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In the present review article, the phytochemical, antioxidant and pharmacological studies are congre-
gated and summarized concerning the current knowledge of the phenolic compounds of a traditional
medical plant Acacia confusa in Taiwan. This plant is native to Taiwan and South-East Asia. It possesses
major pharmacological activities, including antioxidant and radical scavenging activity, hepatoprotective
effect, xanthine oxidase inhibition, semicarbazide-sensitive amine oxidase inhibition, angiotensin I
converting enzyme inhibition, antihyperuricemic effect and anti-inflammatory activity. Phenolic com-
pounds, especially flavonoids, flavonol glycoside and phenolic acid derivatives, are the main phyto-
chemical compounds isolated from different plant parts of A. confusa. Recent interest in this species has
focused on pharmacological investigations of the phytochemicals which exhibit potent antioxidant ac-
tivity based on the multiple phenolic functionalities. The consequence of this review will further extend
the potential applications of this plant and offer persuasive support to its future use in the fields of
clinical medicine and health functional food.

© 2018 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Acacia confusa Merr. (Leguminosae) is an endemic species of
Taiwan and is one of the most widespread plants. A. confusa is a
very adaptable and fast-growing plant suited to living in extreme
conditions.! It can be found along the coast and river, slightly in
from the high tide mark; up to the temperate forests of the higher
mountains, but well below the freeze line. However, it usually tends
to be more common below 1000 m elevation and temperatures in
the range of 20—30 °C. In the wild, it can grow in the soils with poor
nutritional value, such as hard clay, silt, dirt and rocky plain and
hills. In southern Taiwan, where the winter months can be totally
without rain and the summer months can have very heavy rain and
typhoons, this plant is able to withstand and grow quite comfort-
ably in a range of climates.” A. confusa, unlike many plant species of
the Leguminosae family, forms a symbiotic association with

* Corresponding author. School of Forest and Resource Conservation, National
Taiwan University, Taipei, 10617, Taiwan, ROC.
E-mail addresses: killer-gundam@yahoo.com.tw (H.-Y. Lin), d00625001@ntu.
edu.tw (T.-C. Chang), peter@ntu.edu.tw (S.-T. Chang).
Peer review under responsibility of The Center for Food and Biomolecules,
National Taiwan University.

https://doi.org/10.1016/j.jtcme.2018.05.002

rhizobia in which its root plays host to them. Many of the associ-
ations fix nitrogen from the atmosphere and eventually make it
available to the plant and fertile to the surrounding soil.>

A. confusa is an evergreen plant (Fig. 1A). The stems and roots are
incredibly hard and extremely strong. The sapwood is pale yellow
and the heartwood is chocolate brown from the tannins. The barks
are rough without ridge and spines. The leaves only appear on
seedlings and young plants, and the phyllodes grow on mature
plants (Fig. 1B). The phyllodes are dull green, 8—10 cm long and
10—15mm wide, alternate, narrowly curved-shaped, slightly
thickened, hairless, with 3—5 slim parallel veins from the base. The
flower clusters of bright yellow balls roughly in 6—20 mm diameter
emerge from the twigs (Fig. 1B). In Taiwan, flowering season is
usually the coming summer, but, sometimes, it may occur year
round. The fruits (pods) are narrow and flat, 5—10cm long,
8—10 mm wide, dark brown, and split open. The seeds are beanlike,
around 5mm long, 4—8 pre pod, elliptical, dark brown, slightly
flattened and shiny.”

In Taiwan, A. confusa was used as a traditional medicine. The
aqueous extract of A. confusa leaves was applied to cure wounds
and antiblood stasis.! The commercial and industrial uses of
A. confusa were fire wood, charcoal-making, railroad tie, mining
construction and mushroom cultivation.* For water and soil
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Fig. 1. Plants (A), flowers and phyllodes (B) of Acacia confusa.

conservation, this plant is planted in the wilderness for a long time
because its root system is extremely strong and can grow exten-
sively and deeply into the ground. Recently, this plant has shown
great potential for air pollution prevention because of its remark-
able carbon dioxide sequestration ability and foliar dust retention.’
The bark and wood of A. confusa, like many other Acacia species, are
rich in tannins which are used to dye and stain clothes and tan
leather. Due to the high content of tannins and phenolic com-
pounds, many studies have focused on the phytochemistry of
A. confusa extract in recent years.® The aim of this contribution is to
review the current literatures on the bioactivities and active com-
pounds of A. confusa.

