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Abstract

Prenylated flavonoids are one of the main active ingredients of Sophora species which have significant biological prop-
erties. Kuraridin, is a naturally occurring flavonoid in the roots of Sophora flavescens and possesses glycosidase inhibi-
tion, antibacterial, diacylglycerol acyltransferase, and tyrosinase inhibition activities. The present study summarized the
scientific progress on the medical importance and pharmacological activity of kuraridin. Present review investigated
the scientific research evidence of kuraridin available on various scientific databases such as PubMed, Springer, Google,
Google Scholar, and Science Direct using the terms kuraridin, herbal medicine, Sophora flavescens and phytochemical.
Present review described the medicinal importance and pharmacological activities of kuraridin in medicine. Analysis of
scientific data signified the therapeutic potential of kuraridin against reovirus, gastric adenocarcinoma, tyrosine phos-
phatase 1B, antioxidant, BACE1 and cholinesterases, diacylglycerol acyltransferase, aldose reductase, inflammatory
response, microorganism, enzymes and BKCa channel. Further present review also described the metabolomics and
pharmacokinetic properties of kuraridin. Present review highlighted the biological potential of kuraridin in medicine.
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edicinal plants and plant-derived by-products have

been used as a source of food and medicines to treat
human diseases for centuries, from ancient times to the
present, in both developed and developing countries. Me-
dicinal plants have many potential pharmacological and
biological actions in medicine.' In Asian countries, tra-
ditional herbal medicine is used to treat human disorders
and associated complications, and is still the most popular
form of complementary and alternative medicine. Herbal
medicine consists of various types of herbs and their de-
rived by-products.®® In addition, herbal medicines have

also attracted attention in modern medicine.Plant second-
ary metabolites play important roles in plant growth and
development.'% The chemical diversity of phytochemicals
has encouraged scientists to develop new types of medi-
cines for human diseases in the modern medical era. The
development of different colors, flavors, and order in plants
is also believed to be due to the presence of these phyto-
chemicals.""'¥ Plant-derived products have been utilized
in the medicine, nutraceuticals, perfumery, beverages and
cosmetics industries for different purpose.™ Alkaloids, fla-
vonoids, tannins, terpenoids and phenolic components are
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the most important class of active phytochemicals derived
from plants.'®'” Plants and the herbal products derived
from them have always been excellent sources of natural
antioxidants and have been used to treat various forms of
cancer, inflammation, autoimmune diseases and diabetes.
8 The phenolic and flavonoid components are beneficial
in cancer, cardiovascular and neurodegenerative diseases.
09 Furthermore, a large number of medicines are derived
from natural products, the best examples of which are vin-
blastine, morphine, vincristine, papaverine and ephedrine.
20 Flavonoids are natural phenolic compounds contain-
ing diphenylpropane (C6-C3-C6) skeleton which exist in
vegetables, fruits, wine, and medicated plants. Flavonoids
can be classified into different sub class based on their
skeleton, including anthocyanidins, flavones, flavanones,
flavanols, flavonols, and isoflavones.?'?2 Flavonoids have
anti-inflammatory, anti-malarial, anti-microbial, anti-bac-
terial, anti-oxidant, antiallergic, antiplasmodial, anti-cancer,
anti-fungal, and neuroprotective activities.”*?* The genus
Sophora (Fabaceae) has been used in traditional medicine
for years. Numerous class of prenylated flavonoids have
been isolated from Sophora spp., including kuraridin (Fig.
1).2%1 Prenylated flavonoids kuraridin has been isolated and
characterized from the ethyl acetate fraction of the metha-
nolic extract of Albizzia julibrissin.?® The fingerprints of the
flavonoids of Kushen Tang were established by HPLC under
two detective wavelengths 280 nm and 365 nm in order to
study its correlation to Scutellaria baicalensis and Sophora
flavescens. Among them, eleven peaks, including peak for
kuraridin were found to be present.?”

An Overview of Kuraridin

Isoprenoid chalcones are the major flavonoids of Sophora
flavescens. Kuraridin isolated from Sophora flavescens signif-
icantly reduced lipopolysaccharide (LPS)-induced reactive
oxygen species (ROS) production, and suppressed the ex-
pression of inflammatory cytokines, tumor necrosis factor
(TNF)-q, interleukin (IL)-1b, and Inducible nitric oxide syn-

Figure 1. Chemical structure of kuraridin.

