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Abstract

Purpose of Review To provide references for further research and for the application of the genus Patrinia, recent studies
concerning the phytochemistry and pharmacology of the genus Patrinia were summarized.

Recent Findings There are about 20 species of Patrinia genus around the world which is mainly distributed throughout East Asia
and North America, and about 10 species, 3 subspecies, and 2 variant species in China which have been used as traditional
Chinese medicine in controlling fever and inflammation along with detoxication, mobilization of blood circulation, and treatment
for stasis, among others. The tender leaves of some species could be used for food. The main chemical constituents are
triterpenoids, iridoids, flavonoids, anthraquinone, coumarin, lignans, steroids organic acids, and alkaloids in Patrinia.
Pharmacology researches showed that Patrinia possesses sedative, antibacterial, antivirus, anti-tumor activities, and protective
effects of liver and gallbladder. It can be used in the treatment of neurasthenia, hepatitis, and pneumonia.

Summary The plant resources of genus Patrinia are rich; at the same time, the genus has complex chemical constituents and

abundant pharmacological activities.

Keywords Genus Patrinia - Chemical constituents - Pharmacology - Triterpenoids

Introduction

There are about 20 species of genus Patrinia all over the world
which are mainly distributed in East Asia and North America.
Therein, about 10 species, 3 subspecies, and 2 variant species
are native to China. According to the Chinese traditional

This article is part of the Topical Collection on Natural Products: From
Chemistry to Pharmacology

P4 Zhenhua Liu
liuzhenhua623 @163.com
>< Shiming Li
shiming @rutgers.edu

>4 Wenyi Kang
kangweny @hotmail.com

National R & D Center for Edible Fungus Processing Technology,
Henan University, Kaifeng 475004, China

Functional Food Engineering Technology Research Center,
Kaifeng 475004, Henan Province, China

Joint International Research Laboratory of Food & Medicine
Resource Function, Henan University, Kaifeng 475004, Henan
Province, China

@ Springer

pharmaceutical books, 9 species and 2 subspecies have been
used as medicinal herbs in China [1], which are widely dis-
tributed in the entire country. The Patrinia species in China
include Patrinia scabiosaefolia Fisch. ex Trevir.; Patrinia
sibirica (Linn.) Juss.; Patrinia glabrifolia Yamamoto et
Sasaki; Patrinia speciosa Hand. Mazz; Patrinia intermedia
(Horn.) Roem. et Sehult; Patrinia rupestris (Pall.) Juss.;
subsp. rupestris; subsp. scabra (Bunge) H. J. Wang;
Patrinia heterophylla Bunge; subsp. heterophylla; subsp.
angustifolia (Hemsl.) H. J. Wang; Patrinia villosa (Thunb.)
Juss.; subsp. punctifolia H. J. Wang; Patrinia punctiflora Hsu
et H. J. Wang; var. punctiflora; var. robusta Hsu et H. J.
Wang; monandra C.B.Clarke; var. monandra; and var.
formosana (Kitam.) H. J. Wang.

The main chemical constituents of genus Patrinia are
triterpenoids, followed by iridoids, flavonoids, anthraqui-
nones, coumarins, lignans, organic acids, and alkaloids.
Moreover, the difference among Patrinia plants, about their
species and skeleton of terpenoids, flavonoids, and glyco-
sides, can be used as the basis of chemical taxonomy among
species [2].

In China, there is a long application story of the genus
Patrinia. P. scabiosaefolia and P. villosa are colloquially
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named “Bai Jiang Cao” recorded in the “Sheng Nong’s
Herbal Classic”, and they were ranked as “Middle grade”
herbs. According to the “Compendium of Materia Medica”,
Bai Jiang Cao is often used to treat gynecopathy. Many spe-
cies of this genus, for example, P. scabiosaefolia, P. villosa,
and P. heterophylla have been used as folk medicine with the
effects of anti-inflammation, detoxification, antibacterial, se-
dation, and antispasmodic in China [3]. Besides, the young
leaves and/or flower buds of some Patrinia species such as
P. scabiosaefolia, P. villosa, P. punctiflora, and P. glabrifolia
are also used as vegetables in some areas of China.