2. Phytochemistry

Secondary metabolite researches have been carried out on
A. confusa and have led to the isolation of phenolic acid derivatives
and flavonoids from its different plant parts. There have been 55
compounds, including 13 phenolic acid derivatives, 3 caffeic acid
derivatives, 21 flavonoids, 13 flavonol glycosides, 1 lignan and 4
alkaloids, isolated from the extracts of different plant parts of
A. confusa. The heartwood extract and the root extract contain
flavonoids and phenolic acid derivatives. The bark extract is almost
phenolic acid derivatives and caffeic acid derivatives. The extracts
of the leaves, branches, twigs, flowers and buds contain flavonol
glycosides, some flavonoids and phenolic acid derivatives. The fla-
vonoids in the heartwood and the root extract contain 7,8-
dihydroxyflavonoids rather than the usual 5,7-
dihydroxyflavonoids in other parts. The following section
collected the chemical names of the isolated compounds, and their
chemical structures are shown in Fig. 2.

2.1. Constituents in the wood

Ethanol (70%) was used to extract the heartwood. For phenolic
acid derivatives, like 3,4-dihydroxybenzoic acid (3), 3,4-
dihydroxybenzoic acid methyl ester (4), 3,4-dihydroxybenzoic
acid ethyl ester (5) and 3-hydroxy-4-methoxybenzoic acid (7)
were isolated.”®

Thirteen flavonoids, including 3 flavanols, 1 flavanone, 1 flava-
nonol, 2 flavones, 5 flavonols and 1 chalcone, were isolated.”™
Three flavanols are melacacidin (18), 4-O-methylmelacacidin (20)

and 4’-0-methylmelacacidin (21). One flavanone is 7,8,3',4'-tetra-
hydroxyflavanone (22). One flavanonol is trans-3,7,8,3',4'-penta-
hydroxyflavanone (24). Two flavones are 7,3',4'-trihydroxyflavone
(25) and 7,8,3',4'-tetrahydroxyflavone (26). Five flavonols are
7,3’ 4’ -trihydroxy-3-0O-methylflavonol (27), melanoxetin (28),
transilitin (29), 4’-O-methylmelanoxetin (30) and 4’-O-methyl-
transilitin (31). One chalcone is okanin (32).

2.2. Constituents of the root

Fourteen compounds, including 1 phenolic acid, 11 flavonoids
and 2 alkaloids were isolated from 95% ethanolic root extract. These
compounds are 3,4-dihydroxybenzoic acid (3), melacacidin (18),
isomelacacidin (19), 4-O-methylmelacacidin (20), 4’-O-methyl-
melacacidin (21), cis-3,7,8,3',4’-pentahydroxyflavanone (23), trans-
3,7,8,3' ,4'-pentahydroxyflavanone (24), melanoxetin (28), transili-
tin (29), okanin (32), (+)-catechin (33), (-)-epicatechin (34), N-
methyltryptamine (52) and N,N-dimethyltryptamine (53).'>!" Fla-
vonoids are the main constituents of the heartwood and the root,
however, the constituents of the root contain alkaloids not found in
heartwood.

2.3. Constituents of the bark

Phenolic acid derivatives are the most abundant constituents in
the 70% ethanolic bark extract. Fifteen phenolic acid derivatives,
including 4-hydroxybenzoic acid (1), 4-hydroxybenzoic acid ethyl
ester (2), 3,4-dihydroxybenzoic acid (3), 3,4-dihydroxybenzoic acid
methyl ester (4), 3,4-dihydroxybenzoic acid ethyl ester (5), 3,4-
dihydroxybenzoic acid butyl ester (6), 3-hydroxy-4-
methoxybenzoic acid (7), 4-hydroxy-3-methoxybenzoic acid (8),
4-hydroxy-3,5-dimethoxybenzoic acid (9), 4-hydroxy-3,5-
dimethoxybenzoic acid ethyl ester (10), gallic acid (11), gallic acid
ethyl ester (13), 3,4-dihydroxy-trans-cinnamic acid (14), 3,4-
dihydroxy-trans-cinnamic acid ethyl ester (15), 3,4-dihydroxy-
trans-cinnamic acid pentyl ester (16) and one lignan, (-)-lyonir-
esinol (17), were isolated.'>"®

The bark of A. confusa is a good source of condensed tannins
(proanthocyanidins). The stem bark extract and the root bark
extract comprised 247.76 + 10.93 and 280.70 + 11.75mg/g of
extractable condensed tannins. According to the results of MALDI-
TOF MS, the degree of polymerization (DP) for both extracts can
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Fig. 2. Compounds isolated from Acacia confusa.
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reach 12 and 11, respectively, and the structures of the identified
condensed tannins show almost B-type bonding.’

