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Abstract

v

Angelica keiskei Koidzumi, or ashitaba, is a popu-
lar botanical medicine in Japan containing diverse
bioactive components including prenylated chal-
cones, linear and angular coumarins, and flava-
nones. This review provides an overview of the
current knowledge of ashitaba metabolites and
their biological activities to prioritize future stud-
ies. Ashitaba is purported to possess cytotoxic,
antidiabetic, antioxidative, anti-inflammatory,
antihypertensive, and antimicrobial properties.
Although many in vitro studies have been con-

ducted on ashitaba’s chemical constituents, the
in vivo efficacy and clinical relevance of this plant
has yet to be confirmed for most of these activ-
ities. Here we describe the chemical composition
of ashitaba and present the pharmacological ef-
fects of this botanical as supported by the current
literature. The experimental results demonstrate
promise for the medical use of ashitaba, but con-
siderable work needs to be done to understand
the mechanisms of action of its metabolites. Addi-
tionally, in vivo and clinical trials as well as addi-
tional studies on less abundant bioactive com-
pounds are warranted.

Introduction

v

Medicinal plants are commonly employed for
therapeutic purposes throughout the world. A re-
cent National Health Interview Survey estimated
that nearly 18% of adults in the United States reg-
ularly took non-vitamin, non-mineral dietary
supplements in 2012 [1]. Because of the popular-
ity of herbal medicines, it is important to under-
stand the chemical basis behind the purported ac-
tivities of botanicals. Angelica, a member of the
Apiaceae (Umbelliferae) family, is a large genus
comprised of over 60 species. Members of the ge-
nus have been utilized as medicines across the
world, most notably in Asia, to treat numerous
ailments, including influenza, hepatitis, arthritis,
indigestion, fever, and microbial infections [2].
An increasing number of studies are being con-
ducted on a medicinally promising member of
the genus, Angelica keiskei Koidzumi (Apiaceae),
or ashitaba. This large leafy perennial plant native
to the Pacific coast of Japan is used throughout
Asia for its diuretic, laxative, stimulant, and galac-
tagogue properties [3]. In the past decade, several
active constituents representing chalcones, flava-
nones, and coumarins have been isolated and
characterized from ashitaba, and several bioactiv-

Planta Med 2016; 82: 1236-1245

ities have been described. This review presents
the current progress on ashitaba pharmacological
studies, with a focus on isolated secondary me-
tabolites, biological activity, toxicological data,
and clinical relevance.

Bioactive Metabolites Isolated

from Ashitaba

v

Chalcones

Most of the literature on the bioactive metabolites
from ashitaba concerns the diverse activity of var-
ious chalcones (© Table 1 and Fig. 1), which are
most abundant in the root bark of the plant [4].
Chalcones are formed from phenylpropanoid
starter units, extended with three malonyl-CoA
molecules. The resulting polyketide is folded by
the enzyme chalcone synthase to promote Claisen
condensations and subsequent enolizations [5].
Interestingly, the bioactive chalcones found in
ashitaba are prenylated at the 5’-position
(©Fig. 1), indicating that these molecules have
undergone multiple biosynthetic steps, travelling
through the acetate, shikimate, and isoprenoid
pathways.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Reviews

Table 1 Isolated bioactive components from A. keiskei Koidzumi and part of the plant from which they were first isolated.
No. Compound name Part of plant References
Chalcones
1 4-hydroxyderricin Roots [50]
2 xanthoangelol Roots [50]
3 xanthoangelol B Roots [51]
4 xanthoangelol C Roots [51]
5 xanthoangelol D Roots [51]
6 xanthoangelol E Roots [51]
7 xanthoangelol F Roots [52]
8 xanthoangelol G Roots [52]
9 xanthoangelol H Roots [52]
10 xanthoangelol | Stems [3]
1 xanthoangelol | Stems [3]
12 xanthoangelol K Stems [18]
13 xanthokeistal A Leaves? [39]
14 isobavachalcone Roots [52]
15 (2E)-1-[3,5-dihydroxy-2-methyl-2-(4-methyl-3-penten-1-yl)-3,4-dihydro-2H-chromen-8- Roots [27]
yl]-3-(4-hydroxyphenyl)-2-propen-1-one
16 (2E)-1-[4-hydroxy-2-(2-hydroxy-2-propanyl)-2,3-dihydro-1-benzofuran-7-yl]-3-(4- Roots [27]
hydroxyphenyl)-2-propen-1-one
17 (2E)-1-[4-hydroxy-2-(2-hydroxy-6-methyl-5-hepten-2-yl)-2,3-dihydro-1-benzofuran-5- Roots [27]
yl]-3-(4-hydroxyphenyl)-2-propen-1-one
18 (2E)-1-(3-[(2E)-6,7-dihydroxy-3,7-dimethyl-2-octen-1-yl]-2,4-dihydroxyphenyl)-3-(4- Roots [27]
hydroxyphenyl)-2-propen-1-one
19 (2E)-1-(3-[(2E)-6-hydroperoxy-3,7-dimethyl-2,7-octadien-1-yl]-2-hydroxy-4-methoxy- Roots [27]
phenyl)-3-(4-hydroxyphenyl)-2-propen-1-one
20 xanthokeismin A Stems [31]
21 xanthokeismin B Stems [31]
22 xanthokeismin C Stems [31]
Coumarins
23 (3'R)-3'-hydroxy-columbianidin Stems [17]
24 3'-senecioyl khellactone Stems [17]
25 5-methoxypsoralen Fruit [53]
26 4'-senecioyl khellactone Stems [17]
27 archangelicin Fruit [53]
28 isolaserpitin ® Fruit [53]
29 laserpitin ® Fruit [53]
30 osthenol Stems [3]
31 pteryxin Stems [17]
32 demethylsuberosin Aerial portion [24]
33 selinidin Fruit [53]
Flavanones
34 8-geranylnaringenin Stems [3]
35 4'-0-geranylnaringenin Stems [17]
36 isobavachin Stems [3]
37 munduleaflavanone Stems [17]
38 munduleaflavanone B Stems [3]
39 prostratol F Stems [17]
Other compounds
40 ashitabaol A Seeds [22]
41 falcarindiol Stems [17]
42 pregnenolone Aerial portion [24]
43 4-hydroxy-3,5,5-trimethyl-4-(1,2,3,-trihydroxybutyl)cyclohex-2-enone Aerial portion [24]