The important research value of genus Patrinia is its sig-
nificant clinical effect in the treatment of neurasthenia and
postpartum diseases. However, only a few species of this ge-
nus were studied, including P. scabiosaefolia, P. villosa, and
P. scabra, which were focused on the chemical components,
less published reports concerning their pharmacology, and no
comprehensive research combining the components and phar-
macology together [4]. In this paper, we comprehensively
summarized the chemical constituents (Table 1) and pharma-
cological activities of Patrinia.

Chemical Constituents
Triterpenoids

Eighty-two compounds (Compounds 1-82 in Figs. 1,2,3)
have been obtained from 5 species of Patrinia. Based on the
skeleton of sapogenin, saponins can be divided into three
types: oleanane, hederagenin, and ursane. The main glycosyls
are xylose, rhamnose, arabinose, and glucose.

Iridoids

Studies on iridoids in Patrinia were reported as early as the
1970s. Villoside and loganin (Compounds 91-92 in Fig. 4)
were isolated from P. villosa by Heihachiro Taguchi [37].
Furthermore, the C;—OH of iridoid compounds was easily
combined with sugar as glycosides; C7 and C8 are sometimes
substituted by hydroxyl groups and combined with sugar as
glycosides. In addition, C4 is often attached by carbonyl
group derivatives. Until now, there were 71 iridoids isolated
from Patrinia (Compounds 83—153 in Fig. 4) with the main
skeletons such as iridoids and secoiridoids.

Flavonoids

There were 32 flavonoid compounds (Compounds 154-186
in Fig. 5) isolated from P. rupestris, P. villosa,

P. heterophylla, P. scabra, and P. scabiosaefaolia. Their skel-
etons were mainly composed of flavonoids, flavonols,
dihydroflavonoids, and their glycosides as well as a small
amount of chalcones. The main glycosyls were rhamnose
and glucose.

Anthraquinones

Liu et al. [47] isolated compounds 187—192 from P. scabra in
2010 (Fig. 6). The main glycosyls are thamnose and glucose.

Phenylpropanoid Derivatives
Coumarins

There are few reports which have been published concerning
coumarins (Compounds 193-197 in Fig. 7).

Lignans

Lignans usually existed in the form of glycosides. Twenty-
two lignans and their glycosides (Compounds 198-219 in
Fig. 8) have been identified from the genus Patrinia. Up to
now, most lignans from Patrinia are mainly concentrated in
P. scabra, while a few in P. villosa and P. scabiosaefaolia.

Phenylpropionic Acids

To date, five coumarins (Compounds 220-224 in Fig. 9) were
isolated and identified from the roots and rhizomes of the
genus Patrinia.

Steroids

Eight steroids (Compounds 225-232 in Fig. 10) have been
isolated from the whole plants of the genus Patrinia.
Therein, compounds 225-229 were isolated from
P. scabiosaefaolia, compounds 230-231 from P. rupestris
and compound 232 from P. villosa.

Essential Oils

Based on the supercritical CO, extraction and GC-MS, Yang
et al. extracted and identified 41 chemical components from
P. scabiosaefaolia, mainly including monoterpenes, sesqui-
terpenes and the corresponding oxygen-containing deriva-
tives, and caryophyllene is the highest (25%) among them
[72]. Tian et al. identified 9 compounds from
P. scabiosaefaolia and 6 compounds from P. heterophylla
[73]. Ma et al. analyzed extracts of P. villosa by GC-MS and
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Table 1 (continued)

Ref.

Source

Number Compounds

6]
(71

P. scabiosaefaolia

226  Daucosterol

227
228
229

P. scabiosaefaolia

Campesterol-D-glucoside

— = — —

P. scabiosaefaolia

[-sitosterol

P. scabiosaefaolia

Stigmasterol

P. rupestris

(-Ergosterol

230
231

P. rupestris

6-Hydroxenone

P. villosa

73-Hydroxy-[3-sitosterol

232

identified 9 compounds [74]. He et al. studied the essential oils
from the roots and rhizomes of P. scabra by capillary GC and
GC-MS-computer system and identified 26 compounds, of
which the main compounds are (-caryophyllene and a-
humulene [75].

