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The present study was aimed at comprehensive overviewing a
phytochemically and biologically important species namely
Torilis japonica (Apiaceae family). Treatment of dysentery, fever,
haemorrhoids, spasm, uterine tumors, lymphadenitis, rheuma-
tism, impotence, infertility, women’s diseases, and chronic
diarrhea are reported as the main folk medicinal applications of
the T. japonica fruits. So far, the plant is phytochemically
characterized for its diverse terpene derivatives, predominantly

1. Introduction

The genus Torilis Gaertn. belonging to the Apiaceae (Umbellifer-
ae) family. The plants in this large family comprising over 434
genera and 3,780 species, are mostly considered as hollow
stems aromatic plants, whilst many of them are consumed as
vegetables or condiments.!"

The Torilis genus consisting 13 species, are majorly
distributed in the Mediterranean area along with growing in
Southern and Central Asia. The plants of the genus are well-
known in the folk medicine to treat infections and cancer.”

Among all the species, Torilis japonica (Houtt.) DC. (http://
www.theplantlist.org/tpl1.1/record/kew-2438341), as a biennial
plant is the most reputed and investigated plant. The fruits
have traditionally been consumed to cure impotence, inflam-
mation, testitis, anthroneuralgia, and skin disease.”
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sesquiterpenes. The plant’s fruit is a rich source of torlin, a
guaiane-type sesquiterpene, possessing various potent bioactiv-
ities. To date, anticancer, anti-inflammatory, antimicrobial,
antioxidant, skin photoaging activities of the plant extracts and
its constituents have been evaluated. Further investigation of
the plant, specifically bioassay-guided isolation and identifica-
tion of its major bioactive constituents can lead to discover
potential phytopharmaceutical candidates.

Terpenes (hemiterpenoids, monoterpenoid, sesquiterpe-
noids), flavonoids, fatty acids, and steroids have previously
been isolated and identified from T. japonica as the predom-
inant non-volatile phytoconstituents, whereas sesquiterpenes
(hydrocarbon and oxygenated) derivatives including -eudes-
mene, eudesm-7(11)-en-4-ol, (-elemene, and caryophyllene
oxide were characterized as its major volatile compounds.

Nonetheless, torilin, a guaiane-type sesquiterpene, is charac-
terized as the major bioactive plant constituent, the plant
extracts have further been investigated to be potent natural
antimicrobial, antioxidant, anti-cancer, and anti-inflammatory
agents.

Due to the plant folk medicinal applications, the present
study was aimed at overviewing its phytochemicals, traditional
uses, and biological properties. The keyword ‘Torilis japonica’
was utilized to search related English language articles through
databases ‘Web of Science’, ‘PubMed’, and ‘Sci-Finder’ (Last
access date: 01.11.2022).

2. Ethnobotanical uses of Torilis japonica

Ethnobotanical studies of T. japonica have documented various
pharmacological effects such as anti-allergenic, antifungal,
antibacterial, anti-inflammatory, anti-proliferative™ and sedative
activities (Table 1).*7 The fruit part possesses medicinal proper-
ties and is used to treat various diseases and disorders such as
lymphadenitis, rheumatism, infertility, chronic diarrhea,
carbuncle,*"" dysentery, fever, hemorrhoids, spasm, and ute-
rine tumors."? In Japan, the fruit is used to cure skin diseases,
testitis, arthroneuralgia, impotence, and renal disorders,>"'"
besides its consumption for healing amnesia, pruritis, acidosis,
women’s diseases, and scabies in Korea and China."® Due to
anti-inflammatory properties of the fruit, it has also been
considered for the treatment of skin diseases and urogenital."”
Although various bioactivity experiments have been conducted

© 2023 The Authors. Chemistry & Biodiversity published by Wiley-VHCA AG
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Table 1. Ethnomedicinal uses of Torilis japonica.

Ethnomedicinal uses Plant part Ref.
treatment of inflammation, skin disease, and impotence Fr [15]
as pesticide, astrictive, and a medicine for dermatopathy Fr [18]
treatment of skin disease, testitis, impotence, and inflammation - [13]
treatment of dysentery, fever, haemorrhoids, spasm, and uterine tumors - [12]
as anti-fungal, anti-allergenic, antibacterial, and sedative agent Fr [71
treatment of lymphadenitis, rheumatism, impotence, infertility, Fr [9, 10,
women'’s diseases, chronic diarrhea, carbuncle 19, 20]
As anti-inflammatory to treat skin diseases and urogenital disorders Fr [17]
treatment of skin disease, testitis, arthroneuralgia, impotence and renal disorder in Japan Fr [14]
to treat amnesia, pruritis, acidosis, women'’s diseases and scabies in Korea and China fresh or driedH or Fr [16]
As a crude drug “He shi” in Chinese medicine (“Kanpo”) Fr [4]