2Part of plant was inferred, but not directly stated by authors. "YCommon names laserpitin and isolaserpitin also refer to sesquiterpene-type compounds. In this case, they refer to

angular coumarin derivatives isolated from Ashitaba fruits. Other references cited in this review utilize this nomenclature as well

Many chalcones, both from ashitaba and other natural product
sources, have been shown to possess chemopreventive, antidia-
betic, antibacterial, anti-inflammatory, and anxiolytic properties,
as well as others [6-10]. In many instances, a single chalcone may
demonstrate multiple bioactive properties. These diverse bio-
activities may be attributed to the flexible structural conforma-
tion of the chalcone backbone, leading to promiscuous substrate
behavior [11]. Two chalcones, 4-hydroxyderricin (1) and xan-

thoangelol (2), are the most abundant in this plant and possess
cytotoxic, anti-inflammatory, and antidiabetic properties [12].

Coumarins

Ashitaba contains numerous coumarins with medicinal proper-
ties (© Table 1 and Fig. 2). Coumarins result from the addition of
a hydroxy group, ortho- or para-, to the propanoid side chain of
cinnamic acids [13]. Although basic coumarins are comprised
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Fig. 1 Structures of bioactive chalcones isolated from A. keiskei Koidzumi.
Absolute configuration at points marked with an asterisk (*) were not
specified in original articles.

solely of a phenylpropanoid backbone with varying degrees of
hydroxylation, many others have more complex carbon frame-
works derived from isoprene units. These 5-carbon units can lead
to cyclization with a phenol group, eventually yielding complex
coumarin derivatives [13]. Depending on the position of the ini-
tial dimethylallylation, furocoumarin derivatives may be angular
(23, 24, 26-29, 31, 33) or linear (25).

Coumarins isolated from a number of plant species have been
shown to possess anti-inflammatory and chemopreventive prop-
erties [14,15]. Indeed, coumarins isolated from ashitaba have
demonstrated cytotoxic properties [3,16,17] in addition to anti-
diabetic [18], antiobesity [12], and blood pressure-reducing ef-
fects [19].

Caesar LK, Cech NB. A Review of... Planta Med 2016; 82: 1236-1245

Flavanones

Considering the abundance of chalcones found in ashitaba, it is
not surprising that this plant also possesses several flavanones
(©Table 1 and Fig.3). Chalcones, with a nucleophilic phenol
group positioned near to an o,f-unsaturated ketone, readily
undergo a Michael-type attack, leading to cyclization and flava-
none formation [20].

Flavanones are distributed throughout the plant kingdom and
are found in 42 plant families, both in aerial and belowground tis-
sue. These compounds have been shown to possess radical scav-
enging, anti-inflammatory, and chemopreventive effects [21].
Flavanones in ashitaba, though less studied than the chalcones 1
and 2, have been studied most for their potential as chemopre-
ventive agents [17].

Other active compounds

Ashitaba also possesses active polyacetylenes, triterpenes, and
cyclohexenones. One sesquiterpene, ashitabaol A (40), has been
isolated from ashitaba seeds (© Table 1 and Fig. 4) and shows free
radical scavenging activity [22]. Sesquiterpenes containing a hex-
ahydrobenzofuran or tetrahydro backbone with the 3-methyl-
but-2-enylidene unit are extremely uncommon in nature. Com-
pound 40 is only the second reported natural product, after bis-
bolangelone, with this unusual structure [22].

Biological Activities of Ashitaba

v

Extracts of ashitaba, whether containing complex mixtures or
isolated compounds, are used to treat many diseases. In this sec-
tion we describe ashitaba’s cytotoxic, antidiabetic, antiobesity,
antioxidant, anti-inflammatory, antithrombotic, antihyperten-
sive, and antimicrobial properties. When possible, structure-
activity relationships of known active constituents will be de-
scribed. A summary of the in vivo and in vitro studies on ashitaba
extracts can be found in © Table 2. A comprehensive list of known
bioactivities for each isolated compound can be found in
O Table 3.

Antidiabetic and antiobesity activities

Although ashitaba has been purported to possess numerous bio-
activities, it has most notably been utilized as a medicinal plant
to prevent obesity and its complications. Ashitaba extracts and
their isolated constituents have been shown to possess antidia-
betic and antiobesity properties. However, the purported proper-
ties and modes of action are often contradictory between studies,
suggesting a need for more comprehensive analysis of these ac-
tivities.