Other Compounds

Li et al. [26] isolated protocatechuic acid and Di [43] isolated
2,3-dihydroxypropyl-9Z,12Z-octadecadienote from
P. scabra.

PHB-P; and PHB-P, are two different polysaccharide com-
pounds in P. heterophylla, and these species also contained
ketose, uronic acids and others. The content of uronic acids is
in the range of 18-21% [76].

Biological Activities
Sedative and Analgesic Activities

Studies have shown that the essential oils distilled from
P. scabra have sedative effect and suggested that
patrinene and isopatrinene might be the representative
active sedative and hypnotic components in Patrinia
species, which can directly act on the central nervous
system to perform an analgesic effect. However, the
effects vary in different species.

The ethanol extracts of P. scabiosaefaolia have effec-
tive sedative effect on mice, with longer sedative time,
but no hypnotic effect. The essential oils of
P. scabiosaefaolia also have sedative effect, but dura-
tion is shorter [56]. All 20% tincture, tablets of 60%
ethanol extract and essential oil sealed capsules of
P. scabiosaefaolia have a certain therapeutic effect on
the treatment of neurasthenia and neurasthenia syndrome
with insomnia as the main symptom, and the latter has
a significant improvement over the former two. In ad-
dition, pharmacological studies also showed that the es-
sential oil sealed capsule had little or no toxicity [77].
Xiao et al. observed the extracts of P. scabiosaefaolia
by n-butanol, ethyl acetate, and petroleum ether had a
synergistic central nervous inhibitory effect with pento-
barbital sodium, and the sedative effect of the n-butanol
extract was the strongest [78].

The essential oils distilled from P. scabra can signif-
icantly prolong the sleeping time of mice caused by
intraperitoneal injection of pentobarbital sodium, with
no detectable cytotoxicity, which is similar to the essen-
tial oils from P. heterophylla, but the intensity of action
is weaker than that of P. scabiosaefaolia [79]. In addi-
tion, the essential oil distilled from P. scabra has the
activities of inhibiting the spontaneous activity of mice
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induced by pentobarbital sodium and activating the
P-450 [80].

The water extract of P. villosa also has obvious central
nervous inhibitory effect and the essential oils had a synergis-
tic central nervous inhibitory effect with pentobarbital sodium
[81].

Antibacterial and Antiviral Activities

Cai et al. reported that the extracts of P. scabiosaefolia
oral liquid, granules and P. villosa granules had signif-
icant antibacterial properties against Staphylococcus
aureus, while they had different degrees of inhibitory
effects on Staphylococcus albus, typhoid bacillus,
Streptococcus B, pneumococcus, Escherichia coli, dys-
entery bacillus, and Pseudomonas aeruginosa [82].
The essential oils distilled from P. scabiosaefolia have
a strong inhibitory effect on Staphylococcus aureus and
Streptococcus, but they have weak bacteriostatic effect
against Pasteurella and Salmonella, while the ethanol
extract has weak bacteriostatic effect on all the above
bacteria [83].

By improving microcirculation and cellular immune
function, some species like P. villosa can promote the
absorption of local blood stasis, treat chronic pelvic in-
flammation, and achieve the functions of antibacterial
and anti-inflammatory [84]. The aqueous extract of
P. scabiosaefolia was effective for the acute pancreatitis
induced by cholecystokinin octa peptide in rats [85].
The total saponins from P. villosa could inhibit the
swelling ears of mouse induced by xylene and the in-
crease of peritoneal capillary permeability induced by
acetic acid in mice to varying degrees, which indicated
that saponins were the effective anti-inflammatory com-
ponents of P. villosa [86].

The compound derived from Patrinia herbs has ob-
vious therapeutic effect on chronic pelvic inflammatory
disease in rats caused by mixed bacterial solution, and
its mechanism may be to restore immune function to the
normal range [87].