as an anti-allergenic, antifungal, antibacterial, and sedative agent; Fr [5, 6]
a principal Chinese medicament prescribed

promoting healthy libido and fertility levels as a substitute medicament of the Fr [21]
She-Chuang-Zi (Cnidium monnieri fructi, snowparsley)

anti-proliferative activities on the U87MG human glioblastoma cell lines Fr [3]
Antibiofilm properties against Staphylococcus aureus Fr [22]
F: flower; Fr: fruit; H: Herb; L: leaf.

on the plant, ethnobotanical reports can direct further
phytochemical and biological evaluations.

3. Phytochemicals
3.1. Non-volatile secondary metabolites

Various phytochemicals have previously been isolated from
Torilis japonica mainly including terpenes (hemiterpenoids,
monoterpenoid, sesquiterpenoids), flavonoids, fatty acids, and
steroids (Table 2). Most of the studies have been performed on
the T. japonica fruit part, except in Gizel etal. 2011 study, in
which flavonoids were isolated from the aerial parts and these
compounds have been reported as chemotaxonomic markers
of the Torilis genus. Although, due to the similarity of TLC
pattern in fruit compared to the aerial part, the fruit part has
also been introduced as a suitable candidate for chemo-
taxonomic purposes,” whereas phytochemical investigations of
aerial parts including stem, flower, and fruit may be the
promising topics to be considered.

Notably, T. japonica is rich in sesquiterpenes with a wide
range of structural diversity: 10 guaiane, three eudesmane, two
cadinane, two germacrene, one humulene, one elemane, and a
cadinene type. All the sesquiterpenes have been isolated from
the fruit part (Figure 1); consequently, the T. japonica fruit can
be pondered as a rich source in sesquiterpenes. The guaiane-
type sesquiterpenes have the most structural abundance
among the isolated sesquiterpenes. Torilin (1) (syn. 8,11-
dihydroxy-4-guaien-8-angeloyl-11-acetyl-3-one), a guaiane-type
sesquiterpene, has been isolated and identified as the major
phytochemical of T. japonica, showing wide biological activities
such as antimicrobial,”® anti-neosporal,”” anti-protozoal,”
analgesic, and anti-inflammatory effects.”®*” The wide range
properties of torilin are principally correlated to its structure
and functional groups.

Chem. Biodiversity 2023, 20, €202201071 (2 of 14)

Torilin has been separated for the first time from the hydro-
methanolic (70%) extract of the T. japonica fruit in 1994. This
compound was isolated from hexane (Hex) fraction via column
chromatography on Silica gel with Hex: ethyl acetate (AcOEt)
(gradient) as the eluent. In another study, it was purified by
recrystallization from MeOH (methanol) as colorless stout
needles.”™ In an investigation performed by Lee et al. (2008)
torilin and three new guaiane-type sesquiterpenes including
11-acetoxy-8-isobutyryl-4-guaien-3-one (2), 11-acetoxy-8-meth-
acrylyl-4-guaien-3-one  (3), and 171-acetoxy-8-propionyl-4-
guaien-3-one (4) were isolated from the CHCl; (chloroform):
MeOH (50:50 v/v) extract.” Hydro-alcoholic and alcoholic
soluble-extracts of T. japonica, particularly the fruit methanolic
extract has been introduced as rich source of torilin, the
chemomarker of T. japonica.

Besides torilin, other guaiane-type sesquiterpenes including
torilolone (5), (1B)-1-hydroxytorilin (6), (1a)-1-hydroxytorilin (7),
11-(acetyloxy)-1,8-dihydroxyguai-4-en-3-one (8) and (10,60)-1,6-
dihydroxytorilin (9) were also isolated from the methanolic
extract."” Thirteen sesquiterpene derivatives have further been
isolated from the fruit methanolic extract of T. japonica: eight
guaiane-, one eudesmane-, one cadinane-, two cardinane- and
an elemane-type derivative namely as torilin (1), epoxytorilinol
(10), elematorilone (11), cardinatoriloside (12), (1()-1-hydroxy-
torilin (6), 11-acetoxy-8-propionyl-4-guaien-3-one (13), 11-O-
acetyl-torilolone 8-O-f3-D-glucopyranoside (14), torilolone (5),
1B-hydroxytorilolone (15), 2a, 7-dihydroxykessane (16), oxy-
torilolide (17), 1p-hydroxy-4(15),5E,10(14)-germacratriene (18),
and 4a,5,6,7,8,8a-hexahydro-4,8a-dimethyl-6-(1-methylethenyl)-
2(1H)-naphthalenone (19).5”