Tyrosine-protein phosphatase 1B (PTP1B) negatively regulates
the insulin signaling pathway, and is a promising target for the
treatment of type Il diabetes mellitus [18]. Several compounds
isolated from ashitaba, including chalcones 1, 2, 5-7, and 12 and
a coumarin (25), inhibited PTP1B activity with ICsq values of
0.82-4.42 pg-mL™'. Kinetic studies revealed that compound 12
was a fast-binding competitive inhibitor of PTP1B [18]. Addition-
ally, KK-AY mice, known to develop hyperglycemia with aging,
were fed diets comprised of 0.15% 1 or 2 and showed suppressed
development of insulin resistance as well as lower levels of blood
glucose (50% and 33% lower, respectively) when compared to
controls [23].

Alpha-glucosidases aid in carbohydrate digestion and glucose re-
lease, and increased activity of these enzymes can lead to hyper-
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Fig.2 Structures of bioactive coumarins isolated from A. keiskei Koidzumi.
Absolute configuration at points marked with an asterisk (*) were not
specified in original articles.

Fig.3 Structures of bioactive flavanones isolated from A. keiskei Koidzumi.
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Fig.4 Other bioactive compounds isolated from A. keiskei Koidzumi.

glycemia and the development of type II diabetes. Alpha-glucosi-
dase inhibitors are target molecules for suppressing the onset of
this disorder. Four compounds, 2, 14, 32, and 41, had alpha-glu-
cosidase inhibitory activity with ICsy values at or below 20 uM
when using 4-nitrophenyl-alpha-D-glucopyranoside as the sub-
strate, considerably lower than the control drug acarbose
(ICs50=384 M) [24].

Reviews RPELE]

To maintain blood sugar homeostasis, it is imperative that skele-
tal muscle cells uptake glucose. Obesity can impair this uptake
and lead to hyperglycemia. The majority of the translocation of
glucose is completed by glucose transporter 4 (GLUT4). The activ-
ity of GLUTA4 is regulated by protein kinase (/A (PKC /A), protein
kinase B (Akt), and adenosine monosphosphate-activated protein
kinase (AMPK). The activities of 1 and 2 on the activation of
GLUT4 glucose translocation in rat skeletal muscle L6 cells were
determined and compared to the activity induced by insulin
[25]. At 30uM, 1 stimulated glucose uptake into L6 myotubes
2.8-fold, and 2 stimulated the uptake 1.9-fold, as did insulin. At
10puM, 1 and 2 induced glucose uptake into L6 myotubes at the
same rate as insulin. Of the compounds screened, the prenylated
chalcones had the highest GLUT4-inducing activity. The hydro-
phobic groups may interact directly with the myotubes and facil-
itate the activation of transporters [25]. Interestingly, the authors
found that proteins that typically induce GLUT4 activity, notably
PKC ¢/A, Akt, and AMPK, were not activated by 1 and 2. Thus,
1 and 2 affect other signaling components in the cascade.

The differentiation of adipocytes from preadipocytes plays a large
role in the development of obesity [26]. Peroxisome proliferator-
activated receptor y (PPAR-y) and CCAAT/enhancer-binding pro-
teins (C/EBPs) play important regulatory roles in adipocyte dif-
ferentiation. Activation of C/EBP-f and C/EBP-6 begins a cascade
that increases the expression of C/EBP-a, PPAR-y, and GLUT4 [26].
AMPK downregulates C/EBP-a and PPAR-y expression, and mod-
ulates the activity of other factors through the inactivation of ace-
tyl-CoA carboxylase (ACC). Inactivation of ACC by phosphory-
lation halts the biosynthesis of malonyl-CoA, leading to fatty acid
oxidation by carnitine palmitoyltransferase-1A (CPT-1A) [12].
Counterintuitively, ligands that activate PPAR-y have been devel-
oped to treat type II diabetes mellitus. Small adipocytes can en-
hance glucose uptake upon insulin stimulation, enabling the
reduction of insulin resistance [23]. One study determined that
incubation of 3 T3-L1 cells with compounds 1 and 2 instead of in-
sulin led to equal levels of adipocyte differentiation, but com-
pound 1 resulted in the highest induction of glucose uptake. In a
follow-up experiment, the effects of 1 and 2 on PPAR-y were eval-
uated, along with the effects of a known PPAR-y agonist, pioglita-
zone. Interestingly, only the known agonist pioglitazone acti-
vated PPAR-y, indicating that compounds 1 and 2 induce glucose
uptake by a different mechanism than PPAR-y activation [23].
Other studies have reported contradictory results, and indicate
that ashitaba extracts, and particularly compounds 1 and 2, sup-
press adipocyte differentiation by inactivating PPAR-y [12,26].
Treatment of 3T3-L1 cells with 1 and 2 phosphorylated AMPK,
leading to its activation and subsequent downregulation of C/
EBP-a, C/EBP-B, PPAR-y, and GLUT4 expression [26]. To determine
if adipogenesis was inhibited as a result of AMPK activation, cells
were treated with compound C, an AMPK inhibitor, and with
compounds 1 and 2. Compound C reversed the anti-adipogenic
effects of the chalcones, further supporting the involvement of 1
and 2 in AMPK activation [26].

Adiponectin helps to improve insulin resistance, so compounds
aiding in adiponectin production may be useful in inhibiting the
development of metabolic syndrome [27]. In one study, the ef-
fects of compounds 1, 2, and 15-19 were assessed for their effects
on adiponectin production in 3T3-L1 adipocytes. All chalcones
upregulated the expression of adiponectin mRNA, particularly
compounds 17 (7.80-fold induction) and 18 (8.27-fold induc-
tion). Compounds 1, 2, and 15-19 also significantly enhanced
adiponectin production [27].