thase (iNOS) in LPS-stimulated RAW264.7 macrophages.
Kuraridin inhibited TNFa-induced Nuclear factor-«B (NF-kB)
transcriptional activity in HepG2 cells. Kuraridine exhibit
glucosidase inhibition against 3-glucosidase. Kuraridin also
demonstrated noncompetitive inhibitions against protein
tyrosine phosphatase 1B (PTP1B). Kuraridin are the pre-
dominant and abundant flavonoids in Sophora flavescens,
and they are often selected as marker compounds in most
quantitative studies.”® The major components of the So-
phora flavescens is kuraridin.'?? Kuraridin isolated from the
roots of Sophora flavescens was found to inhibit eicosanoid
producing enzymes such as cyclooxygenase-1 (COX-1),
cyclooxygenase-2 (COX-2), 5-lipoxygenase (5-LOX) and
12-LOX.B? Biological potential of kuraridin isolated from
Sophora flavescens for their inhibitory potential on human
type 1e3 reoviruses (HRV1e3) and Korean porcine reovirus
(PRV) have been investigated in the scientific fields.?" The
cell-growth inhibitory effects of the mixture of kuraridin
and nor-kurarinone has been investigated and examined
their cytotoxic activity and mechanism using SGC-7901
cells.?? Scientific study has revealed that prenylated flavo-
noids from Sophora flavescens exhibit a variety of bioactivi-
ties. Kuraridin displays a variety of biological activities, such
as antitumor activity, PLCy1 inhibitory activity, glycosidase
inhibitory activity, SGLT inhibitory activity, tyrosinase inhib-
itory activity, antibacterial actions and anti-reovirus activ-
ity.33 Kuraridin isolated from dichloromethane fraction of
the ethanolic extract of Sophora flavescens showed tyrosi-
nase inhibitory potential.®¥ Bioactivity-guided fraction of
an extract of Sophora flavescens led to the isolation of two
new compounds, and 18 known flavonoids, including ku-
raridin.®%!

Pharmacological Activity of Kuraridin

Anti-Reovirus

Biological potential of kuraridin isolated from the roots
of Sophora flavescens has been investigated for their anti-
reovirus activity. No significant antiviral activity of kura-
ridin was detected in the pre-treatment assay. Further, of
kuraridin were found to be 15.3-176.9 uM against human
type 1-3 reoviruses (HRV1-3) and Korean porcine reovirus
(PRV). Kuraridin completely blocked binding of viral sigma
1 protein to sialic acids at concentrations lower than 82.5
MM in the hemagglutination inhibition assay. Moreover, ku-
raridin inhibited HRV1-3 and PRV viral replication with EC, |
values of 14.0-62.0 uM. The viral yields of kuraridin treated
cells were significantly reduced at 24 h post-infection, com-
pared with dimethyl sulfoxide (DMSO)-treated cells. Kurari-
din inhibited virus adsorption and replication by inhibiting
hemagglutination, viral ribonucleic acid (RNA) and protein
synthesis and virus shedding.B"



Gastric Adenocarcinoma

Molecular mechanisms of the mixture of compounds ku-
raridin and nor-kurarinone-induced growth inhibition in-
cluding apoptosis and G2/M phase arrest in human gastric
adenocarcinoma SGC-7901 cells have been investigated.
Triggering of the mitochondrial apoptotic pathway was
demonstrated by loss of mitochondrial membrane poten-
tial, reduction in the Bcl-2/Bax ratio, and significant activa-
tion and cleavage of caspase-3. Cytotoxic potential of the
mixture of kuraridin and nor-kurarinone is mainly due to
induction of cell cycle arrest and apoptosis.?

Tyrosine Phosphatase 1B

Five lavandulyl flavonoids, including kuraridin were isolated
from the roots of Sophora flavescens, as novel PTP1B inhibitors.
Kuraridin (IC, ) <30uM) demonstrated to be noncompetitive
inhibitors of protein tyrosine phosphatase 1B and exhibited
different inhibitory selectivities against four homologous pro-
tein tyrosine phosphatases (T cell protein tyrosine phospha-
tase, vaccinia H1-related phosphatase, and Src homology
domain 2-containing protein tyrosine phosphatases 1 and 2).
Kuraridin also exhibited cellular activity in the insulin signal-
ing pathway by increasing the insulin-stimulated Akt phos-
phorylation level in human hepatocellular liver carcinoma
HepG2 cells.*® Sophora flavescens was evaluated for tyrosinase
inhibitory activity and its active principles were identified fol-
lowing activity-guided isolation. From the dichloromethane
fraction, kuraridin was isolated. Compared with kojic acid, ku-
raridin possessed more potent tyrosinase inhibitory activity.
The IC; values was found to be 0.6 microM for kuraridin re-
spectively.?” Prenylated flavonoids containing the resorcinol
moiety were isolated as tyrosinase inhibitors from the roots of
Sophora flavescens by activity-guided fractionation. Among
the 12 compounds isolated, kuraridin showed stronger inhibi-
tory potencies (IC,; = 1.1, microM, respectively) than that of
kojic acid (IC,, = 11.3 microM).>®