In another study, the fruit methanolic extract was parti-
tioned with Et,O (diethyl ether), AcOEt, and aqueous residue.
The ether fraction was then chromatographed in a Hex: AcOEt
gradient as eluent system, the sesquiterpenoids 4(15)-eudes-
mene-1p,6a-diol (20); 4(15)-eudesmene-1f,5-diol (21); 4a,15-
epoxyeudesmene-1p,6a-diol (22), 3(12),7(13),9(E)-humulatriene-
2,6-diol (23) were subsequently isolated and identified; in
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Table 2. Secondary metabolites isolated from T. japonica.

Chrysoeriol 7-O-neohesperidoside

Compounds Type Plant  Extraction Chromatographic techniques Ref.
part solvent
Torilin (syn. 8,11-dihydroxy-4 Guaiane-type dried CHCl;: CC [n-Hex-AcOEt (1-50%)] [29]
guaien-8-angeloyl-11-acetyl-3-one) sesquiterpene Fr MeOH
(50:50 v/v)
MeOH CC [AcOEt-MeOH (nd)] [28]
(70%)
MeOH CC [n-Hex; n-Hex-AcOEt (100:1, 50:1, 25:1,10:1,5:1,  [44]
3:1,2:1,1:1,1:0)]
CC [CHCl;-MeOH (30:1)]; CC [CHCl;-MeOH (35:1)]; CC [19]
[n-Hex-AcOEt (3:1)]; CC [n-Hex-AcOEt (1:1)]
CC [CH,Cl,, CH,Cl,-MeOH (19: 1,9:1, 1: 1, MeOH)]; RP-  [45]
MPLC [(n-Hex-AcOEt (10:1, 5:1, MeOH)]
CC [90% MeOH fraction using a CH,Cl,-MeOH step [46]
gradient system as eluent]
CC [n-Hex/ACE (95:5,90:10, 85:15, 80:20, 70:30, 71
60:40, 40:60, 20:80, and 0:100)]; HPLC [MeOH/H,0
(40:60, 75:25)]
CC [MeOH-H,0 (3:7)] [33]
HPLC [CH;CN-H,0 (3:17)]
CC [n-Hex-AcOEt (3:1)] [47]
MeOH CC [n-Hex-ACE (95:5, 90: 10, 85: 15, 80: 20, 70: 30, 60:  [48]
(100 %) 40, 40: 60, 20:80, 0: 100)]
CC [PET-AcOEt (7:1,1:7)] [31]
EtOH CC [CHCl;-MeOH (1:1)]
CC [CHCI;-MeOH (15:1-8:1)]
CC [n-Hex-AcOEt (3:1, v/v)] [49]
EtOH CC [n-Hex-AcOEt (3:1, v/v)] [23]
(75%)
Deangeloyloxytorilin (syn. 18,7a, Guaiane type dried MeOH CC [n-Hex-CHCl, (1:1)]; CC [n-Hex-ACN (30:1)]; HPLC [32]
10a,H-11-acetoxyguaia-4-en-3-one sesquiterpene Fr
1-B-Hydroxytorilin Guaiane-type dried MeOH CC [CHCI;-MeOH (30:1)]; CC [CHCl;-MeOH (35:1)]; CC [19]
1-B-Hydroxytorilin sesquiterpene Fr [n-Hex-AcOEt (3:1)]; CC [n-Hex-AcOEt (1:1)]
11-acetoxy-8-isobutyryl-4-guaien-3-one, Guaiane-type dried CHCl;: CC [n-Hex-AcOEt (1-50%)] [29]
11-acetoxy-8-methacrylyl-4-guaien-3-one, sesquiterpenoid  Fr MeOH
11-acetoxy-8-propionyl-4-guaien-3-one (50:50 v/v)
*Torilolone Guaiane-type dried MeOH CC [CH,CI,/ACE (99:1,97:3,95:5,93:7,90:10, 80 20, 171
*(1a)-1-Hydroxytorilin, sesquiterpenoid  Fr 50:50, and 0:100)]; HPLC [MeOH/H,0 (40:60, 75:25)]
*(1B)-1-Hydroxytorilin, CC [CH,CI,/ACE (95:5, 0:100)]; HPLC [MeOH/H,0
(10,603)-1,6-dihydroxytorilin, (40:60, 75:25)]
11-(acetyloxy)-1,8-dihydroxyguai-4-en-3-one
Voleneol Eudesmane- dried EtOH CC [PET-AcOEt (7:1,1:7)] [14,