Caesar LK, Cech NB. A Review of... Planta Med 2016; 82: 1236-1245
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Table 2
Plant part Extract type
Cytotoxicity
Not specified? Ethyl acetate extract
Fresh aerial 95 % ethanol extract
portion

Antidiabetic and antiobesity activity
Stem exudate Ethyl acetate extract

Leaves and Whole leaves, juice,
processed fermented juice, and/
products of or squeeze debris
leaves

Stem exudate Ethyl acetate extract

Not specified® Ashitaba powder
Dried leaves Ethanol extract
and stems

Roots Ethanol extract

Anti-inflammatory activity

Root cores, Methanol extract
root bark,

leaves, and

stems

Not specified n-Hexane extract

Stem exudate Yellow exudate, ethyl
acetate extract, chal-
cone-rich, and couma-

rin-rich fractions

Antihypertensive activity

Freeze dried Purified fraction from

leaves 80% ethanol crude ex-
tract

In vitro and in vivo bioactivity studies on ashitaba extracts.

Biological activity tested

Anticarcinogenicity
(in vitro)

Anticarcinogenicity

(in vitro)

Anti-hyperlipidemic
(in vivo)

Anti-adiposity
(in vivo)

Anti-adiposity
(in vivo)

Anti-adiposity
(in vivo)

Antidiabetic
(in vivo)

Antidiabetic
(in vitro)

Xanthine oxidase inhibition
(in vitro)

Anti-inflammatory (in vitro)

Anti-inflammatory (in vivo)

Antihypertensive
(in vivo)

Planta Med 2016; 82: 1236-1245

Results

Hep G2 cells treated with ashitaba extract

(1 mg/mL) showed a 1.42-fold induction of quinone reductase
expression, an anticarcinogenic marker enzyme.

Murine hepatoma Hepa 1c1c7 cells treated with 25 pg/mL ashitaba
extract showed a 2.44-fold induction of NAD(P)H quinone
oxidoreductase 1, protecting against quinone-induced damage.

Male stroke-prone spontaneously hypertensive rats fed a diet con-
taining 0.2 % ashitaba extract for 6 weeks showed increased levels of
serum HDL levels and reduced liver triglyceride levels correlated
with the downregulation of hepatic acyl-coenzyme A synthetase
mRNA.

Male Sprague-Dawley rats fed a high-fat diet with 3-5% ashitaba
whole leaves or a combination of juice and solid squeeze debris for
6 weeks showed decreased liver, kidney, and epididymal fat, and
rear fat weights. Ashitaba and its processed products increased
luteolin absorption and suppressed diet-induced cholesterol build
up in the liver by increasing antioxidant enzyme gene expression.
Male C57BL/6 mice fed a high-fat diet with 0.01 % ashitaba extract
by weight for 16 weeks showed lowered diet-induced body weight
and body fat and lowered serum levels of glucose, insulin, and cho-
lesterol when compared to the positive controls. Ashitaba extract
regulated lipid metabolism in adipose and liver tissue by activating
AMP-activated protein kinase.

Male Wistar rats fed a high-fat diet in combination with ashitaba
powder at 17, 170, or 1700 mg/100 g body weight for 28 days did
not show significant differences in body weight gain, food intake, or
relative organ weights when compared to the positive controls.
Male Wistar rats fed a high-fructose diet with 3% ashitaba extract by
weight for 11 weeks had 16.5% lower blood glucose levels, 47.3%
lower serum insulin, 56.4 % lower HOMA-R, and 24.2 % lower tri-
glyceride content, leading to improved insulin resistance and hy-
pertriglyceridemia when compared to the positive controls, likely by
enhancing the expression of genes related to the B-oxidation of
fatty acids.

Ashitaba extract showed insulin-like activity following incubation
with 3 T3-L1 cells. Dose-dependent glucose uptake and differentia-
tion of preadipocytes to adipocytes were observed in treated cells,
but not in controls.

Xanthine oxidase enzyme from bovine serum milk inoculated with
3.12,6.25, and 12.5 uM of four extracts and 20 mM xanthine was
assayed by tracking xanthine oxidation spectrophotometrically. The
extracts all showed lower OD,3 values than the positive control,
allopurinol, indicating that all extracts had potent XO inhibitory ac-
tivity. Stem and root bark extracts were the most potent inhibitors.
Ashitaba extract 10, 30, 50, or 100 ug/mL suppressed lipopoly-
saccharide-induced JNK, p38, and ERK1/2 activation in RAW264.7
macrophages. NF-kB was suppressed as well through inhibition of
p65 translocation and phosphorylation.

Male kwl ICR mice (pathogen-free grade) injected intraperitoneally
with ashitaba exudate for 7 days before injection with lipopolysac-
charide significantly inhibited increase of PAI-1 antigen in lung and
liver tissue at 6 and 9 h. Additionally, ethyl acetate extract and chal-
cone-rich fractions decreased production of LPS-induced PAI-1.

Male spontaneously hypertensive rats given ashitaba extract at
21.8 mg/kg a day for 10 weeks showed significantly lower blood
pressure (200 + 7.3 mmHg) when compared to control rats
(211 £3.7 mmHg).

2Edible parts of washed vegetables. ®“Ashitaba powder commercially available as a so-called functional food”
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One clinical study was conducted to determine ashitaba’s efficacy
for treating metabolic syndrome. For this study, 9 subjects in-
gested ashitaba juice comprised of dried leaves and stems for
8 weeks [28]. Following ingestion, all subjects had significantly
lower visceral fat, body fat, and body weight at the end of the
8th week, and no adverse clinical changes were attributed to
ashitaba. However, this study lacked controls, and as such pro-
vides insufficient evidence for ashitaba’s efficacy in treating
metabolic syndrome.