2.4. Constituents of the branches and twigs

The branches and the twigs were extracted respectively in 95%
ethanol. (+)-Catechin (33), (-)-epicatechin (34), catechin-3-0-a-
rhamnopyranoside (35) and quercitrin (quercetin-3-0-¢-rhamno-
pyranoside) (38) were isolated from the branches extract and
luteolin (36), isomyricetin (myricetin-3-0-3-glucopyranoside) (41),
myricitrin (myricetin-3-0-a-rhamnopyranoside) (45) and myr-
icetin-3-0-(2"-0-galloyl)-a-rhamnopyranoside (47) were isolated
from the twigs.'# Chemical composition analysis revealed the total
flavonoids content (TFC) is in the order of twigs (7.7 + 0.3 mg of
quercetin equivalent (QE)/g), branches (2.1 + 0.0 mg of QE/g) and
branch bark (0.9 +0.0 mg of QE/g). On the contrary, the total
proanthocyanidins content (TPAC) is in the order of the branch bark
(128.4+76mg of catechin equivalent (CE)/g), branches
(304+04mg of CE/g) and twigs (non-detected). Hence, the
chemical composition analysis is inconsistent with the compounds
isolated from the branch and twig extracts. According to the fla-
vonoids synthesis mechanisms, flavones and flavonols are the up-
stream products and flavanols are the down-stream products.'
Since flavanols are the monomers of condensed tannins, it is
postulated when the twigs gradually grow into branches, the
condensed tannin content is also augmented. Condensed tannins
have been closely associated with plant defense mechanisms

against mammalian herbivores, birds, insects and fungi.
Therefore, variations of flavonoids in different plant parts of
A. confusa may be involved in plant protective effects, which agrees
with previous reports.'%?°

According to recent studies, the constituents of the branches
and twigs are 5,7-dihydroxyl flavonoids which have the same fla-
vonoids synthesis mechanism as reported in the literature.”> When
the stem keeps growing and the heartwood part is formed, 5,7-
dihydroxyl flavonoids are transformed to 7,8-dihydroxyl flavo-
noids and its sugar moiety is removed. Last, 7,8-dihydroxyl flavo-
noids are accumulated in the heartwood part.

2.5. Constituents of the leaves

Methanol and hot water were used to extract the leaves of
A. confusa. Flavonol glycosides, like quercitrin (38), isomyricetin
(41), myricitrin (45), 7-O-methylmyricitrin (myricetin-3-0-o.-
rhamnopyranoside-7-O-methyl ether) (46), myricetin-3-0-(2"-0O-
galloyl)-a-rhamnopyranoside (47), myricetin-3-0-(3"”-0-galloyl)-
a-rhamnopyranoside (48), myricetin-3-0-(2”-0-galloyl)-a-rham-
nopyranoside-7-methyl ether (49), myricetin-3-0-(3”-0-galloyl)-
a-rhamnopyranoside-7-methyl ether (50) and myricetin-3-0-
(2”,3"-di-0-galloyl)-a-rhamnopyranoside (51), are major constitu-
ents of the leaf extracts.”! 2> Besides, flavonoids and phenolic acid
derivatives, like (+)-catechin (33), (-)-epicatechin (34), luteolin
(36), myricetin (42), 3-O-methylmyricetin (43), europetin (7-O-
methylmyricetin) (44), gallic acid (11) and gallic acid methyl ester
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(12) were also found in the leaf extracts.?? The leaf extracts also
contained condensed tannins and the content of the extractable
condensed tannins was 64.17 + 1.44 mg/g.°

2.6. Constituents of the flowers and buds

Gallic acid (11), afzelin (kaempferol-3-0-o-rhamnopyranoside)
(37), quercitrin (38), rhamnetin-3-0-a-glucopyranoside (quercetin-
3-0-o-glucopyranoside-7-O-methyl ether) (39), rhamnitrin (quer-
cetin-3-0-a-rhamnopyranoside-7-0O-methyl ether) (40), myricitrin
(45), 7-O-methylmyricitrin (46) were found to be the major sec-
ondary metabolites in the ethanolic extract of A. confusa flowers
and buds.?*?>

2.7. Alkaloids of the shrubs

The alkaloids study on the methanolic extract of A. confusa
shrubs has led to the isolation of four tryptamine compounds, and
they are N-methyltryptamine (52), N,N-dimethyltryptamine (53),
N,N-dimethyltryptamine-N-oxide (54) and N-chloromethyl-N,N-
dimethyltryptamine (55).2°

3. Biological activities

The biological activities of the extractives from A. confusa have
been investigated and found that they possess various activities in
antioxidant, scavenging radical, anti-inflammatory, anti-virus,
inducing hallucination, etc (Fig. 3 and Table 1). The following sec-
tion introduces their effective constituents and related bioactivities.

