu3uwDc9YAQ9i2NXFZesdF
sOupbDhMIbDsxlin1bJbZ7SzifZCkUKqC1CQQ==&uniplatfor
m=NZKPT&language=CHS

9. Zeng X, Zheng YY, Liu YL, Su WW. Chemical composition,
quality control, pharmacokinetics, pharmacological properties
and clinical applications of Fufang Danshen Tablet: A
systematic review. J Ethnopharmacol. 2021;278:114310.

Available at:
http://doi.org/10.1016/j.jep.2021.114310

10. Valdes AM, Walter J, Segal E, Spector TD. Role of the gut
microbiota in nutrition and health. BMJ. 2018;361:k2179.
Available at:
http://doi.org/10.1136/bmj.k2179

11. Dey P. Gut microbiota in phytopharmacology: A comprehensive
overview of concepts, reciprocal interactions,
biotransformations and mode of actions. Pharmacol Res.
2019;147:104367. Available at:
http://doi.org/10.1016/j.phrs.2019.104367

12. Sorrenti V, Ali S, Mancin L, Davinelli S, Paoli A, Scapagnini G.
Cocoa polyphenols and gut microbiota interplay: Bioavailability,
prebiotic effect, and impact on human health. Nutrients.
2020;12(7):1908. Available at:
http://doi.org/10.3390/nu12071908

13. Guo YP, Shao L, Chen MY, et al. In vivo metabolic profiles of
Panax notoginseng saponins mediated by gut microbiota in rats.
J Agric Food Chem. 2020;68(25):6835–6844. Available at:
http://doi.org/10.1021/acs.jafc.0c01857

14. Peng R, Ma SR, Fu J, et al. Transforming of triptolide into
characteristic metabolites by the gut microbiota. Molecules.
2020;25(3):606. Available at:
http://doi.org/10.3390/molecules25030606

15. Dong WW, Xuan FL, Zhong FL, et al. Comparative analysis of
the rats’ gut microbiota composition in animals with different
finsenosides metabolizing activity. J Agric Food Chem.
2017;65(2):327–337. Available at:
http://doi.org/10.1021/acs.jafc.6b04848

16. Guo LY, Qian J, Di LQ, Kang A. Pharmacokinetic study on
ginsenoside Rg3 and ginsenoside Rh2 in gut microbiota dysbiosis
rats. Chin Tradit Herb Drugs. 2016;47(23):4198–4203. (Chinese)
Available at:
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1
UqAE4Q6s9SlOi1QFvnIXAac4iWhB9q7aujkQL_9CJZHcWcVX4
HHp-yeRTz7kFM-w4JeFotGQi57Uoz8iakxwluKKrQHl0UlMuiv-
dWMR056vfF3TxNBjFs3_mPu_kMZ37JpPn9YR7vg==&uniplat
form=NZKPT&language=CHS

17. Park G, Kim S, Lee W, Kim H, Shin H. Deciphering the Impact of
Defecation Frequency on Gut Microbiome Composition and
Diversity. Int J Mol Sci. 2024;25(9):4657. Available at:
http://doi.org/10.3390/ijms25094657

18. Jiang DJ, Zhang L, Cao YD, Yao WF. Application of gut
microbiota in research of Chinese medicines. China J Chin Mater
Med. 2016;41(17):3218–3225. (Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0
UVW8sHSsAHWHVRD6cLGXR32NFYb0_uNx_o33N85FxcCFb6-r
VEJ7O1Q4xwoqw81I07tcX0UGmidrkvgW9D4OvBbMmF-M90e
PI0P5bu-Al7OnYgL3dLdPEX6Rtv6B7J4dJYcRfS5oEog==&uni
platform=NZKPT&language=CHS

19. Zhou X, Fu ZF, Xie Y, Wang XM, Li N, Zhang P. Research
progress on the effects of Chinese traditional polysaccharide on
intestinal flora. Chin Tradit Pat Med. 2019;41(3):623–627.
(Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgE-G
xEJNSUvk9oqJIxs_wXLPMeLCb_tasGzy0j30R2N_O6C1gRU5ZV
A-39XnF-u9WCUhQ5Z-7Ydw05ISH7IcmZwpW1NrElz2MwXOln
ZjENoysUpi1vagGZ5L2MTWC3mgjPwNvhSu2elSQ==&unipla
tform=NZKPT&language=CHS

20. Liu YF, Hu YX, Wang ZP, et al. Research progress of
biotransformation on effective ingredients of Chinese medicine
via intestinal bacteria. J Liaoning Univ. 2017;44(4):325–332.
(Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1
fVgUiIau1Em5WfB511ss-8fWeSV5vTmQm_-mj7TvxKDOZO8Rf
915CsZpCECB3s-amNhO3eusOFey3CHA4JT3nOafWxvAKCbBe
2qoHf0a6tnimBcd7NXrQzjgZdeiMo7zVSwlF9T4BwA==&unip
latform=NZKPT&language=CHS