Numerous in vitro and in vivo studies support the use of ashitaba
as an antiobesity and antidiabetic agent, although clinical trials
are needed to confirm the relevance of these compounds in
humans. However, contradictions in the literature suggest that
further research to understand the mechanisms of action and
molecular targets of active constituents should be conducted in
addition to clinical tests. Additionally, research on other ashitaba
constituents besides compounds 1 and 2 may lead to novel dis-
coveries.

Chemopreventive activity

Ashitaba extracts have been shown to possess chemopreventive
properties in vitro, involving both antiproliferative and antimuta-
genic mechanisms. Quinone reductase plays an important role in
detoxification by reducing electrophilic quinones. This defends
cells against quinone-induced cytotoxic effects and subsequent
carcinogenesis [29]. An ethyl acetate-soluble crude vegetable ex-
tract of ashitaba was shown to induce Hep G2 cell quinone reduc-
tase activity by nearly 50% in 48 h (1.42 +0.06-fold induction)
[29]. Unfortunately, the part of the plant extracted was not speci-
fied, and chemical consituents were not determined [29]. Anoth-
er study determined that NAD(P)H quinone oxidoreductase 1
(NQO1), which also protects against quinone-induced damage,
was activated in murine hepatoma Hepa 1c1c7 cells by an etha-
nol-soluble extract of ashitaba (2.44-fold induction at
25pg-mL1). Subsequent compound isolation indicated that four
chalcones, 1, 2, 14, and 18, had the highest rates of NQO1 induc-
tion when tested against murine hepatoma Hepa 1c1c7 cells [24].
Several researchers have studied the inhibitory effects of ashitaba
compounds on the induction of the Epstein-Barr virus Early Anti-
gen (EBV-EA) by 12-O-tetradecanoyl phorbol 13-acetate (TPA).
EBV is associated with numerous diseases, including types of
lymphoma and cancer, and the inhibitory effects on its induction
are often used to evaluate antitumor-promoting activity in pre-
liminary studies [3,17,30]. In Raji cells, compounds 10, 11, 14,
30, 34, 36, and 38 were more potent inhibitors than retinoic acid,
the reference compound, with ICsy values ranging from 215-
320 mol ratio 32 pmol™ TPA [3]. In a previous study, compounds
1,2,7,9, 23, 24, 26, 28, 29, 31, 35, 37, and 39 also showed potent
inhibitor effects, ranging from 92-100% inhibition at 1000 mol
ratio, and 51-84% at 500 mol ratio. In Raji cells, inhibitors 1, 14,
35, 37, and 39 were more potent than the reference compound B-
carotene [17]. Compound 27 was also found to have TPA-inhib-
iting properties [16]. All of these active compounds have, in addi-
tion to the chalcone, coumarin, or flavanone backbone, a prenyl
or genanyl group, suggesting that the addition of isoprene units
results in an increase in chemopreventive potential [3].

Three prenylated chalcones, 1, 2, and 7, were transformed by the
fungal microbe Aspergillus satoi, resulting in flavanone, prenyl
chain hydrated, and ring-B-hydroxylated derivatives. Several fla-
vanone and prenyl chain derivatives, along with compounds 1, 2,
and 7, also suppressed EBV-EA induction in Raji cells with ICsq
values ranging from 211-348 mol ratio 32 pmol! TPA [30]. Inter-

Reviews RPZY

Table 3 Bioactivities attributed to compounds isolated from ashitaba.

Compound  Bioactivities References
1 Chemopreventive, antidiabetic, anti- [4,12,17,18,
adipogenic, anti-inflammatory, anti- 23-27,30,
platelet, anti-influenza, antibacterial 32,33,36,
37,39,40]
2 Chemopreventive, antidiabetic, anti-adi- [4,12,17,18,
pogenic, anti-inflammatory, antioxidant, 23-27,30-32,
antiplatelet, antibacterial 35-37,40]
3 Anti-inflammatory, antioxidant, anti- [4,31,35,36,
platelet, anti-influenza 39]
4 Anti-inflammatory [36]
5 Antidiabetic, anti-inflammatory, anti- [18,33,35,
influenza 39]
6 Antidiabetic, anti-inflammatory, anti- [18,35,36]
platelet,
7 Chemopreventive, antidiabetic, anti- [3,4,17,18,
inflammatory, antioxidant, anti-influenza 30,39]
8 Anti-influenza [39]
9 Chemopreventive [17]
10 Chemopreventive, anti-inflammatory [3]
1 Chemopreventive, anti-inflammatory [3]
12 Antidiabetic [18]
13 Anti-influenza [39]
14 Chemopreventive, anti-inflammatory [3,4,17,24,
30]
15 Antidiabetic, antioxidant [24,27]
16 Antidiabetic [27]
17 Antidiabetic [24,27]
18 Chemopreventive, antidiabetic [27]
19 Antidiabetic [27]
20 Antioxidant [31]
21 Antioxidant [31]
22 Antioxidant [31]
23 Chemopreventive [17]
24 Chemopreventive; anti-inflammatory [3,17]
25 Antidiabetic [18]
26 Chemopreventive, anti-inflammatory [3,17]
27 Chemopreventive [16]
28 Chemopreventive, anti-inflammatory [3,17]
29 Chemopreventive, anti-inflammatory [3,17]
30 Chemopreventive, anti-inflammatory [3,17]
31 Chemopreventive, anti-inflammatory [3,17]
32 Antidiabetic [24]
33 Anti-inflammatory [3,17]
34 Chemopreventive, anti-inflammatory [3,17]
35 Chemopreventive [17]
36 Chemopreventive [3]
37 Chemopreventive [17]
38 Chemopreventive, anti-inflammatory [3,17]
39 Chemopreventive [17]
40 Antioxidant [22]
41 Antidiabetic [24]
42 Antioxidant [31]
43 Antioxidant [31]

estingly, biotransformation products in which the prenyl or ger-
anyl chain was hydrated had the most potent inhibitor effects,
even more than parent compounds. Products that had been cy-
clized from chalcones to flavanones, on the other hand, showed
weakened activity [30].