There are two polysaccharides, AP; and AP, isolated from
Patrinia herbs, which was proved to possess significant anti-
virus activity. AP; showed significant dose-dependent antivi-
ral effects against respiratory syncytial virus (RSV) in Hela
cell culture, and its median cytotoxic concentration (TCs),
median effective dose (ECs), and therapeutic index (T;) were
11.45 mg/mL, 0.0986 mg/mL, and 116.12, respectively [88].
AP, could significantly inhibit the proliferation of RSV
in vitro and TCsgy, ECsg, and T; were 10.89 mg/mL,
0.0801 mg/mL, and 135.95, respectively. It also has a

@ Springer

significant inhibitory effect on influenza virus in chicken em-
bryos [89]. Triterpenoid compound (Sulfa patrinosides) iso-
lated from the seeds of P. villosahas demonstrated the effect of
inhibiting HIV [90]. In addition, the methanol extracts of
P. villosa showed marked antiviral activity against influenza
virus A/Puerto Rico/8/34 (HIN1) by a viral replication inhi-
bition test [91].

Antitumor Activity

The ethanol extract of P. heterophylla could inhibit the
proliferation of PC-3 cells in a concentration- and time-
dependent manner. Moreover, further study also demon-
strated that i.p. administration of 20, 40, and 60 mg/kg
ethanol extracts exhibited a significant inhibitory effect
on the growth of transplantation tumor, with inhibition
rate of 23.9%, 48.4%, and 53.6% on S;go cells and
21.0%, 46.3%, and 57.2% on H,, cells, respectively
[92]. Xu et al. screened the antitumor parts of
P. heterophylla and found that the chloroform extract
had the strongest antitumor activity [93], and
P. heterophylla glucosides tablets had a strong inhibito-
ry effect on Ehrlich Ascites carcinoma and S;g, sarco-
ma. Later, he further found that the tablets also had a
good inhibitory effect on human colorectal cancer cells
[94]. In vitro, PHB-P; can inhibit the proliferation of
HeLa cells and reduce the activity of gelatinase and
telomerase, thereby inducing apoptosis of HeLa cells.
In addition, PHB-P; can also induce the apoptosis of
tumor cells in Ul4 tumor-bearing mice and block tumor
cells in GO/G1 phase [76]. The iridoid aglycones PS-1
and villosol of P. scabra can significantly inhibit the
growth of C,4 cell line in a dose-dependent manner,
and PS-1 can also inhibit the growth of DU-145 and
PC-3 cells [95, 96]. By comparing the difference among
P. scabra extracts on growth-inhibiting effects of tumor
cell in vitro, Chen et al. found that the total lignans and
total saponins of P. scabra inhibited the tumor cells
SPCA-1, HepG2 and K562 in vitro, among which the
P. scabra lignanoid inhibited the growth of K562 cells
most significantly through promoting the apoptosis of
K562 cells. The P. scabra lignanoid has obvious inhib-
itory effect on the growth of human chronic myeloid
leukemia cells [97, 98]. Some other studies found that
the iridoid aglycones of P. scabra can significantly im-
prove the thymus index and spleen index of mice, pro-
mote the proliferation of spleen lymphocytes induced by
Con-A, improve the level of serum hemolysin in mice,
increase the activity of NK cells, and enhance the
phagocytic activity of peritoneal macrophages. It was
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Fig. 2 Oleanane-type triterpenoids isolated from genus Patrinia

found that iridoid aglycones could significantly improve
the immune function of mice, which might be the po-
tential mechanisms of P. scabra in inhibiting tumor
growth [99].

The water extract of P. villosa inhibited the growth
and proliferation of Ul4 cervical cancer cells, reduced

31

the serum MDA level of Ul4 tumor-bearing mice, and
increased the activity of T-AOC and SOD [100]. The
saponin extracted from P. villosa (SPVJ) (50 mg/kg and
100 mg/kg) effectively reduced the weight of Ul4 cer-
vical tumor (35.1% and 57.1%, respectively). Compared
with the control group, SPVJ (100 mg/kg) significantly

@ Springer
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68

70

Fig. 2 continued.

increased the number of tumor cells and cells in apo-
ptosis in the GO/G1 phase, decreased the number of
cells in S phase and G2/M, inhibited the proliferating
cell nuclear antigen (PCNA) of the tumor cell and
downregulated the expression of mutant p53 and Bcl-2
protein [89].