21. Gao X, Sun RC, Jiao N, et al. Integrative multi-omics deciphers

http://doi.org/10.1016/j.phrs.2020.105263
http://doi.org/10.3390/molecules23040940
http://doi.org/10.3390/ph17050643
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1BiRCxhOrIhG1LPHUrWe6StxUOnqTxvMeweRTqxCqaNp6MeOgTi1zVTcUSjxkoUp5VW0niYEw0dKbHrL9duaY2IsuiN2GywUh395qQ5eC462di2IRX5S_rCtoOyMoak7Hllt3G1HTSmQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1BiRCxhOrIhG1LPHUrWe6StxUOnqTxvMeweRTqxCqaNp6MeOgTi1zVTcUSjxkoUp5VW0niYEw0dKbHrL9duaY2IsuiN2GywUh395qQ5eC462di2IRX5S_rCtoOyMoak7Hllt3G1HTSmQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1BiRCxhOrIhG1LPHUrWe6StxUOnqTxvMeweRTqxCqaNp6MeOgTi1zVTcUSjxkoUp5VW0niYEw0dKbHrL9duaY2IsuiN2GywUh395qQ5eC462di2IRX5S_rCtoOyMoak7Hllt3G1HTSmQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1BiRCxhOrIhG1LPHUrWe6StxUOnqTxvMeweRTqxCqaNp6MeOgTi1zVTcUSjxkoUp5VW0niYEw0dKbHrL9duaY2IsuiN2GywUh395qQ5eC462di2IRX5S_rCtoOyMoak7Hllt3G1HTSmQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1BiRCxhOrIhG1LPHUrWe6StxUOnqTxvMeweRTqxCqaNp6MeOgTi1zVTcUSjxkoUp5VW0niYEw0dKbHrL9duaY2IsuiN2GywUh395qQ5eC462di2IRX5S_rCtoOyMoak7Hllt3G1HTSmQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1lPVZJOk_RgdaplguWmjVm_IBQX0kR7fmSWsibMTisI_DO-1KZLX7m-vRJ3M3GLkYyFt26hWTL_loVv8Abxclsn_-1VzZBfbM_EPpqg05Rn9-L4OJOXkB8Zw1BSV_3RvUHm5cfHm_t0g==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1lPVZJOk_RgdaplguWmjVm_IBQX0kR7fmSWsibMTisI_DO-1KZLX7m-vRJ3M3GLkYyFt26hWTL_loVv8Abxclsn_-1VzZBfbM_EPpqg05Rn9-L4OJOXkB8Zw1BSV_3RvUHm5cfHm_t0g==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1lPVZJOk_RgdaplguWmjVm_IBQX0kR7fmSWsibMTisI_DO-1KZLX7m-vRJ3M3GLkYyFt26hWTL_loVv8Abxclsn_-1VzZBfbM_EPpqg05Rn9-L4OJOXkB8Zw1BSV_3RvUHm5cfHm_t0g==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1lPVZJOk_RgdaplguWmjVm_IBQX0kR7fmSWsibMTisI_DO-1KZLX7m-vRJ3M3GLkYyFt26hWTL_loVv8Abxclsn_-1VzZBfbM_EPpqg05Rn9-L4OJOXkB8Zw1BSV_3RvUHm5cfHm_t0g==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1lPVZJOk_RgdaplguWmjVm_IBQX0kR7fmSWsibMTisI_DO-1KZLX7m-vRJ3M3GLkYyFt26hWTL_loVv8Abxclsn_-1VzZBfbM_EPpqg05Rn9-L4OJOXkB8Zw1BSV_3RvUHm5cfHm_t0g==&uniplatform=NZKPT&language=CHS
http://doi.org/10.1111/jocd.13042
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG2fFSXUYY1XYgiF0brfaN1VkzFHg-_p_9gXyObm3wjQ82RUUl852yD3doF6jxtbGTRqYCqWPmu87KLyEU850prlsiE_zslfAvwj12hjEql2fFrL1dnWCRKHbvQYhn0WvFZkhITuWJjRfw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG2fFSXUYY1XYgiF0brfaN1VkzFHg-_p_9gXyObm3wjQ82RUUl852yD3doF6jxtbGTRqYCqWPmu87KLyEU850prlsiE_zslfAvwj12hjEql2fFrL1dnWCRKHbvQYhn0WvFZkhITuWJjRfw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG2fFSXUYY1XYgiF0brfaN1VkzFHg-_p_9gXyObm3wjQ82RUUl852yD3doF6jxtbGTRqYCqWPmu87KLyEU850prlsiE_zslfAvwj12hjEql2fFrL1dnWCRKHbvQYhn0WvFZkhITuWJjRfw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG2fFSXUYY1XYgiF0brfaN1VkzFHg-_p_9gXyObm3wjQ82RUUl852yD3doF6jxtbGTRqYCqWPmu87KLyEU850prlsiE_zslfAvwj12hjEql2fFrL1dnWCRKHbvQYhn0WvFZkhITuWJjRfw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG2fFSXUYY1XYgiF0brfaN1VkzFHg-_p_9gXyObm3wjQ82RUUl852yD3doF6jxtbGTRqYCqWPmu87KLyEU850prlsiE_zslfAvwj12hjEql2fFrL1dnWCRKHbvQYhn0WvFZkhITuWJjRfw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG18B29Hcljwa5ZiLsqeg21CPvlLmz72jfMZT2wvJKL48PJJvJ6IB2xfoYCc5s03nzyrHn-HsE0yoMZUxEqJu3uwDc9YAQ9i2NXFZesdFsOupbDhMIbDsxlin1bJbZ7SzifZCkUKqC1CQQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG18B29Hcljwa5ZiLsqeg21CPvlLmz72jfMZT2wvJKL48PJJvJ6IB2xfoYCc5s03nzyrHn-HsE0yoMZUxEqJu3uwDc9YAQ9i2NXFZesdFsOupbDhMIbDsxlin1bJbZ7SzifZCkUKqC1CQQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG18B29Hcljwa5ZiLsqeg21CPvlLmz72jfMZT2wvJKL48PJJvJ6IB2xfoYCc5s03nzyrHn-HsE0yoMZUxEqJu3uwDc9YAQ9i2NXFZesdFsOupbDhMIbDsxlin1bJbZ7SzifZCkUKqC1CQQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG18B29Hcljwa5ZiLsqeg21CPvlLmz72jfMZT2wvJKL48PJJvJ6IB2xfoYCc5s03nzyrHn-HsE0yoMZUxEqJu3uwDc9YAQ9i2NXFZesdFsOupbDhMIbDsxlin1bJbZ7SzifZCkUKqC1CQQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG18B29Hcljwa5ZiLsqeg21CPvlLmz72jfMZT2wvJKL48PJJvJ6IB2xfoYCc5s03nzyrHn-HsE0yoMZUxEqJu3uwDc9YAQ9i2NXFZesdFsOupbDhMIbDsxlin1bJbZ7SzifZCkUKqC1CQQ==&uniplatform=NZKPT&language=CHS
http://doi.org/10.1016/j.jep.2021.114310
http://doi.org/10.1136/bmj.k2179
http://doi.org/10.1016/j.phrs.2019.104367
http://doi.org/10.3390/nu12071908
http://doi.org/10.1021/acs.jafc.0c01857
http://doi.org/10.3390/molecules25030606
http://doi.org/10.1021/acs.jafc.6b04848
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1UqAE4Q6s9SlOi1QFvnIXAac4iWhB9q7aujkQL_9CJZHcWcVX4HHp-yeRTz7kFM-w4JeFotGQi57Uoz8iakxwluKKrQHl0UlMuiv-dWMR056vfF3TxNBjFs3_mPu_kMZ37JpPn9YR7vg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1UqAE4Q6s9SlOi1QFvnIXAac4iWhB9q7aujkQL_9CJZHcWcVX4HHp-yeRTz7kFM-w4JeFotGQi57Uoz8iakxwluKKrQHl0UlMuiv-dWMR056vfF3TxNBjFs3_mPu_kMZ37JpPn9YR7vg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1UqAE4Q6s9SlOi1QFvnIXAac4iWhB9q7aujkQL_9CJZHcWcVX4HHp-yeRTz7kFM-w4JeFotGQi57Uoz8iakxwluKKrQHl0UlMuiv-dWMR056vfF3TxNBjFs3_mPu_kMZ37JpPn9YR7vg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1UqAE4Q6s9SlOi1QFvnIXAac4iWhB9q7aujkQL_9CJZHcWcVX4HHp-yeRTz7kFM-w4JeFotGQi57Uoz8iakxwluKKrQHl0UlMuiv-dWMR056vfF3TxNBjFs3_mPu_kMZ37JpPn9YR7vg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1UqAE4Q6s9SlOi1QFvnIXAac4iWhB9q7aujkQL_9CJZHcWcVX4HHp-yeRTz7kFM-w4JeFotGQi57Uoz8iakxwluKKrQHl0UlMuiv-dWMR056vfF3TxNBjFs3_mPu_kMZ37JpPn9YR7vg==&uniplatform=NZKPT&language=CHS
http://doi.org/10.3390/ijms25094657
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0UVW8sHSsAHWHVRD6cLGXR32NFYb0_uNx_o33N85FxcCFb6-rVEJ7O1Q4xwoqw81I07tcX0UGmidrkvgW9D4OvBbMmF-M90ePI0P5bu-Al7OnYgL3dLdPEX6Rtv6B7J4dJYcRfS5oEog==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0UVW8sHSsAHWHVRD6cLGXR32NFYb0_uNx_o33N85FxcCFb6-rVEJ7O1Q4xwoqw81I07tcX0UGmidrkvgW9D4OvBbMmF-M90ePI0P5bu-Al7OnYgL3dLdPEX6Rtv6B7J4dJYcRfS5oEog==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0UVW8sHSsAHWHVRD6cLGXR32NFYb0_uNx_o33N85FxcCFb6-rVEJ7O1Q4xwoqw81I07tcX0UGmidrkvgW9D4OvBbMmF-M90ePI0P5bu-Al7OnYgL3dLdPEX6Rtv6B7J4dJYcRfS5oEog==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0UVW8sHSsAHWHVRD6cLGXR32NFYb0_uNx_o33N85FxcCFb6-rVEJ7O1Q4xwoqw81I07tcX0UGmidrkvgW9D4OvBbMmF-M90ePI0P5bu-Al7OnYgL3dLdPEX6Rtv6B7J4dJYcRfS5oEog==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0UVW8sHSsAHWHVRD6cLGXR32NFYb0_uNx_o33N85FxcCFb6-rVEJ7O1Q4xwoqw81I07tcX0UGmidrkvgW9D4OvBbMmF-M90ePI0P5bu-Al7OnYgL3dLdPEX6Rtv6B7J4dJYcRfS5oEog==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgE-GxEJNSUvk9oqJIxs_wXLPMeLCb_tasGzy0j30R2N_O6C1gRU5ZVA-39XnF-u9WCUhQ5Z-7Ydw05ISH7IcmZwpW1NrElz2MwXOlnZjENoysUpi1vagGZ5L2MTWC3mgjPwNvhSu2elSQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgE-GxEJNSUvk9oqJIxs_wXLPMeLCb_tasGzy0j30R2N_O6C1gRU5ZVA-39XnF-u9WCUhQ5Z-7Ydw05ISH7IcmZwpW1NrElz2MwXOlnZjENoysUpi1vagGZ5L2MTWC3mgjPwNvhSu2elSQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgE-GxEJNSUvk9oqJIxs_wXLPMeLCb_tasGzy0j30R2N_O6C1gRU5ZVA-39XnF-u9WCUhQ5Z-7Ydw05ISH7IcmZwpW1NrElz2MwXOlnZjENoysUpi1vagGZ5L2MTWC3mgjPwNvhSu2elSQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgE-GxEJNSUvk9oqJIxs_wXLPMeLCb_tasGzy0j30R2N_O6C1gRU5ZVA-39XnF-u9WCUhQ5Z-7Ydw05ISH7IcmZwpW1NrElz2MwXOlnZjENoysUpi1vagGZ5L2MTWC3mgjPwNvhSu2elSQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgE-GxEJNSUvk9oqJIxs_wXLPMeLCb_tasGzy0j30R2N_O6C1gRU5ZVA-39XnF-u9WCUhQ5Z-7Ydw05ISH7IcmZwpW1NrElz2MwXOlnZjENoysUpi1vagGZ5L2MTWC3mgjPwNvhSu2elSQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1fVgUiIau1Em5WfB511ss-8fWeSV5vTmQm_-mj7TvxKDOZO8Rf915CsZpCECB3s-amNhO3eusOFey3CHA4JT3nOafWxvAKCbBe2qoHf0a6tnimBcd7NXrQzjgZdeiMo7zVSwlF9T4BwA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1fVgUiIau1Em5WfB511ss-8fWeSV5vTmQm_-mj7TvxKDOZO8Rf915CsZpCECB3s-amNhO3eusOFey3CHA4JT3nOafWxvAKCbBe2qoHf0a6tnimBcd7NXrQzjgZdeiMo7zVSwlF9T4BwA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1fVgUiIau1Em5WfB511ss-8fWeSV5vTmQm_-mj7TvxKDOZO8Rf915CsZpCECB3s-amNhO3eusOFey3CHA4JT3nOafWxvAKCbBe2qoHf0a6tnimBcd7NXrQzjgZdeiMo7zVSwlF9T4BwA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1fVgUiIau1Em5WfB511ss-8fWeSV5vTmQm_-mj7TvxKDOZO8Rf915CsZpCECB3s-amNhO3eusOFey3CHA4JT3nOafWxvAKCbBe2qoHf0a6tnimBcd7NXrQzjgZdeiMo7zVSwlF9T4BwA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG1fVgUiIau1Em5WfB511ss-8fWeSV5vTmQm_-mj7TvxKDOZO8Rf915CsZpCECB3s-amNhO3eusOFey3CHA4JT3nOafWxvAKCbBe2qoHf0a6tnimBcd7NXrQzjgZdeiMo7zVSwlF9T4BwA==&uniplatform=NZKPT&language=CHS