A prenyl chain hydrated biotransformation product of 1, 2",3"-
dihydro-4,3"-dihydroxyderricin (44; © Fig. 5), was shown to pos-
sess cytotoxic activity (ICso=2.9uM) against human leukemia
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cells (HL60) [30]. To determine if this compound played a role in
regulating apoptosis, a follow-up experiment was conducted. In-
deed, HL6O cells treated with 30, 40, or 50 uM of this compound
displayed morphological characteristics consistent with apopto-
sis, including chromatin condensation, nuclei fragmentation, and
mitochondrial membrane collapse [30]. In two-stage carcinogen-
esis tests in mouse skin, it was determined that 14 and 6",7"-
dihydro-7"-hydroxyxanthoangelol F (45; ©Fig.5), a hydrated
prenyl chain biotransformation product of 7, inhibited the rate
and number of skin tumors produced in mice. When topically
treated twice a week with 7,12-dimethylbenz[a]anthracene
(DMBA) and TPA, control mice developed papillomas 100% by
11 weeks. When treated topically with 85 nmol of 45 before ap-
plication of DMBA and TPA, the incidence was lowered to 27% at
11 weeks and 87% at 20 weeks [30]. Similarly, after 10 weeks, on-
ly 20% of mice given a topical treatment (85 nmol) of 14 before
contact with tumor-inducing compounds developed papillomas
when compared to 100% of controls. At 20 weeks, 87% of treated
mice had developed papillomas [3].

Several in vitro studies have been conducted on ashitaba’s cyto-
toxic effects. However, only a few in vivo tests have been com-
pleted using animal models, and no clinical trials have been con-
ducted in humans. As such, no conclusive evidence yet exists to
confirm the use of ashitaba compounds as anticancer agents.
More robust animal studies followed by clinical trials are neces-
sary to support the use of these constituents for cancer treat-
ment.

Oxidative stress relief and anti-inflammatory activity
Compounds isolated from ashitaba have been shown to possess
antioxidant properties, thereby reducing inflammation by a
number of routes. Modes of action include xanthine oxidase
(XO) inhibition [4], free-radical scavenging activity [22,24,31],
and reduction in expression of proinflammatory transcription
factors [32-34].

XOreduces molecular oxygen, leading to anionic O,~ and hydro-
gen peroxide. These free radicals commonly result in inflamma-
tion, so regulators of XO activity could be potent anti-inflamma-
tory agents [4]. When tested against XO from bovine serum milk,
ashitaba stem and root bark extracts demonstrated significant
XO regulation, as indicated by increased levels of xanthine oxida-
tion. Isolated chalcones 1, 2, 3, 7, and 14 showed ICsy values
against X0 ranging from 8.1 to 54.3 uM. Compound 2 was found
to be the most effective (ICso=38.1uM), and likely functions as a
reversible inhibitor of XO [4].

Generation of free radicals can result in damage to cellular ma-
chinery. Compound 40 from ashitaba seed coat tissue exhibited
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS)
free radical scavenging activity [22]. Additionally, compounds 2,
15, 42, and 43 were found to scavenge 2,2,-diphenyl-1-picryl-
hadrazyl (DPPH) radicals [24], indicating that these compounds
may be useful antioxidant agents. Compounds 3 and 20-22 were
also shown to scavenge superoxide radicals (0.51-1.1uM ICsg
values), with 20 showing the most potent activity [31].

Nitric oxide (NO) is another mutagen that affects microbial and
mammalian cells due to the production of free radicals. When
tested against Chang liver cells, compounds 7, 10, 11, 14, 24, 26,
28-31, 33, 34, and 38 showed inhibitory effects on NO almost
equal to the reference compound glyzyrrhizin [3,17]. In another
study, compounds 1 and 2 were also shown to suppress the pro-
duction of NO in RAW264 macrophages, with negligible effects
on cellular function [32]. The authors noted that prenylated chal-
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Fig.5 Bioactive chalcone biotransformation products from A. keiskei
Koidzumi.

cones were more effective in suppressing NO formation, with 2
being more potent than 1. Since 2 contains a geranyl group and
1 contains a dimethylallyl group, it is possible that the increased
hydrophobicity of additional isoprene units facilitates compound
accumulation into the cell, promoting antioxidative activity [32].
Tumor necrosis factor alpha (TNF-a) has been implicated as an
important participant in the induction of inflammation [32] and
is regulated by transcription factors activator protein 1 (AP-1)
and the nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-xB). Ashitaba extract and compound 2 were shown to
inhibit inflammation induced by TNF-a in male kwl ICR mice
[35]. Another study determined that isolated compounds 1 and
2 had similar TNF-a suppressing effects in RAW264 macrophages
[32], and compound 5 induced suppression in porcine aortic en-
dothelial cells [33]. In RAW246.7 macrophages, the n-hexane
ashitaba extract had anti-inflammatory activity resulting from
the downregulation of NF-kB-dependent gene products [34].
Ashitaba’s anti-inflammatory properties can also be attributed
to its effects on histamine release. Histamine is an important
messenger compound released by mast cells in response to for-
eign agents and, consequently, plays a large role in allergic reac-
tions and inflammation. Compounds 1-4 and 6 have been illus-
trated to show histamine release inhibition in rat peritoneal mast
cells [36].