3.1. Antioxidant and radical scavenging activities

Evaluation of the antioxidant potency of the extracts from
different plant parts using Folin-Ciocalteu's method shows the root
extract has the highest total phenolic contents (TPC) (652.2 mg
gallic acid equivalence (GAE)/g),'° followed by the heartwood
extract (529.7 mg GAE/g),>’ the bark extract (470.6 mg GAE/g),”’
the branches extract (348.2mg GAE/g),'* the leaves extract
(190.2 mg GAE/g),%® the buds extract (173.3 mg GAE/g),>* the twigs
extract (121.4 mg GAE/g)'* and the flowers extract (105.1 mg GAE/
)24 The isolated compounds show strong antioxidant activity and
radical scavenging activity in vitro mainly because their phenolic
groups form catechol group and pyrogallol group in their struc-
tures. Flavonoids isolated from the heartwood and the root extracts
have unique 7,8-dihydroxyl structures which lead to an increment
in their antioxidant activity. Further, okanin (32) and melanoxetin
(28) are the strongest antioxidant flavonoids which show the

Anti-osteoclastogenic effect

=]

Anti-inflammatory activity
Antioxidant activities

Antihyperuricemic effect

Xanthine oxidase

Angiotensin [
converting enzyme
inhibitory activity

Extractives in

Acacia confusa

Immunoregulatory activity inhibitory activity

lowest ICsg values of radical scavenging ability against DPPH (2,2-
diphenyl-1-picrylhydrazyl) (3.1 and 3.1 uM) and superoxide (2.2
and 2.5 puM) radicals and highest trolox equivalent antioxidant ca-
pacity (TEAC, 5.4 and 4.4 mmol of Trolox equivalence (TE)/mmol)
and reducing power (5.3 and 5.0 mmol of TE/mmol)."° Gallic acid
(11) found in bark, leaves, flowers and buds extracts shows
remarkable DPPH and superoxide radical scavenging activity, with
ICsp values of 8.2 and 12.4 uM, and TEAC of 5.2 mmol of TE/mmo],
which is the best antioxidant for phenolic acid derivatives.'>!3
Myricetin-3-0-(2”-0-galloyl)-a-rhamnopyranoside (47) isolated
from the twigs and the leaves extracts is the most active flavonol
glycoside, exhibiting ICsg values of 3.9 and 8.7 uM for inhibiting
DPPH and superoxide radicals and TEAC of 6.9 TE/mmol.>? There-
fore, extracts from different plant parts of A. confusa contain
abundant amounts and various types of phenolic compounds and
possess excellent antioxidant activity in vitro. The in vivo antioxi-
dant efficacies of the extract in A. confusa twig had been prelimi-
narily evaluated by the model organism, Caenorhabditis elegans.”®
Since twig extract could effectively remove the reactive oxygen
species (ROS) in C. elegans, the oxidative stress resistance of
C. elegans was enhanced following pretreatment with the extract.

ROS has harmful effects on DNA damage, lipid peroxidation and
oxidative deactivation of specific enzymes and proteins on the cells,
which have been implicated in the pathogenesis of many human
diseases, such as Alzheimer's disease, amyotrophic, anxiety,
atherosclerosis, asthma, cancer, degenerative eye diseases, depres-
sion, diabetes, epilepsy, Huntington's disease lateral sclerosis, in-
flammatory joint disease, multiple sclerosis, Niemann-pick diseases,
Parkinson's disease, schizophrenia, senile dementia, etc.>%*' Use of
natural phenolic compounds and flavonoids as an antioxidant has
been advised as a common treatment to deal with these disorders.
Accordingly, the antioxidant potential of different plant parts of
A. confusa and their isolated compounds can be further discovered
in ameliorating the oxidative stress related disorders.

3.2. Hepatoprotective effects

The ethyl acetate fraction of A. confusa bark extract and its active
compounds, gallic acid (11), demonstrated excellent protective ef-
fect against carbon tetrachloride (CCly)-induced chronic liver injury
in rats.>? The pathological histology result for the rats liver showed
dietary supplementation with gallic acid (11) at a dose of 50 mg/kg
inhibited big vacuole formation and reduced small vacuole forma-
tion by 78%, and decreased inflammation by 57%. It can significantly
reduce the plasma levels of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) by 94% and 100%, respectively,
which have been considered effective indicators of hepatic injury.