MINI REVIEW
Traditional Medicine Research 2024;9(12):71. https://doi.org/10.53388/TMR20240321001

8
Submit a manuscript: https://www.tmrjournals.com/tmr

the spatial characteristics of host-gut microbiota interactions in
Crohn’s disease. Cell Rep Med. 2023;4(6):101050. Available at:
http://doi.org/10.1016/j.xcrm.2023.101050

22. Wiertsema SP, van Bergenhenegouwen J, Garssen J, Knippels
LMJ. The interplay between the gut microbiome and the
immune system in the context of infectious diseases throughout
life and the role of nutrition in optimizing treatment strategies.
Nutrients. 2021;13(3):886. Available at:
http://doi.org/10.3390/nu13030886

23. Huang HW, Mao L, Xiao X. Correlation between gut
micro-ecology and development of radiation enteritis. J
Chongqing Med Univ. 2020;45(9):1319–1322. (Chinese)
Available at:
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0
Rt_EEuKJ6HAOM0SlUmLQU6Lj0lvtsd55b2SvcSHXvDvgZy9Ou
m_0Blx3LxeOsIuRJXBdMeaTDzfKL19pObzItq_m5RWbGBT6IfTx
vjuhxSSHuWcrPeiCgSUvGwzLh3cuhQ0js71ZlGA==&uniplatfo
rm=NZKPT&language=CHS

24. Li HB, Wu SH, Zhang YY, et al. Research progress on the
interaction between traditional Chinese medicine and intestinal
bacteria. Chin Tradit Pat Med. 2016;38(1):147–151. (Chinese)
Available at:
https://kns.cnki.net/kcms2/article/abstract?v=3_cPGLZMhAlb
pB8cSPaq47qqK3SGK3ICS25_u6ts6LOkgP6sdgp_1Tt4FKDqxG1
0aP7iPBIJqSvKAkcQ2XHGXwWBGS5wGTCrhy4NZqccgMCYMF
YXNX-1jAgaR588AKlu&uniplatform=NZKPT

25. Chen SJ, Wu DX, Liu SY, Zhao HX, Xiu Y. Research progress of
chemical and biological transformation of ginsenosides. Chin
Tradit Pat Med. 2022;44(5):1539–1545. (Chinese) Available at:

26. Wang SS, Hu P, Yu SW. Progress in research of
biotransformation of natural products. Chin J New Drugs.
2016;25(1):71–75. (Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEW
pNfF1QAXX2UCR138aS_7TbEwSAG1FVeleo1hxNB6skcEgdCeR
fLXpHfcf3tTjaLArOtKf9KHD_4HH0ogKQMqaTIMpWEQmxgSeM
0Y3vSfmIayXA0KX4eB_KNgKPN_MjJxeojec_hWRA==&uniplat
form=NZKPT&language=CHS

27. Yuan SZ, Wang B, Zhou X, et al. Research progress on the
biotransformation of rare ginsenosides. Sci Technol Food Ind.
2023;44(12):480–489. (Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHJ
7e6t0iaz4LZ11r3WZwFhz36Os7vwi2bc4VMPufsSVHxgt8V8EL
XWLXKCLq5mod8_gOZ-tQPAuWPPXjA29KsQGlwfBa3M_fhN0Z
2ANe4ViJj4bWr4JnoSfn5nwCHSsX95dXUapDza5Q==&unipla
tform=NZKPT&language=CHS

28. Zeng X, Zheng YY, He Y,Zhang JH, Peng W, Su WW. Microbial
metabolism of naringin and the impact on antioxidant capacity.
Nutrients. 2022;14(18):3765. Available at:
http://doi.org/10.3390/nu14183765

29. Xie GZ, Huang LL, Zhang SH, Tan ZJ. Advances in metabolism
of glycosides by gut microbiota. Nat Prod Res and Dev.
2022;34(7):1261–1271. (Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGL
uZksHwTBFHPeaauI5-3QifAHhRQEhEHKMFVqeuxq9ZSwAcBff
wdcV21o_YVnmeZ9G1rI17VztgEQnwCxYdYb9qFdtrTdr0ulbn8
9567QD1_apiWmBEnShWwai7BWe9BNO9nzupE4RQ==&uni
platform=NZKPT&language=CHS

30. Zhang SJ, Guo JR, Kang A, Di LQ. Advance in studies on gut
microbiota in de-glycosylation of traditional Chinese medicine
glycosides. China J Chin Mater Med. 2013;38(10):1459–1466.
(Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgH2
Qo0E9R2MW7oVKCKPI2kEyZrqdl8ev6TM4ugSHm-ZNTmTbX
WPnDop77ls2oQ3v9aUk8-QI2qqPki1YXMZV1jCVFeRDb6u7C_g
bSF9qvqlwlektWPClUKw8TxEMIIBRBQ=&uniplatform=NZKP
T&language=CHS

31. Zheng YX, Li GY. Biotransformation of active constituents of
natural medicine by intestinal flora. Inf Tradit Chin Med.
2016;33(5):122–125. (Chinese) Available at:

https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHw
34bDdhRp3BlgP9ESJnlDZfNpP7vnUOdV6Bfqx5wWcyRSlZsvG
WZ-mNFJkK_ddsqLbbMY-lCYP7oA1Jt3_6rhlsYld8r53I7L-p4ND
U66VgnhI3365m1vXXtUMFJpV7W_29Cn_OHp1g==&uniplatf
orm=NZKPT&language=CHS

32. Peng MF, Tabashsum Z, Anderson M, et al. Effectiveness of
probiotics, prebiotics, and prebiotic-like components in
common functional foods. Compr Rev Food Sci Food Saf.
2020;19(4):1908–1933. Available at:
http://doi.org/10.1111/1541-4337.12565

33. Li C, Cheng C, Jia WW, Yang JL, Yu X, Olaleye OE.
Multi-compound pharmacokinetic research on Chinese herbal
medicines: identifying potentially therapeutic compounds and
characterizing their disposition and pharmacokinetics. Acta
Pharmaceutica Sinica. 2021;56(9):2426–2446. (Chinese)
Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEjU
6oSWt8McHnBZuJEdAOoMfht0GA_X77dKeHxiYLNRfTetytKTfg
f3gNeCF1U141KpBMWRooow6opv8F99VyqixsziWlbguVmy_FE
Au3eBPu26cYNRYgsKo3CwHAlF_dJutVJZXAn5A==&uniplatf
orm=NZKPT&language=CHS

34. Chen MY, Shao L, Zhang W, et al. Metabolic analysis of Panax
notoginseng saponins with gut microbiota-mediated
biotransformation by HPLC-DAD-Q-TOF-MS/MS. J Pharm
Biomed Anal. 2018;150:199–207. Available at:
http://doi.org/10.1016/j.jpba.2017.12.011

35. Tang L, Fu LL, Shen LT, et al. Degradation of total saponins of
Panax notoginseng by intestinal flora of rats in vitro. Chin Tradit
Herb Drugs. 2018;49(2):396–399. (Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGf4
ICAncRc8shp4vGXFQrXHwKXPipqIeIAyMWeibJofDU4Tk6PoFfj
jbQZg2R9ZxGRLD2sU6xEJz0Dk__Ocrfbp0C7u1EWxLAGhbENQ
MSAADXSqwqZEijg1x6V2w0-bX5P1VJC-YQfmg==&uniplatfo
rm=NZKPT&language=CHS

36. Li GL, Qi YJ, Li HB, Lv N, Jiang WX, Lv SH. Preliminary study
on the difference metabolism of several ginsenosides in Panax
notoginseng with rat or human gut microflora by UPLC method.
Nat Prod Res Dev. 2019;31(7):1203–1210+1146. (Chinese)
Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgG9I
Euq3H1o5yTG6l1y4wUzsbdyULMbUx6_kgo2jGibwFpWMWIgy
T_RTpUf1z6Egm2_dwWaiE2PuHdLPG0Wf-6EdhLzrJhjMLCW3O
QWnHDhlOixIfXbFpHkMrmEaoe8bCDnJywDmGhsMA==&un
iplatform=NZKPT&language=CHS