Antioxidant

The antioxidant effects of the prenylated flavonoids from
Sophora flavescens have been evaluated via in vitro 1,1-di-
phenyl-2-picrylhydrazyl (DPPH), 2,2'-azino-bis-3-ethylben-
zothiazoline-6-sulfonic acid (ABTS), peroxynitrite (ONOO
(-)), and total reactive oxygen species (ROS) assays. Kurari-
din solated from Sophora flavescens was found to be a good
DPPH scavengers.?¥ Activity-guided fractionation of the
CH_CL-soluble fraction of the roots of Sophora flavescens
furnished five DPPH free radical scavengers. Other com-
pounds exhibited significant DPPH free radical scavenging
effects but not the kuraridin

BACE1 and Cholinesterases

Biological potential of lavandulylated flavanones from
Sophora flavescens on beta-site APP cleaving enzyme 1
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(BACET) have been investigated. Beta-site APP cleaving en-
zyme 1 (BACE1) activities were significantly inhibited by ku-
raridin (IC,; 6.03 microM). Further, the prenyl group, rather
than the lavandulyl group, and the flavonols and chalcones,
rather than flavanones, might make predominant contribu-
tions to BACE1 inhibition. Therefore, Sophora flavescens and
its prenylated flavonoids could be preventive and thera-
peutic candidates for Alzheimer's disease.*

Diacylglycerol Acyltransferase

Biological potential of four prenylflavonoids, including ku-
raridin isolated from the roots of Sophora flavescens were
investigated for their inhibitory effects on diacylglycerol ac-
yltransferase (DGAT). The flavonoids inhibited DGAT activity
in a dose-dependent manner with IC, values of 9.8 microM.
The prenylflavonoids without C3-OH, including kuraridin
showed stronger inhibition than those with C3-OH."4

Aldose Reductase

Biological potential of prenylated flavonoids isolated from
Sophora flavescens, for their inhibitory activities on rat lens
aldose reductase (AR) (RLAR), human recombinant AR
(HRAR) and AGE formation have been investigated. Kura-
ridin showed significant inhibitory activities with IC_  0.27
microM compared to the epalrestat. Thus, Sophora flaves-
cens and its prenylated flavonoids posses potential for dia-
betic complications and related diseases.™*’!

Inflammatory Response

Biological effects of kuraridin on COX-2 induction from RAW
264.7 cells and in vivo inflammatory response were studied.
Prenylated flavonoids, including kuraridin down-regulated
COX-2 induction at 10-25 uM.®4 Kuraridin inhibited induc-
ible nitric oxide synthase (iNOS)-dependent nitric oxide
(NO) production and ROS generation, and suppressed re-
markably the expression of inflammatory cytokines, (TNF)-
alpha, (IL)-1beta, and iNOS in LPS-stimulated RAW264.7
macrophages. Moreover kuraridin attenuated NF-kappaB
activation by inhibition of IkappaBalpha proteolysis and
p65 nuclear translocation, as well as phosphorylation of
extracellular signal-regulated kinase (ERK)1/2, c-Jun N-ter-
minal kinase (JNK), and p38 MAP kinases.*"

Microorganism

Antimicrobial activity of the 18 prenylated flavonoids puri-
fied from five different medicinal plants was evaluated by
determination of MIC using the broth microdilution meth-
ods against four bacterial and two fungal microorganisms
(Candida albicans, Saccaromyces cerevisiae, Escherichia coli,
Salmonella typhimurium, Staphylococcus epidermis and
Staphylococcus aureus). Kuraridin exhibited a good antifun-
gal activity with strong antibacterial activity.*® Antibacte-
rial activities of different phytochemicals of Sophora flave-
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scens have been investigated. Kuraridin was isolated from
the best anti-methicillin-resistant Staphylococcus aureus
(MRSA) fraction. Kuraridin exhibited significant anti-MRSA
effects, compared to baicalein. Further, kuraridin showed
no toxicity on human peripheral blood mononuclear cells
(PBMC) at the concentration up to 64 ug/ml.*”