Again, many tests have been conducted in vitro on ashitaba con-
stituents and their antioxidant and anti-inflammatory effects,
but the translatability of these tests to in vivo and clinical tests
has yet to be determined. Additionally, it should be noted that
most substances exhibit some antioxidant effects, especially at
high enough concentrations, and calorimetric tests such as those
used to evaluate DPPH scavenging activity do not provide strong
enough data to confirm antioxidant activity. More robust analy-
ses utilizing cell lines are less likely to yield false positive results
and are thus provide more valuable indications of antioxidant ca-
pacity.

Antithrombotic activity

Compounds isolated from ashitaba stem tissue show promise as
antithrombotic agents due to their antiplatelet activity. Increased
levels of plasminogen activator inhibitor-1 (PAI-1) can result in
persistent blood clots leading to thrombotic complications, in-
cluding heart attacks and strokes. TNF-a, a player in inflamma-
tion responses, is also involved in the induction of PAI-1 expres-
sion. Again, chalcones in ashitaba, namely compounds 2, 3, 5, and
6, were found to suppress activities induced by TNF-a, resulting
in a reversal of PAI-1 increase in human umbilical vein endothe-
lial cells [35].

In another study, 1 and 2 illustrated dose-dependent antiplatelet
activity against a number of platelet aggregation inducers, in-
cluding collagen-, phorbol 12-myristate 13-acetate (PMA), and
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platelet-activating factor (PAF) in washed rabbit platelets [37].
The authors found that 1 and 2 have antiplatelet activity equiva-
lent to aspirin. Because 1 and 2 did not show strong inhibition
against thrombin-induced clotting, which is induced through
the phospholipase C-B (PLC-B) pathway, the authors concluded
that the activity results through the intracellular mobilization of
Ca?* by the phospholipase-y (PLC-y) pathway, which is also stim-
ulated by collagen and PAF [37].

Blood pressure-reducing activity

Although little research has been completed regarding the anti-
hypertensive properties of ashitaba, preliminary research has
shown promise for its use in reducing blood pressure. The renin-
angiotensin (R-A) system involves the angiotensin I-converting
enzyme (ACE), which produces angiotensin II, a vasoconstrictor
[38]. ACE is a major player in essential hypertension, which is
the most prominent type of hypertension diagnosed in the med-
ical field. A compound isolated from ashitaba leaf tissue was
found to inhibit ACE from rabbit lung acetone powder. It showed
no effect on body weight or serum lipid levels in spontaneously
hypertensive rats [38]. Mass spectral data and inhibitory activity
data suggested that this compound may be structurally related to
nicotianamine. More data is required, both in vitro and in vivo, to
determine the efficacy of ashitaba in treating hypertension.

Antimicrobial activity

Ashitaba chalcones have also shown promise as antimicrobial
agents. For example, compounds 1, 3, 5, 7, 8, and 13 were found
to have potent influenza virus neuraminidase (NA) inhibition on
recombinant NA from the 1918 Spanish flu virus (A/Bervig_
Mission/1/18), suggesting that they may be useful as anti-influ-
enza agents [39]. The authors noted that the activity against NA
was influenced by small changes in molecular structure. Elonga-
tion of prenyl chains from dimethylallyl groups to geranyl groups
caused a 2-fold loss of activity. When 2-hydroxy-3-methyl-3-
butenyl alkyl (HMB) groups were also prenylated, a 2-fold loss
of activity was also observed. Conversion of dimethylallyl and
geranyl groups to their HMB counterparts, on the other hand, re-
sulted in a gain of activity [39]. Compound 5 was found to be the
most potent inhibitory agent, and the authors suggested that the
location of the HMB group may be responsible for its potency
[39].

Compounds 1 and 2 have also been identified as potent antibac-
terial agents, particularly against gram-positive bacteria. Using
an agar dilution test, these chalcones were shown to have MIC
values below 7 ng-mL™ for Staphylococcus aureus 209-P, and be-
low 2pg-mL™ against Bacillus subtilis PCI-219, B. subtilis
ATCC_6633, Bacillus cereus FDA-5, S. aureus IFO-3060, Staphylo-
coccus epidermidis IFO-3762, and Micrococcus luteus IFO-12708
[40]. These compounds were also shown to have potent antibac-
terial activity (MIC <1.00 pg-mL™) against plant pathogenic bac-
teria, including Agrobacterium tumefaciens IFO-3058, Pseudomo-
nas syringae pv. phaseolicola IFO-12656, Pseudomonas syringae
pv. tabaci IFO-3508, Pseudomonas stutzeri IFO-12510 [40].