37. Yan T, Yi T, Zheng TT. Effects of human intestinal flora on the
metabolic tranRb1sformations of ginsenoside Rg3 and pulsatilla
saponin D. Chin Tradit Pat Med. 2018;40(9):1902–1909.
(Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF_Z
XH44ZBB_elbFOTPz-E1ghImmLFK28bQY9c_5qDY-qpbjfkONvU
SHESisAmkhVVm1bkZ6j4iEwwR7PU0dTN2U3yDQdcfPFnQOk
bqxRY35qe59TNlZrOWfjTmqtxqAETug8K4upOtPA==&unipla
tform=NZKPT&language=CHS

38. Qian J, Kang A, Di LQ, Di YW, Li J. Research on the metabolism
of ginsenoside by intestinal flora under anaerobic and aerobic
conditions in vitro. J Nanjing Univ Tradit Chin Med.
2015;31(6):567–570. (Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEJ_
z0ZMTxySi4ie5vphiVH6CnKc8w8EndD3ZjREP8h1_HdrpgvMSc
UJsHzm3ZwSg7whOo7Kn_zp2TwhedKLPMsAQAGxrftyERIH0H
Aj42OyGrHuceKOjoHIP92RIXVd_DVwTftUrqNfg==&uniplatf
orm=NZKPT&language=CHS

39. Gao J, Zhou AD, Yuan Y, Zhao TJ. Enzymatic degradation of
ginsenoside Rb1 for preparation of compound K by Aspergillus
niger sp. J7. Curr Biotechnol. 2016;6(2):98–104. (Chinese)
Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEbe
TpnJnfuQiMz4UaNmDQdCXgIZWHJWhzfAK3Rnx_Ck1qlKEMlE
jkdrpPdsGY5WvULw4b4g9f-QC7VyDDf_xW_EJe_Tzdz_uqPbN62