Semicarbazide-sensitive
amine oxidase
inhibitory activity

Cancer cell cytotoxicity
Hepatoprotective effects

Anti-hepatitis

C virus activity

Psychedelic effects

Fig. 3. Summary of the main medical properties of Acacia confusa.
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Table 1

Medical benefits and pharmacologic properties of the major constituents in Acacia confusa.
Pharmacologic properties Major constituents® References
Antioxidant and radical scavenging activities 11, 28, 32,47 10, 12,13, 22
Hepatoprotective effects 11 32
Xanthine oxidase inhibitory activity 26, 28, 32, 36 9, 14, 41
Semicarbazide-sensitive amine oxidase inhibitory activity 47, 48, 49, 50, 51 47
Angiotensin [ converting enzyme inhibitory activity 49, 50, 51 47
Antihyperuricemic effect 18, 21, 28, 29, 32 9
Anti-inflammatory activity 28 7
Anti-hepatitis C virus activity Ceramides 57
Immunoregulatory activity 28, 47" 68, 73°
Anti-osteoclastogenic effect 25°, 26" 74P 75P
Cancer cell cytotoxicity 47,48, 49, 50 23
Psychedelic effects 53" 79" 80" 81> 82" 83 84" 85 86"

2 The chemical structures of the major constituents are referred to Fig. 2.

b pharmacologic properties of the constituents were determined from other plant species or commercial suppliers.

Gallic acid (11) can elevate the activities of antioxidant enzymes,
such as superoxide dismutase (SOD), glutathione reductase (GRD),
glutathione peroxidase (GPX) and catalase (CAT). For the erythro-
cytes, the activities of SOD, GPX, CAT and GRD strongly increased
from 19, 2.3 and 852 U/mg and 2.1 U/g to 97, 4.9 and 1939 U/mg and
5.1 U/g following treatment with gallic acid (11). For liver tissues, the
activities of GPX, CAT and GRD increased from 0.21, 48 and 0.49 U/g
to 0.32,79 and 0.54 U/g, and the activities of SOD decreased from 6.9
U/g to 5.6 U/g. Gallic acid (11) treatments can obviously reduce the
lipid peroxidation level and oxidative stress in plasma and also in
liver tissues. By using the thiobarbituric acid reactive substances
(TBARS) method, the lipid peroxidation level decreased from 6.2 pM
to 3.3 uM and 57 nmol/g liver to 39 nmol/g liver for the plasma and
the liver tissues, respectively. The oxidative stress was defined as a
reciprocal of the ratio of glutathione (GSH) and oxidized glutathione
(GSSG). The GSH/GSSG ratio strongly increased from 27 to 107 and
15 to 93 for the erythrocytes and the liver tissues. Molecular biology
study illustrated the expression of hepatic CYP2E1, the major
isozyme involved in CCly bioactivation and subsequent free radical
production, was significantly decreased by 45% by gallic acid (11). In
sum, the hepatoprotective effects of gallic acid (11) may be due to
regulating the activities of antioxidant enzymes and suppressing
lipid peroxidation and CYP2E1 activation.

According to the World Health Organization, chronic liver dis-
eases derived from alcoholic liver disease, fatty liver disease and
especially viral hepatitis, etc., remain one of the major threats to
public health and are a worldwide problem, causing up to 1.45
million deaths worldwide annually.>*>* Although modem medi-
cine provides great advances in liver disease treatment, no effective
drug is available that protects the liver from damage, stimulates
liver function or helps regenerate hepatic cells.>*>® Phytochemicals
from traditional medical plants have been evaluated for their
hepatoprotective effects involved with free radical scavenging ac-
tivities, antioxidant properties and adoptogenic effects.’’>° The
treatment of liver diseases using natural remedies and their de-
rivatives has a long history and are still used all over the world.
Liver protective plants have all manner of chemical constituents,
like phenolic compounds, flavonoids, coumarins, monoterpenes,
glycosides, alkaloids and xanthenes.*’ Tung et al.>? reported the
hepatoprotective effects of gallic acid (11) isolated from A. confusa
bark extract show exciting progress in the discovery of effective
liver protective agents, especially at present, with the urgent need
for innovative drugs.