Bioavailability

v

Ashitaba chalcones possess a number of purported health effects,
but no reports about the bioavailability of its prenylated chal-
cones in human tissue currently exist. However, several studies
have examined the pharmacokinetic properties of xanthohumol,
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a prenylated chalcone found in hops, in both humans and rats.
Rats and humans given oral administrations of hops typically
had nanomolar concentrations of xanthohumol and related pre-
nylflavonoids in their plasma [41-43]. In a study conducted on
human microbiota-associated rats, the overall excretion of xan-
thohumol and its related metabolites after two days was only
4.2% of the ingested amount, indicating that this compound is
likely hydrolyzed by human intestinal microorganisms [43].
Additionally, interindividual variability in gut microbiota was
found to play a large role in the availability of xanthohumol, and
some species of bacteria rapidly hydrolyze this chalcone into 8-
prenylnaringenin, a potent phytoestrogen that can affect estro-
gen signaling pathways [42-44]. The associated health effects of
the consumption of xanthohumol depends largely on the amount
ingested as well as on the phenotype of the individual ingesting
this compound. Whether or not these trends will translate to oth-
er prenylated chalcones such as those contained in ashitaba tis-
sue is uncertain, and future studies should aim to determine the
bioavailability of these compounds. Additionally, studies deter-
mined to identify the in vivo differences in metabolism in indi-
viduals with variable gut microbiota should be conducted.

Toxicology

v

The safety of ashitaba was assessed using multiple good laborato-
ry practice (GLP) tests, including a bacterial reverse mutation
test, chromosome aberration test, in vivo mouse micronucleus
test, acute oral toxicity tests, and a 13-week oral toxicity test
[45]. Additionally, the safety of using ashitaba for cosmetic pur-
poses was assessed using the eye irritancy test [46].

Ashitaba yellow sap chalcone powder was found to be non-muta-
genic based on results from the bacterial reverse mutation assay,
chromosome aberration assay, and in vivo micronucleus assay.
Decreased platelet counts were noted in male and female
Sprague-Dawley rats, which is an expected effect based on
known antithrombotic properties of several bioactive chalcones.
It was noted that the magnitude of the platelet count reduction is
marginal, and not of toxicological significance without other clin-
ical signs [45]. Statistically significant levels of serum alkaline
phosphatase, total cholesterol, and serum phospholipid and tri-
glycerides were noted in rats fed the highest amount of ashitaba
chalcone powder (1000 mg-kg™! body weight). This is also an un-
surprising discovery based on the known effects of ashitaba on
cholesterol transport and lipid metabolism.

Interestingly, male and female rats fed the highest dose showed
dilated intestinal lacteals involved in the absorption of dietary
fats in the small intestine. Such dilation is indicative of lymphan-
giectasia, a rare disorder that can lead to edema and its related
complications, including fatigue, abdominal pain, diarrhea, vita-
min deficiencies, and weight loss [47]. The observation of jejunal
lacteal dilation is extremely rare in rodent toxicity studies, so the
no observed adverse effect level (NOAEL) of ashitaba powder was
concluded to be 300 mg-kg™ body weight [45].

To determine the safety of ashitaba as a topical agent, 100 mg of
aqueous or ethanol ashitaba leaf extracts were dropped into the
eyes of New Zealand White rabbits and the reactions were as-
sessed each day for 7 days. No damages were reported in terms
of corneal lesions, turbidity, or eyelid swelling [46]. As such,
aqueous and ethanol extracts of ashitaba are candidates for use
as cosmetic agents.
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Although the issue of furanocoumarin toxicity has not been spe-
cifically addressed with ashitaba, it should be noted that a num-
ber of furanocoumarins have been shown to be phototoxic and
photogenotoxic in addition to interfering with drug metabolism
by cytochrome P450 enzymes [48]. Ashitaba, as is typical with
members of the Apiaceae family, contains bioactive fu-
ranocoumarins (25) and dihydrofuranocoumarin analogs (23,
27). In fact, compound 25 has illustrated phototoxic and photo-
genotoxic effects in a number of studies [48,49]. An assessment
by the Senate Commission on Food Safety reported that com-
pound 25 and its isomer 8-methoxypsoralen are only weakly
mutagenic in the absence of UV light, but in the presence of UV
radiation, these compounds bind covalently to DNA in bacteria
and yeasts, leading to genotoxic and mutagenic effects [49].
Because numerous coumarin derivatives are present within ashi-
taba plant tissue, it is necessary to test individual compounds for
phototoxic and photogenotoxic effects. Additionally, bioavailabil-
ity is affected both by extract composition as well as the route of
administration, and studies are required to determine if photo-
toxic compounds, such as compound 25, are at high enough con-
centrations to be of toxicological concern.

The toxicological data on ashitaba extracts has been addressed to
some extent, but more robust toxicological examinations, such as
teratogenicity tests, are needed. Additionally, toxicological analy-
ses on isolated compounds should be conducted. In particular,
the toxicological profiles of prenylated chalcones (1-22), the rep-
resentative structural class of ashitaba, as well as those of fu-
ranocoumarins (23, 25, 27), must be thoroughly characterized to
determine ranges of toxicity.

Conclusions

v

This review summarizes the known phytochemistry and bio-
activities of ashitaba. Although there is some inconsistency in
the literature, most notably on the effect of ashitaba on adipocyte
differentiation, in vivo evidence supports the use of ashitaba as a
medicinal plant with antiobesity properties. Thorough in vitro
testing has been completed for many of ashitaba’s other pur-
ported bioactivities, but more robust in vivo and clinical experi-
ments are needed to confirm the medicinal applications from a
clinical standpoint. In particular, clinical testing is warranted to
assess ashitaba’s antidiabetic and antiobesity efficacy, and more
preclinical data is needed before pursuing clinical trials of other
biological activities. Future studies should focus not only on the
most abundant chalcones 1 and 2, but also on the bioactivities of
other related compounds found in ashitaba.
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