http://doi.org/10.1016/j.xcrm.2023.101050
http://doi.org/10.3390/nu13030886
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0Rt_EEuKJ6HAOM0SlUmLQU6Lj0lvtsd55b2SvcSHXvDvgZy9Oum_0Blx3LxeOsIuRJXBdMeaTDzfKL19pObzItq_m5RWbGBT6IfTxvjuhxSSHuWcrPeiCgSUvGwzLh3cuhQ0js71ZlGA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0Rt_EEuKJ6HAOM0SlUmLQU6Lj0lvtsd55b2SvcSHXvDvgZy9Oum_0Blx3LxeOsIuRJXBdMeaTDzfKL19pObzItq_m5RWbGBT6IfTxvjuhxSSHuWcrPeiCgSUvGwzLh3cuhQ0js71ZlGA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0Rt_EEuKJ6HAOM0SlUmLQU6Lj0lvtsd55b2SvcSHXvDvgZy9Oum_0Blx3LxeOsIuRJXBdMeaTDzfKL19pObzItq_m5RWbGBT6IfTxvjuhxSSHuWcrPeiCgSUvGwzLh3cuhQ0js71ZlGA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0Rt_EEuKJ6HAOM0SlUmLQU6Lj0lvtsd55b2SvcSHXvDvgZy9Oum_0Blx3LxeOsIuRJXBdMeaTDzfKL19pObzItq_m5RWbGBT6IfTxvjuhxSSHuWcrPeiCgSUvGwzLh3cuhQ0js71ZlGA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=7qHjwMDcsG0Rt_EEuKJ6HAOM0SlUmLQU6Lj0lvtsd55b2SvcSHXvDvgZy9Oum_0Blx3LxeOsIuRJXBdMeaTDzfKL19pObzItq_m5RWbGBT6IfTxvjuhxSSHuWcrPeiCgSUvGwzLh3cuhQ0js71ZlGA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEWpNfF1QAXX2UCR138aS_7TbEwSAG1FVeleo1hxNB6skcEgdCeRfLXpHfcf3tTjaLArOtKf9KHD_4HH0ogKQMqaTIMpWEQmxgSeM0Y3vSfmIayXA0KX4eB_KNgKPN_MjJxeojec_hWRA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEWpNfF1QAXX2UCR138aS_7TbEwSAG1FVeleo1hxNB6skcEgdCeRfLXpHfcf3tTjaLArOtKf9KHD_4HH0ogKQMqaTIMpWEQmxgSeM0Y3vSfmIayXA0KX4eB_KNgKPN_MjJxeojec_hWRA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEWpNfF1QAXX2UCR138aS_7TbEwSAG1FVeleo1hxNB6skcEgdCeRfLXpHfcf3tTjaLArOtKf9KHD_4HH0ogKQMqaTIMpWEQmxgSeM0Y3vSfmIayXA0KX4eB_KNgKPN_MjJxeojec_hWRA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEWpNfF1QAXX2UCR138aS_7TbEwSAG1FVeleo1hxNB6skcEgdCeRfLXpHfcf3tTjaLArOtKf9KHD_4HH0ogKQMqaTIMpWEQmxgSeM0Y3vSfmIayXA0KX4eB_KNgKPN_MjJxeojec_hWRA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEWpNfF1QAXX2UCR138aS_7TbEwSAG1FVeleo1hxNB6skcEgdCeRfLXpHfcf3tTjaLArOtKf9KHD_4HH0ogKQMqaTIMpWEQmxgSeM0Y3vSfmIayXA0KX4eB_KNgKPN_MjJxeojec_hWRA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHJ7e6t0iaz4LZ11r3WZwFhz36Os7vwi2bc4VMPufsSVHxgt8V8ELXWLXKCLq5mod8_gOZ-tQPAuWPPXjA29KsQGlwfBa3M_fhN0Z2ANe4ViJj4bWr4JnoSfn5nwCHSsX95dXUapDza5Q==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHJ7e6t0iaz4LZ11r3WZwFhz36Os7vwi2bc4VMPufsSVHxgt8V8ELXWLXKCLq5mod8_gOZ-tQPAuWPPXjA29KsQGlwfBa3M_fhN0Z2ANe4ViJj4bWr4JnoSfn5nwCHSsX95dXUapDza5Q==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHJ7e6t0iaz4LZ11r3WZwFhz36Os7vwi2bc4VMPufsSVHxgt8V8ELXWLXKCLq5mod8_gOZ-tQPAuWPPXjA29KsQGlwfBa3M_fhN0Z2ANe4ViJj4bWr4JnoSfn5nwCHSsX95dXUapDza5Q==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHJ7e6t0iaz4LZ11r3WZwFhz36Os7vwi2bc4VMPufsSVHxgt8V8ELXWLXKCLq5mod8_gOZ-tQPAuWPPXjA29KsQGlwfBa3M_fhN0Z2ANe4ViJj4bWr4JnoSfn5nwCHSsX95dXUapDza5Q==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHJ7e6t0iaz4LZ11r3WZwFhz36Os7vwi2bc4VMPufsSVHxgt8V8ELXWLXKCLq5mod8_gOZ-tQPAuWPPXjA29KsQGlwfBa3M_fhN0Z2ANe4ViJj4bWr4JnoSfn5nwCHSsX95dXUapDza5Q==&uniplatform=NZKPT&language=CHS
http://doi.org/10.3390/nu14183765
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGLuZksHwTBFHPeaauI5-3QifAHhRQEhEHKMFVqeuxq9ZSwAcBffwdcV21o_YVnmeZ9G1rI17VztgEQnwCxYdYb9qFdtrTdr0ulbn89567QD1_apiWmBEnShWwai7BWe9BNO9nzupE4RQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGLuZksHwTBFHPeaauI5-3QifAHhRQEhEHKMFVqeuxq9ZSwAcBffwdcV21o_YVnmeZ9G1rI17VztgEQnwCxYdYb9qFdtrTdr0ulbn89567QD1_apiWmBEnShWwai7BWe9BNO9nzupE4RQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGLuZksHwTBFHPeaauI5-3QifAHhRQEhEHKMFVqeuxq9ZSwAcBffwdcV21o_YVnmeZ9G1rI17VztgEQnwCxYdYb9qFdtrTdr0ulbn89567QD1_apiWmBEnShWwai7BWe9BNO9nzupE4RQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGLuZksHwTBFHPeaauI5-3QifAHhRQEhEHKMFVqeuxq9ZSwAcBffwdcV21o_YVnmeZ9G1rI17VztgEQnwCxYdYb9qFdtrTdr0ulbn89567QD1_apiWmBEnShWwai7BWe9BNO9nzupE4RQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGLuZksHwTBFHPeaauI5-3QifAHhRQEhEHKMFVqeuxq9ZSwAcBffwdcV21o_YVnmeZ9G1rI17VztgEQnwCxYdYb9qFdtrTdr0ulbn89567QD1_apiWmBEnShWwai7BWe9BNO9nzupE4RQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgH2Qo0E9R2MW7oVKCKPI2kEyZrqdl8ev6TM4ugSHm-ZNTmTbXWPnDop77ls2oQ3v9aUk8-QI2qqPki1YXMZV1jCVFeRDb6u7C_gbSF9qvqlwlektWPClUKw8TxEMIIBRBQ=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgH2Qo0E9R2MW7oVKCKPI2kEyZrqdl8ev6TM4ugSHm-ZNTmTbXWPnDop77ls2oQ3v9aUk8-QI2qqPki1YXMZV1jCVFeRDb6u7C_gbSF9qvqlwlektWPClUKw8TxEMIIBRBQ=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgH2Qo0E9R2MW7oVKCKPI2kEyZrqdl8ev6TM4ugSHm-ZNTmTbXWPnDop77ls2oQ3v9aUk8-QI2qqPki1YXMZV1jCVFeRDb6u7C_gbSF9qvqlwlektWPClUKw8TxEMIIBRBQ=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgH2Qo0E9R2MW7oVKCKPI2kEyZrqdl8ev6TM4ugSHm-ZNTmTbXWPnDop77ls2oQ3v9aUk8-QI2qqPki1YXMZV1jCVFeRDb6u7C_gbSF9qvqlwlektWPClUKw8TxEMIIBRBQ=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgH2Qo0E9R2MW7oVKCKPI2kEyZrqdl8ev6TM4ugSHm-ZNTmTbXWPnDop77ls2oQ3v9aUk8-QI2qqPki1YXMZV1jCVFeRDb6u7C_gbSF9qvqlwlektWPClUKw8TxEMIIBRBQ=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHw34bDdhRp3BlgP9ESJnlDZfNpP7vnUOdV6Bfqx5wWcyRSlZsvGWZ-mNFJkK_ddsqLbbMY-lCYP7oA1Jt3_6rhlsYld8r53I7L-p4NDU66VgnhI3365m1vXXtUMFJpV7W_29Cn_OHp1g==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHw34bDdhRp3BlgP9ESJnlDZfNpP7vnUOdV6Bfqx5wWcyRSlZsvGWZ-mNFJkK_ddsqLbbMY-lCYP7oA1Jt3_6rhlsYld8r53I7L-p4NDU66VgnhI3365m1vXXtUMFJpV7W_29Cn_OHp1g==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHw34bDdhRp3BlgP9ESJnlDZfNpP7vnUOdV6Bfqx5wWcyRSlZsvGWZ-mNFJkK_ddsqLbbMY-lCYP7oA1Jt3_6rhlsYld8r53I7L-p4NDU66VgnhI3365m1vXXtUMFJpV7W_29Cn_OHp1g==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHw34bDdhRp3BlgP9ESJnlDZfNpP7vnUOdV6Bfqx5wWcyRSlZsvGWZ-mNFJkK_ddsqLbbMY-lCYP7oA1Jt3_6rhlsYld8r53I7L-p4NDU66VgnhI3365m1vXXtUMFJpV7W_29Cn_OHp1g==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHw34bDdhRp3BlgP9ESJnlDZfNpP7vnUOdV6Bfqx5wWcyRSlZsvGWZ-mNFJkK_ddsqLbbMY-lCYP7oA1Jt3_6rhlsYld8r53I7L-p4NDU66VgnhI3365m1vXXtUMFJpV7W_29Cn_OHp1g==&uniplatform=NZKPT&language=CHS
http://doi.org/10.1111/1541-4337.12565
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEjU6oSWt8McHnBZuJEdAOoMfht0GA_X77dKeHxiYLNRfTetytKTfgf3gNeCF1U141KpBMWRooow6opv8F99VyqixsziWlbguVmy_FEAu3eBPu26cYNRYgsKo3CwHAlF_dJutVJZXAn5A==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEjU6oSWt8McHnBZuJEdAOoMfht0GA_X77dKeHxiYLNRfTetytKTfgf3gNeCF1U141KpBMWRooow6opv8F99VyqixsziWlbguVmy_FEAu3eBPu26cYNRYgsKo3CwHAlF_dJutVJZXAn5A==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEjU6oSWt8McHnBZuJEdAOoMfht0GA_X77dKeHxiYLNRfTetytKTfgf3gNeCF1U141KpBMWRooow6opv8F99VyqixsziWlbguVmy_FEAu3eBPu26cYNRYgsKo3CwHAlF_dJutVJZXAn5A==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEjU6oSWt8McHnBZuJEdAOoMfht0GA_X77dKeHxiYLNRfTetytKTfgf3gNeCF1U141KpBMWRooow6opv8F99VyqixsziWlbguVmy_FEAu3eBPu26cYNRYgsKo3CwHAlF_dJutVJZXAn5A==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEjU6oSWt8McHnBZuJEdAOoMfht0GA_X77dKeHxiYLNRfTetytKTfgf3gNeCF1U141KpBMWRooow6opv8F99VyqixsziWlbguVmy_FEAu3eBPu26cYNRYgsKo3CwHAlF_dJutVJZXAn5A==&uniplatform=NZKPT&language=CHS
http://doi.org/10.1016/j.jpba.2017.12.011
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGf4ICAncRc8shp4vGXFQrXHwKXPipqIeIAyMWeibJofDU4Tk6PoFfjjbQZg2R9ZxGRLD2sU6xEJz0Dk__Ocrfbp0C7u1EWxLAGhbENQMSAADXSqwqZEijg1x6V2w0-bX5P1VJC-YQfmg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGf4ICAncRc8shp4vGXFQrXHwKXPipqIeIAyMWeibJofDU4Tk6PoFfjjbQZg2R9ZxGRLD2sU6xEJz0Dk__Ocrfbp0C7u1EWxLAGhbENQMSAADXSqwqZEijg1x6V2w0-bX5P1VJC-YQfmg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGf4ICAncRc8shp4vGXFQrXHwKXPipqIeIAyMWeibJofDU4Tk6PoFfjjbQZg2R9ZxGRLD2sU6xEJz0Dk__Ocrfbp0C7u1EWxLAGhbENQMSAADXSqwqZEijg1x6V2w0-bX5P1VJC-YQfmg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGf4ICAncRc8shp4vGXFQrXHwKXPipqIeIAyMWeibJofDU4Tk6PoFfjjbQZg2R9ZxGRLD2sU6xEJz0Dk__Ocrfbp0C7u1EWxLAGhbENQMSAADXSqwqZEijg1x6V2w0-bX5P1VJC-YQfmg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgGf4ICAncRc8shp4vGXFQrXHwKXPipqIeIAyMWeibJofDU4Tk6PoFfjjbQZg2R9ZxGRLD2sU6xEJz0Dk__Ocrfbp0C7u1EWxLAGhbENQMSAADXSqwqZEijg1x6V2w0-bX5P1VJC-YQfmg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgG9IEuq3H1o5yTG6l1y4wUzsbdyULMbUx6_kgo2jGibwFpWMWIgyT_RTpUf1z6Egm2_dwWaiE2PuHdLPG0Wf-6EdhLzrJhjMLCW3OQWnHDhlOixIfXbFpHkMrmEaoe8bCDnJywDmGhsMA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgG9IEuq3H1o5yTG6l1y4wUzsbdyULMbUx6_kgo2jGibwFpWMWIgyT_RTpUf1z6Egm2_dwWaiE2PuHdLPG0Wf-6EdhLzrJhjMLCW3OQWnHDhlOixIfXbFpHkMrmEaoe8bCDnJywDmGhsMA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgG9IEuq3H1o5yTG6l1y4wUzsbdyULMbUx6_kgo2jGibwFpWMWIgyT_RTpUf1z6Egm2_dwWaiE2PuHdLPG0Wf-6EdhLzrJhjMLCW3OQWnHDhlOixIfXbFpHkMrmEaoe8bCDnJywDmGhsMA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgG9IEuq3H1o5yTG6l1y4wUzsbdyULMbUx6_kgo2jGibwFpWMWIgyT_RTpUf1z6Egm2_dwWaiE2PuHdLPG0Wf-6EdhLzrJhjMLCW3OQWnHDhlOixIfXbFpHkMrmEaoe8bCDnJywDmGhsMA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgG9IEuq3H1o5yTG6l1y4wUzsbdyULMbUx6_kgo2jGibwFpWMWIgyT_RTpUf1z6Egm2_dwWaiE2PuHdLPG0Wf-6EdhLzrJhjMLCW3OQWnHDhlOixIfXbFpHkMrmEaoe8bCDnJywDmGhsMA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF_ZXH44ZBB_elbFOTPz-E1ghImmLFK28bQY9c_5qDY-qpbjfkONvUSHESisAmkhVVm1bkZ6j4iEwwR7PU0dTN2U3yDQdcfPFnQOkbqxRY35qe59TNlZrOWfjTmqtxqAETug8K4upOtPA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF_ZXH44ZBB_elbFOTPz-E1ghImmLFK28bQY9c_5qDY-qpbjfkONvUSHESisAmkhVVm1bkZ6j4iEwwR7PU0dTN2U3yDQdcfPFnQOkbqxRY35qe59TNlZrOWfjTmqtxqAETug8K4upOtPA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF_ZXH44ZBB_elbFOTPz-E1ghImmLFK28bQY9c_5qDY-qpbjfkONvUSHESisAmkhVVm1bkZ6j4iEwwR7PU0dTN2U3yDQdcfPFnQOkbqxRY35qe59TNlZrOWfjTmqtxqAETug8K4upOtPA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF_ZXH44ZBB_elbFOTPz-E1ghImmLFK28bQY9c_5qDY-qpbjfkONvUSHESisAmkhVVm1bkZ6j4iEwwR7PU0dTN2U3yDQdcfPFnQOkbqxRY35qe59TNlZrOWfjTmqtxqAETug8K4upOtPA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF_ZXH44ZBB_elbFOTPz-E1ghImmLFK28bQY9c_5qDY-qpbjfkONvUSHESisAmkhVVm1bkZ6j4iEwwR7PU0dTN2U3yDQdcfPFnQOkbqxRY35qe59TNlZrOWfjTmqtxqAETug8K4upOtPA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEJ_z0ZMTxySi4ie5vphiVH6CnKc8w8EndD3ZjREP8h1_HdrpgvMScUJsHzm3ZwSg7whOo7Kn_zp2TwhedKLPMsAQAGxrftyERIH0HAj42OyGrHuceKOjoHIP92RIXVd_DVwTftUrqNfg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEJ_z0ZMTxySi4ie5vphiVH6CnKc8w8EndD3ZjREP8h1_HdrpgvMScUJsHzm3ZwSg7whOo7Kn_zp2TwhedKLPMsAQAGxrftyERIH0HAj42OyGrHuceKOjoHIP92RIXVd_DVwTftUrqNfg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEJ_z0ZMTxySi4ie5vphiVH6CnKc8w8EndD3ZjREP8h1_HdrpgvMScUJsHzm3ZwSg7whOo7Kn_zp2TwhedKLPMsAQAGxrftyERIH0HAj42OyGrHuceKOjoHIP92RIXVd_DVwTftUrqNfg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEJ_z0ZMTxySi4ie5vphiVH6CnKc8w8EndD3ZjREP8h1_HdrpgvMScUJsHzm3ZwSg7whOo7Kn_zp2TwhedKLPMsAQAGxrftyERIH0HAj42OyGrHuceKOjoHIP92RIXVd_DVwTftUrqNfg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEJ_z0ZMTxySi4ie5vphiVH6CnKc8w8EndD3ZjREP8h1_HdrpgvMScUJsHzm3ZwSg7whOo7Kn_zp2TwhedKLPMsAQAGxrftyERIH0HAj42OyGrHuceKOjoHIP92RIXVd_DVwTftUrqNfg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEbeTpnJnfuQiMz4UaNmDQdCXgIZWHJWhzfAK3Rnx_Ck1qlKEMlEjkdrpPdsGY5WvULw4b4g9f-QC7VyDDf_xW_EJe_Tzdz_uqPbN62SkV8P9VGmq4fgJLFbs0PeLoN3EglR1rKBu_FAA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEbeTpnJnfuQiMz4UaNmDQdCXgIZWHJWhzfAK3Rnx_Ck1qlKEMlEjkdrpPdsGY5WvULw4b4g9f-QC7VyDDf_xW_EJe_Tzdz_uqPbN62SkV8P9VGmq4fgJLFbs0PeLoN3EglR1rKBu_FAA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEbeTpnJnfuQiMz4UaNmDQdCXgIZWHJWhzfAK3Rnx_Ck1qlKEMlEjkdrpPdsGY5WvULw4b4g9f-QC7VyDDf_xW_EJe_Tzdz_uqPbN62SkV8P9VGmq4fgJLFbs0PeLoN3EglR1rKBu_FAA==&uniplatform=NZKPT&language=CHS