3.3. Xanthine oxidase (XOD) inhibitory activity

A. confusa heartwood extract exhibited remarkable inhibitory

activity against XOD in vitro. Tung and Chang?' reported okanin
(32) showed the strongest XOD inhibitory effect with an IC5g value
of 0.076 uM, followed by melanoxetin (28, 0.274 uM), allopurinol
(positive control, 4.784 uM), and 7,8,3',4'-tetrahydroxyflavone (26,
10.488 uM). The results of the kinetics and molecular mechanisms
demonstrated melanoxetin (28) and 7,8,3',4’-tetrahydroxyflavone
(26) were in a competitive mode, as well as allopurinol, and okanin
(32) was in a noncompetitive mode. Further studies*"**> demon-
strated melanoxetin (28) is a better XOD inhibitor than the com-
mercial drug, allopurinol for two reasons. First, at the same dosage
of inhibitor, melanoxetin (28) showed lower heat release than
allopurinol in exothermic XOD and xanthine reaction. Second, the
Michaelis constants (Ky,) of XOD and xanthine reaction were 34.6
and 24.5 uM for melanoxetin (28) and allopurinol, respectively.’
The molecular docking studies showed the melanoxetin (28)
molecule occupies the same binding site as allopurinol, and its
carbonyl and multihydroxyl functions may contribute to a higher
binding affinity to XOD than allopurinol.® Besides, luteolin (36)
isolated from the twigs extract showed excellent XOD inhibitory
activity with an ICsq value of 11.6 pM.'

XOD plays an important role in the catabolic sequence of the
purine nucleotide metabolism in some species, including
humans.*” It not only catalyzes the serial oxidation processes in the
transformation of xanthine from hypoxanthine and further from
xanthine to uric acid, but also generates ROS, like hydrogen
peroxide and superoxide anion radicals, accompanying the cata-
lyzed reaction. Consequently, XOD inhibitors are employed to
interrupt the synthesis of uric acid in the final step, decreasing the
ROS level in the human body, and promoting the production of
anti-inflammatory agents to relieve the symptoms from the dis-
ease. > %0 It is surprising okanin (32) and melanoxetin (28) exhibit
much better XOD inhibitory activity than allopurinol, which is one
of the clinical drugs for treating hyperuricemia and acute gout, and
shows great potential in the development of new drugs.

3.4. Semicarbazide-sensitive amine oxidase (SSAO) inhibitory
activity

Lee et al.*’ reported five myricetin galloglycosides were isolated
from the leaves of A. confusa and showed inhibitory activity against
SSAO (EC 1.4.3.6). Among them, myricetin-3-0-(3"-0-galloyl)-o.-
rhamnopyranoside-7-methyl ether (50) and myricetin-3-0-(2",3"-
di-O-galloyl)-o-rhamnopyranoside (51) showed the highest inhibi-
tory activity with ICsq values of 36.16 pM and 39.35 uM, respectively,
followed by myricetin-3-0-(2"”-0-galloyl)-o-rhamnopyranoside-7-
methyl ether (49), myricetin-3-0-(3"-0-galloyl)-o-rhamnopyrano-
side (48), myricetin-3-0-(2"-0-galloyl)-a-rhamnopyranoside (47).



448 H.-Y. Lin et al. / Journal of Traditional and Complementary Medicine 8 (2018) 443—450

Lee et al.*’ also found these five compounds showed an identical

order for inhibitory activity against SSAO and DPPH radical scav-
enging activity. SSAO is present in plants, microorganisms, and in
many organs of mammals.*® It converts primary amines into the
corresponding aldehydes, generating hydrogen peroxide and
ammonia. It has been proven plasma SSAO is increased in diabetes
mellitus and heart failure and SSAO is implicated in atherosclerosis,
endothelial damage, and glucose transport into adipocytes. There-
fore, myricetin galloglycosides isolated from the leaf extract of
A. confusa show benefits to human health.

3.5. Angiotensin I converting enzyme (ACE) inhibitory activity

Myricetin-3-0-(2",3"-di-O-galloyl)-¢-rhamnopyranoside  (51),
myricetin-3-0-(3"-0-galloyl)-o-rhamnopyranoside-7-methyl ether
(50) and myricetin-3-0-(2"”-0-galloyl)-a-rhamnopyranoside-7-
methyl ether (49) isolated from the leaf extract of A. confusa
showed inhibitory activities against ACE (EC 3.4.15.1), with ICsq
values of 19.82, 60.32 and 151.90 uM.*” Lee et al.”’ suggested ACE
inhibitory activity is referring to the gallic acid groups. ACE, a
dipeptide-liberating exopeptidase, is involved in the blood pressure
regulation around the renin-angiotensin system.*® ACE inhibitor is
the preferred class of antihypertensive drugs, due to its low adverse
side-effects.”°