Enzymes

Biological effects of 19 naturally occurring prenylated flavo-
noids, isolated from medicinal plants, on COX-1 and COX-
2 and on 5-LOX and 12-LOX were investigated using [14C]
arachidonic acid as a substrate. Kuraridin inhibited COX-1
activity. Kuraridin is having a C-8 lavandulyl moiety and
showed potent activity IC,; = 0.1 to 1 microM compared
to that of indomethacin IC,, = 0.7 microM."® The metha-
nol extract of Sophora flavescens showed a potent glycosi-
dase inhibitory activity. Biological potential of active com-
ponents of of Sophora flavescens were identified for their
alpha-glucosidase inhibitory potential. All flavonoids were
effective inhibitors of alpha-glucosidase and beta-amylase.
Kuraridine exhibited IC,  value of 57 microM against beta-
glucosidase. Further, the inhibition pattern was noncom-
petitive for alpha-glucosidase, whereas mixed inhibition
was observed for beta-amylase.

BKCa Channel

Biological potential of flavonoid components isolated from
Sophora flavescens have been evaluated for its effective-
ness on BKCa channel. Among the 13 compounds tested,
six flavonoids were found to activate the Ca?*-activated K*
(BKCa) channel and kuraridin is a new activators of the BKCa
channel .5

Metabolomics

A novel integrated strategy combining metabolomics and
network pharmacology was developed to explore the
quality markers from Sophora flavescens. The targeted me-
tabolomic profiles of seventy-four batches of Sophora fla-
vescens (aged from 1 to 6 years) has been determined by
ultra-high-performance liquid chromatography coupled
with high-field quadrupole-orbitrap mass spectrometry
(UHPLC-QE-MS). The anti-tumor activity of six flavonoids,
including kuraridin as the quality markers for Sophora fla-
vescens were determined and also evaluated their pharma-
cokinetic profiles.®" Pharmacodynamic effects of the ethyl
acetate extract of Sophora flavescens against dextran so-
dium sulfate-induced ulcerative colitis (UC) rats have been
investigated. A total of 28 prototypes and 41 metabolites
were unambiguously or tentatively detected in rat's plasma
and urine, and mong them, kuraridin was suggested to be
potential active compounds in Sophora flavescens for treat-
ing UC by comprehensively investigating the results of net-
work pharmacology analysis, metabolic analysis in vivo, and
previous researches.?

Pharmacokinetics

An ultra-performance liquid chromatography/tandem
mass spectrometry (UHPLC-MS/MS) method has been de-
veloped for the quantification and characterization metab-
olites in rat plasma after oral administration of kuraridin. A
liquid-liquid extraction method with ethyl acetate-acetoni-
trile (1:3) was used to extract the kuraridin from rat plasma
samples. The chromatographic separation was carried out
on a Hypersil GOLD UHPLC C18 column equipped with a
C18 guard cartridge using a gradient elution with organic
solvent-water as mobile phase. Under the optimized condi-
tions, the method showed good linearity (r* > 0.99) over the
ranges of 1-500 ng/mL for kuraridin. The developed UHPLC-
MS/MS method was successfully applied in the quantitative
analysis of kuraridin in rat plasma.k*

Conclusion

Present review described the biological potential and phar-
macological activities of kuraridin through scientific data
analysis of different research work of kuraridin. For the pres-
ent review, we have collected all the scientific information
of kuraridin from PubMed, Springer, Google, Google Scholar
and Science Direct and analyzed here in order to know their
therapeutic potential in medicine. Present review summa-
rized the pharmacological activities of kuraridin and provid-
ed a reference for future studies focused on biological appli-
cations of kuraridin in medicine. Present review revealed the
therapeutic importance of kuraridin in medicine. Analysis of
collected scientific data signified the biological potential of
kuraridin against reovirus, gastric adenocarcinoma, tyrosine
phosphatase 1B, antioxidant, BACE1 and cholinesterases, di-
acylglycerol acyltransferase, aldose reductase, inflammatory
response, microorganism, enzymes and BKCa channel. Fur-
ther present review also described their metabolomics and
pharmacokinetic properties (Fig. 2). Present review will be
beneficial for all the scientific researchers to know the health

Figure 2. Biological potential of kuraridin.



beneficial aspects of kuraridin in medicine. Scientific data
analysis revealed the presence of kuraridin in Sophora flaves-
cens. Moreover, scientific research needs to be conducted to
get more scientific information about the presence of kura-
ridin in other natural sources. Kuraridin have many biologi-
cal activities in medicine, but their therapeutic effectiveness
against other related secondary complications in humans is
also investigated in the scientific field in order to know their
therapeutic effects in modern medicine. There is also a need
to explore and develop new and advanced analytical meth-
ods for the isolation and quantification of kuraridin in differ-
ent biological and non-biological samples.
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