MINI REVIEW
Traditional Medicine Research 2024;9(12):71. https://doi.org/10.53388/TMR20240321001

9
Submit a manuscript: https://www.tmrjournals.com/tmr

SkV8P9VGmq4fgJLFbs0PeLoN3EglR1rKBu_FAA==&uniplatfo
rm=NZKPT&language=CHS

40. Liu CY, Zuo KZ, Yu HS, et al. Preparation of minor ginsenosides
C-Mx and C-K from notoginseng leaf ginsenosides by a special
ginsenosidase type-I. Process Biochem. 2015;50(12):2158–2167.
Available at:
http://doi.org/10.1016/j.procbio.2015.10.011

41. Chen Y, Zhang MP, Wang Y, et al. Microbial transformed
ginsenoside Rg3 from total saponins of Panax ginseng by
Bacillus subtilis. Lishizhen Med Mater Med Res.
2014;25(11):2676–2678. (Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF2
H42DLMGwvdGoPC17nBtJ74HUogpaDqJ5MKMWmoSPRL5No
pxcAnossEcBCOxVgxIco4YOnnt-XokAthDRsFFVO3ZHTaXwVK
msxOsT_V0YYLVF7_uM24jwxjah2lWpy0kfuOEBSRXEdw==&
uniplatform=NZKPT&language=CHS

42. Song XL, Wu H, Piao XC, Yin ZH, Yin CR. Microbial
transformation of ginsenosides extracted from Panax ginseng
adventitious roots in an airlift bioreactor. Electron J Biotechnol.
2017;26:20–26. Available at:
http://doi.org/10.1016/j.ejbt.2016.12.005

43. Yan Q, Zhou W, Shi XL, Zhou P, Ju DW, Feng MQ.
Biotransformation pathways of ginsenoside Rb1 to compound K
by β-glucosidases in fungus Paecilomyces Bainier sp. 229.
Process Biochem. 2010;45(9):1550–1556. Available at:
http://doi.org/10.1016/j.procbio.2010.06.007

44. Zhang R, Huang XM, Yan HJ, et al. Highly selective production
of compound K from ginsenoside Rd by hydrolyzing glucose at
C-3 glycoside using β-glucosidase of Bifidobacterium breve
ATCC 15700. J Microbiol Biotechnol. 2019;29(3):410–418.
Available at:
http://doi.org/10.4014/jmb.1808.08059

45. Geraldi A, Ni’matuzahroh, Fatimah, Cui CH, Nguyen TT, Kim SC.
Enzymatic biotransformation of ginsenoside Rb1 by
recombinant β-glucosidase of bacterial isolates from Indonesia.
Biocatal Agric Biotechnol. 2020;23:101449. Available at:
http://doi.org/10.1016/j.bcab.2019.101449

46. Li L, Lee SJ, Yuan QP, Im WT, Kim SC, Han NS. Production of
bioactive ginsenoside Rg3(S) and compound K using
recombinant Lactococcus lactis. J Ginseng Res.
2018;42(4):412–418. Available at:
http://doi.org/10.1016/j.jgr.2017.04.007

47. Pei JJ, Xie JC, Yin R, et al. Enzymatic transformation of
ginsenoside Rb1 to ginsenoside 20(S)-Rg3 by GH3
beta-glucosidase from Thermotoga thermarum DSM 5069T. J
Mol Catal B Enzym. 2015;113:104–109. Available at:
http://doi.org/10.1016/j.molcatb.2014.12.012

48. Zhang SS, Xie JC, Zhao LG, et al. Cloning, overexpression and
characterization of a thermostable β-xylosidase from
Thermotoga petrophila and cooperated transformation of
ginsenoside extract to ginsenoside 20(S)-Rg3 with a
β-glucosidase. Bioorg Chem. 2019;85:159–167. Available at:
http://doi.org/10.1016/j.bioorg.2018.12.026

49. Shao L, Wang L, Shi YY, et al. Biotransformation of the saponins
in Panax notoginseng leaves mediated by gut microbiota from
insomniac patients. J Sep Sci. 2023;46(6):e2200803. Available
at:
http://doi.org/10.1002/jssc.202200803

50. Wang L, Chen MY, Shao L, Zhang W, Li XP, Huang WH.
Personalized bioconversion of Panax notoginseng saponins
mediated by gut microbiota between two different diet-pattern
healthy subjects. Chin Med. 2021;16(1):60. Available at:
http://doi.org/10.1186/s13020-021-00476-5

51. Kim KA, Jung IH, Park SH, Ahn YT, Huh CS, Kim DH.
Comparative analysis of the gut microbiota in people with
different levels of ginsenoside Rb1 degradation to compound K.
PLoS One. 2013;8(4):e62409. Available at:
http://doi.org/10.1371/journal.pone.0062409

52. Jung IH, Lee JH, Hyun YJ, Kim DH. Metabolism of ginsenoside

Rb1 by human intestinal microflora and cloning of its
metabolizing β-D-glucosidase from Bifidobacterium longum H-1.
Biol Pharm Bull. 2012;35(4):573–581. Available at:
http://doi.org/10.1248/bpb.35.573

53. Bae EA, Choo MK, Park EK, Park SY, Shin HY, Kim DH.
Metabolism of ginsenoside Rc by human intestinal bacteria and
its related antiallergic activity. Biol Pharm Bull.
2002;25(6):743–747. Available at:
http://doi.org/10.1248/bpb.25.743