3.6. Antihyperuricemic effect

Tung et al.® reported A. confusa heartwood extract can signifi-
cantly suppress serum uric acid levels in oxonate-induced mice,
and lead to the isolation of five active compounds. At an equimolar
dose (100 pmol/kg), animals treated with melacacidin (18), 4’-O-
methylmelacacidin (21), melanoxetin (28), transilitin (29), okanin
(32) and allopurinol (positive control) showed significant re-
ductions in uric acid to 66, 72, 75, 65, 69 and 79%, respectively,
relative to the untreated group. Hyperuricemia may lead to the
pathogenesis of many serious complications, including: gouty
arthritis, gout, stroke, ischemic heart disease, kidney dysfunction,
uremia, urolithiasis, etc. Wang et al°! reported cinnamaldehyde,
the major compound of Cinnamomum osmophloeum leaves, signif-
icantly reduced the serum uric acid level by 60% at a dosage of
150 mg/kg (1135 pmol/kg). Zhu et al°? also found treating with
quercetin and rutin at a dosage of 150 mg/kg (496 umol/kg for
quercetin and 245 pmol/kg for rutin) markedly reduced the serum
uric acid levels by 36 and 32%, respectively. Therefore, the study of
Tung et al.? indicates the heartwood extract of A. confusa and its
isolated five flavonoids as a potential candidate for reducing serum
uric acid levels and gout treatment.

3.7. Anti-inflammatory activity

A. confusa heartwood extract showed moderate anti-
inflammatory activity in the inhibition of nitric oxide (NO) gener-
ation in lipopolysaccharide (LPS)-stimulated RAW 264.7 cells.’
Melanoxetin (28) is the most active compound which strongly
inhibited NO production with an ICsg value of 6.9 uM and reduced
PGE, accumulation by 60% at a dosage of 100 pM. In addition, at a
dosage of 50 uM, melanoxetin (28) completely suppressed the iNOS
mRNA expression and reduced the cyclooxygenase-2 (COX-2)
mRNA expression by 76%. New anti-inflammatory agent discoveries
alleviating the symptoms of acute inflammation always attract the
attention of pharmacological scientists because they aim to prevent
the adverse effect of clinical drugs. On the other hand, chronic
inflammation has been gradually proven to be a possible cause of
cardiovascular disease, Alzheimer's disease, cancer, allergies,
autoimmune diseases and metabolic disorders.”> % A. confusa

heartwood extract contains abundant amounts of phenolic com-
pounds and flavonoids and shows anti-inflammatory activities,
thus, it may have the potential to become a natural source of anti-
inflammatory food supplements and drugs.

3.8. Anti-hepatitis C virus activity

Lee et al’’ showed the glycosyl lipidoids, ceramides, in
A. confusa stems have inhibition efficacy on anti-hepatitis C virus
(HCV). HCV is an enveloped, positive-sense and single-stranded
RNA virus belonging to the family Flaviviridae that causes chronic
hepatitis, cirrhosis and hepatocellular carcinoma in humans.>®>°
The only treatment to cure for HCV infection is using pegylated
interferon-¢. in combination with the nucleoside analog ribavirin
which has unfavorable side-effects such as flu-like symptoms, he-
molytic anemia and depression.?® Virus-induced hepatic diseases
cause chronic inflammation or proliferation of hepatoma cells
involving activation of nuclear factor-kappaB (NF-kB).°! HCV pro-
duces at least 10 individual proteins, 4 structural proteins (core, E1,
E2 and p7) and 6 nonstructural proteins (NS2, NS3, NS4A, NS4B,
NS5A and NAS5B), and some of them (core, E2, NS3, NS5A) induce
hepatocellular carcinoma via promotion of NF-kB mediated
through COX-2 expression.””%275> Lee et al°’ demonstrated the
effective constituents in the stems of A. confusa can inhibit the HCV
RNA replication by suppressing COX-2 expression and NF-kB acti-
vation and providing antiviral synergy in combination with INF-o.

3.9. Immunoregulatory activity

Dendritic cells (DCs), one type of professional antigen-
presenting cells, present in lymphoid and nonlymphoid tissues,
are responsible for regulating immune responses.®®%’ It has been
demonstrated the activation of DCs leads to the maturation and
expression of pro-inflammatory cytokines such as TNF-q, IL-6 and
IL-12.58770 Ho et al.%% reported melanoxetin (28), the major con-
stituent in A. confusa heartwood extract, can effectively enhance
immune regulation by inhibiting the production of pro-
inflammatory cytokines in LPS-stimulated dendritic cells (DCs) at
a concentration of 12.5 uM. Besides, LPS also generates ROS which
can activate DCs and make immature DCs become mature.”! Ho
et al.%® found LPS-induced DCs maturation was inhibited by treat-
ment with melanoxetin. Since melanoxetin is a good antioxidant, it
is believed that the melanoxetin can enhance immune-regulation
by suppressing LPS-generated ROS. Besides, human peripheral
blood mononuclear cells (PBMCs) are the important hinge of the
immune responses.”? The activation and proliferation of PBMCs
would promote the immune responses.”” Kuo et al.”> reported
myricetin-3-0-(2”-0-galloyl)-a-rhamnopyranoside (47) has an
antiproliferative effect on PBMCs, with an IC5¢ value of 11.9 pM.