The extracts from the roots of P. scabiosaefolia had
an inhibitory effect on S;go [101]. It was observed by
MTT assay that the saponins from P. scabiosaefolia
could prolong the survival of mice with Ehrlich ascites
carcinoma, which showed the antitumor effect in vivo
of the saponins from P. scabiosaefolia. But the effect
intensity is relatively weak [102]. The ethanol extract of
P. scabiosaefolia (EEPS) could inhibit colorectal cancer
(CRC) growth both in vivo and in vitro, without appar-
ent adverse side effects. Besides, EEPS could inhibit the

O
HO

72
Fig. 3 Ursane-type triterpenoids isolated from genus Patrinia

@ Springer
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expression of anti-apoptotic Bcl-2, enhance pro-
apoptotic Bax expression and induce the loss of mito-
chondrial membrane potential and activation of
caspases-9 and -3 in HT-29 cells [103]. Liu et al. also
found EEPS could inhibit the phosphorylation of
STAT3 in U266 cells and the expression of cyclin D1
and Bcl-2 [104]. In addition, EEPS treatment not only
significantly blocked G1 to S phase cell cycle progres-
sion, but also decreased the expression of pro-
proliferative CyclinD1 and CDK4, at both the mRNA
and protein levels [105¢].

Hepatoprotective Activity

Patrinia herbs promoted the regeneration of liver cells and
inhibits cell degeneration [106]. For example, the extract from

73
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Fig. 3 continued.

P. villosa inhibited liver lipid peroxidation in rats in vitro with
a dose—eftect relationship [107], and the fruit branch extract of
P. villosa possessed marked hepatoprotective activity [106].
The oleanolic acid from Patrinia plants is a common compo-
nent of anti-hepatitis activity, which has a significant protec-
tive effect on liver injury and reduction of serum alanine ami-
no transferase and triglyceride accumulation in the liver [108].

Effect on the Immune System

The anti-tumor mechanism of the genus Patrinia is not only
related to the direct cytotoxic effect, but also to the regulation
of the immune system. Bai Jiang Cao has an anti-endotoxin
effect, through a direct destruction of endotoxin, rather than a
temporary inhibition of endotoxin activity. Many evidence

@ Springer
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Fig. 4 continued.

showed that Bai Jiang Cao could markedly inhibit the secre-
tory granulocyte of Kupffer’s cells induced by lipopolysac-
charide (LPS), i.e., the colony-stimulating factor of the mac-
rophage (CM-CSF) increased the content of prostaglandin E,
secreted by Kupffer’s cells [109, 110]. The ethanol extract of
P. scabra could increase the phagocytosis activity and

142

cytotoxic effect of macrophages as well as the percentage of
lymphocyte ANAE positive lymphocytes and EA rosette for-
mation in mice, and inhibit the growth of S5, in mice, which
might be related to the enhancement of nonspecific immune
function [111]. Wang et al. demonstrated that the water ex-
tracts from P. scabra could prolong the life expectancy of
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Fig. 4 continued.

mice, improve erythrocyte immunologic function and increase
the CD35 and CD44s contents of the red blood cell [112].
Wang et al. reported that the P. scabra extracts separated by
macroporous adsorptive resins at dosages ranging from 0.5 to
2.0 g/kg improved the spleen and thymus indexes of S;gqg
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Fig. 5 Flavonoids isolated from genus Patrinia
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tumor-bearing mice, strengthened the transformation func-
tions of spleen T and B lymphocytes and prompted the killing
abilities of NK and LAK cells. Moreover, the antibodies pro-
ducing ability of the B cells in vivo were strengthened, and the
amount ratio of CD4" cells to CD8* cells was increased [113].
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Effect on the Blood System Zhang et al. conducted subacute experiments in dogs