54. Jeon JH, Lee J, Park JH, Lee CH, Choi MK, Song IS. Effect of
lactic acid bacteria on the pharmacokinetics and metabolism of
ginsenosides in mice. Pharmaceutics. 2021;13(9):1496.
Available at:
http://doi.org/10.3390/pharmaceutics13091496

55. Yan S, Wei PC, Chen Q, et al. Functional and structural
characterization of a β-glucosidase involved in saponin
metabolism from intestinal bacteria. Biochem Biophys Res
Commun. 2018;496(4):1349–1356. Available at:
http://doi.org/10.1016/j.bbrc.2018.02.018

56. Hyun YJ, Kim B, Kim DH. Cloning and characterization of
ginsenoside Ra1-hydrolyzing beta-D-xylosidase from
Bifidobacterium breve K-110. J Microbiol Biotechnol.
2012;22(4):535–540. Available at:
http://doi.org/10.4014/jmb.1110.10001

57. Guo YP, Shao L, Wang L, Chen MY, Zhang W, Huang WH.
Bioconversion variation of ginsenoside CK mediated by human
gut microbiota from healthy volunteers and colorectal cancer
patients. Chin Med. 2021;16(1):28. Available at:
http://doi.org/10.1186/s13020-021-00436-z

58. Xiao JC, Chen HM, Kang D, et al. Qualitatively and
quantitatively investigating the regulation of intestinal
microbiota on the metabolism of panax notoginseng saponins. J
Ethnopharmacol. 2016;194:324–336. Available at:
http://doi.org/10.1016/j.jep.2016.09.027

59. Bae EA, Shin JE, Kim DH. Metabolism of ginsenoside Re by
human intestinal microflora and its estrogenic effect. Biol Pharm
Bull. 2005;28(10):1903–1908. Available at:
http://doi.org/10.1248/bpb.28.1903

60. Zu XP, Lin Z, Xie HS, Yang N, Liu XR, Zhang WD. Interaction of
effective ingredients from traditional Chinese medicines with
intestinal microbiota. Zhongguo Zhong Yao Za Zhi.
2016;41(10):1766–1772. (Chinese) Available at:
https://pubmed.ncbi.nlm.nih.gov/28895319/

61. An XD, Bao Q, Di S, et al. The interaction between the gut
microbiota and herbal medicines. Biomed Pharmacother.
2019;118:109252. Available at:
http://doi.org/10.1016/j.biopha.2019.109252

62. Gao X, Geng T, Ma Y, et al. Metabolism of six saponins by rat
intestinal bacteria in vitro. Zhongguo Zhong Yao Za Zhi.
2016;41(12):2329–2338. (Chinese) Available at:
https://pubmed.ncbi.nlm.nih.gov/28901081/

63. Ju ZC, Li J, Lu Q, Yang YB, Yang L, Wang ZT. Identification and
quantitative investigation of the effects of intestinal microflora
on the metabolism and pharmacokinetics of notoginsenoside Fc
assayed by liquid chromatography with electrospray ionization
tandem mass spectrometry. J Sep Sci. 2019;42(9):1740–1749.
Available at:
http://doi.org/10.1002/jssc.201801237

64. Mi YG, Xu XY, Hong LL, et al. Comparative characterization of
the ginsenosides from six Panax herbal extracts and their in
vitro rat gut microbial metabolites by advanced liquid
chromatography-mass spectrometry approaches. J Agric Food
Chem. 2023;71(24):9391–9403. Available at:
http://doi.org/10.1021/acs.jafc.3c01093

65. Xu HY, Zhang YQ, Wang P, et al. A comprehensive review of
integrative pharmacology-based investigation: A paradigm shift
in traditional Chinese medicine. Acta Pharm Sin B.
2021;11(6):1379–1399. Available at:
http://doi.org/10.1016/j.apsb.2021.03.024

https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEbeTpnJnfuQiMz4UaNmDQdCXgIZWHJWhzfAK3Rnx_Ck1qlKEMlEjkdrpPdsGY5WvULw4b4g9f-QC7VyDDf_xW_EJe_Tzdz_uqPbN62SkV8P9VGmq4fgJLFbs0PeLoN3EglR1rKBu_FAA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgEbeTpnJnfuQiMz4UaNmDQdCXgIZWHJWhzfAK3Rnx_Ck1qlKEMlEjkdrpPdsGY5WvULw4b4g9f-QC7VyDDf_xW_EJe_Tzdz_uqPbN62SkV8P9VGmq4fgJLFbs0PeLoN3EglR1rKBu_FAA==&uniplatform=NZKPT&language=CHS
http://doi.org/10.1016/j.procbio.2015.10.011
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF2H42DLMGwvdGoPC17nBtJ74HUogpaDqJ5MKMWmoSPRL5NopxcAnossEcBCOxVgxIco4YOnnt-XokAthDRsFFVO3ZHTaXwVKmsxOsT_V0YYLVF7_uM24jwxjah2lWpy0kfuOEBSRXEdw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF2H42DLMGwvdGoPC17nBtJ74HUogpaDqJ5MKMWmoSPRL5NopxcAnossEcBCOxVgxIco4YOnnt-XokAthDRsFFVO3ZHTaXwVKmsxOsT_V0YYLVF7_uM24jwxjah2lWpy0kfuOEBSRXEdw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF2H42DLMGwvdGoPC17nBtJ74HUogpaDqJ5MKMWmoSPRL5NopxcAnossEcBCOxVgxIco4YOnnt-XokAthDRsFFVO3ZHTaXwVKmsxOsT_V0YYLVF7_uM24jwxjah2lWpy0kfuOEBSRXEdw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF2H42DLMGwvdGoPC17nBtJ74HUogpaDqJ5MKMWmoSPRL5NopxcAnossEcBCOxVgxIco4YOnnt-XokAthDRsFFVO3ZHTaXwVKmsxOsT_V0YYLVF7_uM24jwxjah2lWpy0kfuOEBSRXEdw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgF2H42DLMGwvdGoPC17nBtJ74HUogpaDqJ5MKMWmoSPRL5NopxcAnossEcBCOxVgxIco4YOnnt-XokAthDRsFFVO3ZHTaXwVKmsxOsT_V0YYLVF7_uM24jwxjah2lWpy0kfuOEBSRXEdw==&uniplatform=NZKPT&language=CHS
http://doi.org/10.1016/j.ejbt.2016.12.005
http://doi.org/10.1016/j.procbio.2010.06.007
http://doi.org/10.4014/jmb.1808.08059
http://doi.org/10.1016/j.bcab.2019.101449
https://pubmed.ncbi.nlm.nih.gov/?term=Im+WT&cauthor_id=30337801
http://doi.org/10.1016/j.jgr.2017.04.007
http://doi.org/10.1016/j.molcatb.2014.12.012
http://doi.org/10.1016/j.bioorg.2018.12.026
http://doi.org/10.1002/jssc.202200803
http://doi.org/10.1186/s13020-021-00476-5
http://doi.org/10.1371/journal.pone.0062409
http://doi.org/10.1248/bpb.35.573
http://doi.org/10.1248/bpb.25.743
http://doi.org/10.3390/pharmaceutics13091496
http://doi.org/10.1016/j.bbrc.2018.02.018
http://doi.org/10.4014/jmb.1110.10001
http://doi.org/10.1186/s13020-021-00436-z
http://doi.org/10.1016/j.jep.2016.09.027
http://doi.org/10.1248/bpb.28.1903
https://pubmed.ncbi.nlm.nih.gov/28895319/
http://doi.org/10.1016/j.biopha.2019.109252
https://pubmed.ncbi.nlm.nih.gov/28901081/
http://doi.org/10.1002/jssc.201801237
http://doi.org/10.1021/acs.jafc.3c01093
http://doi.org/10.1016/j.apsb.2021.03.024


MINI REVIEW
Traditional Medicine Research 2024;9(12):71. https://doi.org/10.53388/TMR20240321001

10
Submit a manuscript: https://www.tmrjournals.com/tmr

66. Xu HY, Zhang YQ, Liu ZM, et al. ETCM: an encyclopaedia of
traditional Chinese medicine. Nucleic Acids Res.
2019;47(D1):D976–D982. Available at:
http://doi.org/10.1093/nar/gky987

67. Han B, Li JN, Lv XY, et al. Research progress on metabolic
transformation of traditional Chinese medicine saponins by
intestinal flora. Chin Tradit Herb Drugs. 2023;54(20):6922–6932.
(Chinese) Available at:
https://kns.cnki.net/kcms2/article/abstract?v=MTbc36RhFpQ
Xw5P1SxUGOmTZFeToJZQ6HKuvdJniIdCmorGqFp4RWaEA6F
A-yFLxrat_Le1-pzGXAebRBjO8dohHeKa3SXebRzCzZqKhullYP8
3rj-U5sSzxMDLy1CcF23uzwfP9NSC6GoHddXt4UQ==&unipla
tform=NZKPT&language=CHS

68. Yamaguchi Y, Higashi M, Kobayashi H. Effects of ginsenosides
on impaired performance caused by scopolamine in rats. Eur J
Pharmacol. 1996;312(2):149–151. Available at:
http://doi.org/10.1016/0014-2999(96)00597-3