3.10. Anti-osteoclastogenic effect

Kang et al.”*”> demonstrated 7,3,4/-trihydroxyflavone (25) and
78,3, 4'-tetrahydroxyflavone (26) have the potential to treat bone-
lytic diseases owing to their anti-osteoclastogenic effect. Osteo-
clastogenesis causes the immature bone-resorbing osteoclast to
mature which is activated by the essential key cytokines, macro-
phage colony stimulating factor and receptor activator of NF-kB
ligand (RANKL).”%”7 Osteoclast is accountable for the primary bone
remodeling process via resorption and resorbing of the bone;
however, the over activation of osteoclasts would induce bone-
related diseases such as postmenopausal osteoporosis, inflamma-
tory arthritis, osteolytic bone metastasis and Paget's bone disease.”®
Kang et al.”*”> showed 7,3’ 4'-trihydroxyflavone (25) and 7,8,3',4'-
tetrahydroxyflavone (26) can inhibit RANKL-induced osteoclast
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differentiation by reducing both the expression levels of nuclear
factor of activated T cells c1 (a key transcription factor of osteoclast
differentiation) and the mRNA of osteoclast marker genes.

3.11. Cancer cell cytotoxicity

Brine shrimp (Artemia salina) lethality assay is a rapid, inex-
pensive, in-house and general bioassay and is usually used for
evaluating the cancer cell cytotoxicity of organic compounds,
especially for natural products. Lee et al.?> reported flavonol gal-
loglycosides were the major compounds for A. confusa leaf extracts
and their anti-hatch activity against brine shrimp were evaluated.
Myricetin-3-0-(2”-0-galloyl)-a-rhamnopyranoside  (47), myr-
icetin-3-0-(3"-0-galloyl)-a-rhamnopyranoside (48), myricetin-3-
0-(2"-0-galloyl)-o-rhamnopyranoside-7-methyl ether (49), myr-
icetin-3-0-(3"-0-galloyl)-a-rhamnopyranoside-7-methyl ether
(50) exhibited moderate brine shrimp lethality, with IC5q¢ values of
75, 64, 89 and 50 pg/mL.

3.12. Psychedelic effects

It is well known ingesting N,N-dimethyltryptamine (53) at high
concentration causes transient and intermittently visual
hallucinations.” 82 Carbonaro and Gatch®® reviewed the psyche-
delic pharmacological mechanisms of N,N-dimethyltryptamine
(53) involved in the interactions of various receptors (i.e. serotonin
receptors, trace amine-associated receptors, sigma-1 receptor and
ionotropic and metabotropic glutamate receptors) and neuro-
transmitters (dopamine, acetylcholine and glutamate) in brain,
concurrently, N,N-dimethyltryptamine (53) can be a model of
psychiatric disorders in investigations of schizophrenia, depression
and anxiety. Besides, since the use of N,N-dimethyltryptamine (53)
is not as harmful as other synthetic hallucinogenic compounds,
such as 25I-NBOMe, N,N-dimethyltryptamine (53) is also consid-
ered a powerful media for self-discovery and understanding
consciousness.®> 86

4. Conclusions

Traditional medical plants are potent sources in the drug dis-
covery process and the development of health functional food
because their active phenolic compounds are in charge of various
antioxidant and pharmacological activities. A. confusa is a medical
plant endemic in Taiwan and is one of the most widespread plants.
To date, this report is the most comprehensive review of the
phytochemistry, antioxidant and pharmacological properties of
A. confusa. Flavonoids, flavonol glycosides and phenolic acid de-
rivatives are the major phytochemical constituents isolated from
different plant parts which contain multiple phenolic functional-
ities exhibiting impressive antioxidant ability. Further, these com-
pounds exhibited remarkable inhibitory activities against XOD,
AASO and ACE. Knowledge of the chemical constituents of
A. confusa is necessary, not only for the discovery of new medical
agents, but because such information may be valuable to those
interested in the actual worth of folklore drugs. Only a few studies
have been done on the biological activities and plausible functional
food and medicinal applications of these compounds. Therefore,
extensive investigation and development work is needed to exploit
their therapeutic utility against diseases and the feasibility of being
healthy food supplements.
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