with P. scabra. Results showed that P. scabra could
Sun et al. reported that P. heterophylla demonstrated a signif-  increase the number of white blood cells, temporarily
icant inhibitory effect on acute leukemia cells [114]. The rea-  decrease the number of platelets, and produce granular
son might be related to the hederagenin from P. heterophylla,  lesions in liver cells [116]. Another research found that
which could inhibit the proliferation of HL-60 cells at low  the ethanol extract of P. scabra (i.p.) showed the hemo-
concentrations (10 ~40 umol/L) and cause cell death at high  stasis effect in blood vessels of rabbits, which might be
concentrations (40 ~50 umol/L). The main mechanism to  related to the significant promotion on the aggregation
achieve the above effects was the G; phase inhibition and  of circulating platelets [117].
apoptosis induction of HL-60 cells caused by hederagenin The extracts of P. heterophylla at the doses of 750 mg/kg
[115]. and 375 mg/kg could reduce the blood viscosity of Ul4
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Fig. 6 Anthraquinones isolated from genus Patrinia

cervical cancer mouse in different shear rates and improve the ~ hematopoietic progenitor cells. When the dose is high, it will
indexes of hemorheology [118]. Using cell culture technolo-  demonstrate the effect of killing tumor cells, whereas it will
gy, it was found that the water extract of P. heterophyllahasa  induce the formation of stromal cells and promote hematopoi-
“two-way”’ regulatory effect, which means it was not only a esis by secreting the hematopoietic-stimulating factor at a low
strong anticancer drug, but also an accelerator of  dose[119].
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Fig. 7 Coumarins isolated from genus Patrinia
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Effect on Gastrointestinal Tract Function

It was proved that Bai Jiang Cao could eliminate local inflam-
mation, improve microcirculation of lesions, and effectively

Fig. 9 Phenylpropionic acids
isolated from genus Patrinia
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treat chronic ulcerative colitis [120]. Besides, the animal test
about the tannin extract of P. villosain vitro showed strong
effect (P <0.05) on small intestinal peristalsis of mice and
significantly reduced the times of defecation, indicating that
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Fig. 10 Sterols isolated from genus Patrinia

the tannin extract would have a two-way therapeutic effect on
constipation and diarrhea [121].

Other Activities

Bai Jiang Cao also can be used to treat gonorrhea and infantile
diarrhea [2], while its extracts have significant antioxidant
activity in vivo, and decrease malondialdehyde (MDA) con-
tent in serum and tissues [122]. P. scabiosaefolia possesses
the effect of inhibiting the DNA polymerase of hepatitis B
virus. P. villosa has a significant anti-hypoxia effect [123]. It
is also used to treat fallopian tube obstruction and semen in
liquefaction as well as poisonous snakebite [124, 125]. In
addition, its methanol extracts have inhibitory activity against
substance P (SP)-induced itching [126].

Future Perspectives and Conclusion

Patrinia plants have a long history of medicinal application
in China. According to the Chinese Pharmacopeia of 1977,
the whole herb including the roots of P. scabiosaefolia and
P. villosa were authentic Bai Jiang Cao with high

@ Springer
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development and utilization value. As a traditional
Chinese medicine, this genus has the advantages of abun-
dant bioactive ingredients, wide application, rich re-
sources, and others. It has long been used in China for
the treatment of neurasthenia, postpartum disease, lung
carbuncle, dysentery, and leucorrhea. Based on the studies
both in vitro and in vivo, the genus Patrinia demonstrated
wide pharmacological activities, including sedative, anti-
bacterial, antivirus, and antitumor activities and protection
efficacies of the liver and gallbladder, among others.

The plant resources of genus Patrinia in China are very
rich, and there are a large number of prescriptions in tradition-
al Chinese medicine practice, mainly depending on Patrinia
plants, such as Baijiang San, Hongteng Baijiang Zaoci Tang,
etc. However, the pharmacological effects of the compounds
isolated from Patrinia are less studied, and the mechanisms
are also not clearly elucidated. In addition, the phytochemical
and pharmacological research have not been coherently com-
bined together and comprehensively analyzed. Therefore, in
the future research of Patrinia, we should further systemati-
cally explore the mechanisms and bioactive ingredient basis of
Patrinia, which is of great significance for its in-depth re-
search and rational development of Patrinia.
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