69. Bae EA, Han MJ, Choo MK, Park SY, Kim DH. Metabolism of
20(S)- and 20(R)-ginsenoside Rg3 by human intestinal bacteria
and its relation to in vitro biological activities. Biol Pharm Bull.
2002;25(1):58–63. Available at:
http://doi.org/10.1248/bpb.25.58

70. Niu T, Smith DL, Yang Z, et al. Bioactivity and bioavailability of
ginsenosides are dependent on the glycosidase activities of the
A/J mouse intestinal microbiome defined by pyrosequencing.
Pharm Res. 2013;30(3):836–846. Available at:
http://doi.org/10.1007/s11095-012-0925-z

71. Li ZP, Ji GE. Ginseng fermented by mycotoxin non-producing
Aspergillus niger: ginsenoside analysis and anti-proliferative
effects. Food Sci Biotechnol. 2017;26(4):987–991. Available at:
http://doi.org/10.1007/s10068-017-0117-z

72. Lee BH, Lee SJ, Hur JH, et al. In vitro antigenotoxic activity of
novel ginseng saponin metabolites formed by intestinal bacteria.
Planta Med. 1998;64(6):500–503. Available at:
http://doi.org/10.1055/s-2006-957501

73. Wang L. Effects and mechanism on anti-inflammatory bowel
disease of Panax notoginseng saponins mediated by gut
microbiota. Central South University. 2024. (Chinese) Available
at:
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHx
oZ4My2R7wJDSTg7l-APiJ1AZjBseiyMlQo93aD2rexv-OykFqk-a
dcN11LHElqitZs0nmofKUD9dIj-7zPFKCvb5dVvFktypmAd5zy9
EE0-mnViEChaNbH5Px7fOWhuyrMceLQbN8A==&uniplatfor
m=NZKPT&language=CHS

74. Daina A, Michielin O, Zoete V. SwissTargetPrediction: updated
data and new features for efficient prediction of protein targets
of small molecules. Nucleic Acids Res.
2019;47(W1):W357–W364. Available at:
http://doi.org/10.1093/nar/gkz382

75. Jin JY, Chen B, Zhan XY, Zhou ZY, Liu H, Dong Y. Network
pharmacology and molecular docking study on the mechanism
of colorectal cancer treatment using Xiao-Chai-Hu-Tang. PLoS
One. 2021;16(6):e0252508. Available at:
http://doi.org/10.1371/journal.pone.0252508

http://doi.org/10.1093/nar/gky987
https://kns.cnki.net/kcms2/article/abstract?v=MTbc36RhFpQXw5P1SxUGOmTZFeToJZQ6HKuvdJniIdCmorGqFp4RWaEA6FA-yFLxrat_Le1-pzGXAebRBjO8dohHeKa3SXebRzCzZqKhullYP83rj-U5sSzxMDLy1CcF23uzwfP9NSC6GoHddXt4UQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=MTbc36RhFpQXw5P1SxUGOmTZFeToJZQ6HKuvdJniIdCmorGqFp4RWaEA6FA-yFLxrat_Le1-pzGXAebRBjO8dohHeKa3SXebRzCzZqKhullYP83rj-U5sSzxMDLy1CcF23uzwfP9NSC6GoHddXt4UQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=MTbc36RhFpQXw5P1SxUGOmTZFeToJZQ6HKuvdJniIdCmorGqFp4RWaEA6FA-yFLxrat_Le1-pzGXAebRBjO8dohHeKa3SXebRzCzZqKhullYP83rj-U5sSzxMDLy1CcF23uzwfP9NSC6GoHddXt4UQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=MTbc36RhFpQXw5P1SxUGOmTZFeToJZQ6HKuvdJniIdCmorGqFp4RWaEA6FA-yFLxrat_Le1-pzGXAebRBjO8dohHeKa3SXebRzCzZqKhullYP83rj-U5sSzxMDLy1CcF23uzwfP9NSC6GoHddXt4UQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=MTbc36RhFpQXw5P1SxUGOmTZFeToJZQ6HKuvdJniIdCmorGqFp4RWaEA6FA-yFLxrat_Le1-pzGXAebRBjO8dohHeKa3SXebRzCzZqKhullYP83rj-U5sSzxMDLy1CcF23uzwfP9NSC6GoHddXt4UQ==&uniplatform=NZKPT&language=CHS
http://doi.org/10.1016/0014-2999(96)00597-3
https://pubmed.ncbi.nlm.nih.gov/?term=Park+SY&cauthor_id=11824558
http://doi.org/10.1248/bpb.25.58
http://doi.org/10.1007/s11095-012-0925-z
http://doi.org/10.1007/s10068-017-0117-z
http://doi.org/10.1055/s-2006-957501
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHxoZ4My2R7wJDSTg7l-APiJ1AZjBseiyMlQo93aD2rexv-OykFqk-adcN11LHElqitZs0nmofKUD9dIj-7zPFKCvb5dVvFktypmAd5zy9EE0-mnViEChaNbH5Px7fOWhuyrMceLQbN8A==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHxoZ4My2R7wJDSTg7l-APiJ1AZjBseiyMlQo93aD2rexv-OykFqk-adcN11LHElqitZs0nmofKUD9dIj-7zPFKCvb5dVvFktypmAd5zy9EE0-mnViEChaNbH5Px7fOWhuyrMceLQbN8A==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHxoZ4My2R7wJDSTg7l-APiJ1AZjBseiyMlQo93aD2rexv-OykFqk-adcN11LHElqitZs0nmofKUD9dIj-7zPFKCvb5dVvFktypmAd5zy9EE0-mnViEChaNbH5Px7fOWhuyrMceLQbN8A==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHxoZ4My2R7wJDSTg7l-APiJ1AZjBseiyMlQo93aD2rexv-OykFqk-adcN11LHElqitZs0nmofKUD9dIj-7zPFKCvb5dVvFktypmAd5zy9EE0-mnViEChaNbH5Px7fOWhuyrMceLQbN8A==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=LGlPPz-4LgHxoZ4My2R7wJDSTg7l-APiJ1AZjBseiyMlQo93aD2rexv-OykFqk-adcN11LHElqitZs0nmofKUD9dIj-7zPFKCvb5dVvFktypmAd5zy9EE0-mnViEChaNbH5Px7fOWhuyrMceLQbN8A==&uniplatform=NZKPT&language=CHS
http://doi.org/10.1093/nar/gkz382
http://doi.org/10.1371/journal.pone.0252508

	Background
	Notoginseng Radix et Rhizoma, called San-Qi in Chi
	Panax notoginseng is widely used in a variety of o
	To date, some in vitro and in vivo studies have be
	Materials and methods
	Available references available concerning gut micr
	nlm.nih.gov/), Science Direct (https://www.science
	Gut microbiota and drug metabolism
	Gut microbiota is a large and complex microecosyst
	Gut microbiota could secrete a wide variety of enz
	Gut microbiota-mediated metabolism of PNS
	PNS have high polarity, low fat solubility and low
	Ginsenoside Rg1, ginsenoside Rb1 and notoginsenosi
	Influenced by diet and disease, the abundance of s
	Reported studies have shown that some fungi and ba
	Table 1 Summary of specific microorganisms and enz
	*NA, not available; PNS, Panax notoginseng saponin
	In general, step-by-step deglycosylation is the pr
	Role of gut microbiota on the pharmacokinetics of 
	Pharmacokinetic studies aim to understand the beha
	Pseudo germ-free rodents are an effective strategy
	These results suggest that the metabolism of PNS w
	Role of gut microbiota on the pharmacodynamics of 
	The pharmacological activity of the compound is cl
	Ginsenoside Rh2 and PPD were defined as the main m
	Table 2 The molecular properties of ginsenoside Rb
	Molecular properties
	Ginsenoside Rb1
	PPD
	Notoginsenoside R1
	PPT
	ALogP
	−1.198
	5.789
	−0.11
	4.62
	Molecular solubility
	−6.095
	−8.328
	−5.424
	−7.191
	Molecular volume
	773.12
	372.15
	663.36
	374.89
	Molecular surface area
	1077.6
	500.93
	917.35
	513.89
	Molecular polar surface area
	377.29
	60.69
	298.14
	80.92
	ADMET absorption level
	3
	1
	3
	0
	ADMET blood-brain barrier level
	4
	1
	4
	2
	ADMET solubility
	−8.235
	−5.769
	−6.783
	−4.532
	PPD, protopanaxadiol; PPT, protopanaxatriol; ADMET
	Figure 1 Proposed metabolism pathways of PPD-type 
	Figure 2 Proposed metabolism pathways of PPT-type 
	In vitro incubation experiments showed that PNS ha
	In addition, taking insenoside Rb1, PPD, notoginse
	Summary and future prospects
	Herein, the metabolic profiles of PNS mediated by 
	Firstly, current researches on PNS metabolism medi
	Secondly, in-depth and systematic studies are nece
	Thirdly, there is a lack of precise strategies for
	References