type sesquiter- Fr CC [CHCI;-MeOH (1:1)] 31]
penoid CC [CHCI;-MeOH (15:1-8:1)]
4(15)-Eudesmene-1,6a-diol; Eudesmane- Fr MeOH CC [n-Hex-AcOEt (9:1, 7:3, 1:1), AcOEt, MeOH] [14]
4(15)-Eudesmene-1p,5-diol; type sesquiter- HPLC [nd]
4a,15-Epoxyeudesmene-1§,6a-diol penoid
Torilolone; Guaiane-type
20,7,83-Trihydroxykessan; sesquiterpenoid
20,7-Dihydroxykessane
3(12),7(13),9(E)-Humulatriene-2,6-diol Humulane-type
sesquiterpenoid
Epoxytorilinol Guaiane-type dried  MeOH RP-MPLC [MeOH-H,0 (80:20, 0:100)] [30]
sesquiterpene Fr
Elematorilone Eudesmane- semi-preparative HPLC [MeCN-H,O (45:55)]
sesquiterpene
type
Cardinatoriloside Cadinane-type RP-MPLC [MeOH-H,0 (80:20, 0:100)]
sesquiterpene
1B-hydroxy-4(15),5E,10(14)-germacratriene Cardinane-type Hex Sephadex LH-20 [Hex-CH,Cl,-MeOH (10:10:1))
40,5,6,7,8,8ahexahydro-4,8a-dimethyl-6- sesquiterpenes
(1-methylethenyl)-2(1H)-naphthalenone
5,17-B-dihydroxy-de-A-estra-5,7,9,14-tetraene Steroids dried EtOH HPLC [MeCN-H,0 [3:1 v/Vv]] [24]
(Z,2)-9,12-octadecadienoic acid Fatty acid Fr (80%) GC/MS
Furanodiene Germacrene-
type sesquiter-
penoid
Torilolide Germacrene- dried EtOH CC [C4Hg-ACOEL (2:1), n-Hex-AcOEt (7:3), n-Hex- [50]
type sesquiter- Fr AcOEt-MeCN (7:2:1)]; HPLC [nd]
pene
Oxytorilolide Elemane-type CC [C4Hg-ACOEL (2:1), C4Hg: ACOEt-MeCN (10:2:1), n-
sesquiterpene Hex: AcOEt (7:3), n-Hex-AcOEt-MeCN (7:2:1)]; HPLC
[nd]
(3R)-2-hydroxy-methylbutane-1,2,3,4-tetrol Hemiterpenoid fresh MeOH Sephadex LH-20 (MeOH), silica gel [CHCI;-MeOH-H,0 [33]
(2S,3R)-2-methylbutane-1,2,3,4-tetrol Fr (7:3:0.5)] and Lobar RP-8 column (20% MeOH)
(2E)-2-methyl-2-butene-1,4-diol 1-O-B-D-glucopyranoside
(15,25,4R)-2-hydroxy-1,8-cineol 3-D-apiofuranosyl-1-f-D-glucopyranoside Monoterpenoid
glucoside
Quercetin (0.003 %), Luteolin (0.004 %), Kaempferol (0.003 %) Flavonoids nd - HPLC [18]
Apigenin, Chrysoeriol, Luteolin, Apigenin 7-O-glucoside, Apigenin 7-O-apiosylgucoside  Flavonoids dried MeOH HPLC [FA (0.1 % in H,0)-MeCN [40:60%]] [2]
(apiin), Apigenin 7-O-rutinoside, Luteolin 7-O-glucoside, Luteolin 7-O-rutinoside, AP LC/MS/MS [FA (0.05% in H,0)-MeCN (80:20%)]

TLC: thin-layer chromatography; TOL: toluene.

ACE: acetone; ACN: acetonitrile; AcOH: acetic acid; AP: aerial part; C¢Hq: benzene; CC: column chromatography; CH,Cl,: dichloromethane; CHCl,: chloroform; AcOEt: ethyl acetate; EtOH: ethanol; F:
flower; FA: formic acid; Fr: fruit; GC/MS: gas chromatography-mass spectrometry; HEX: hexane; HPLC: high performance liquid chromatography; L: leaf; LC/MS/MS: liquid chromatography with
tandem mass spectrometry; MeCN: acetonitrile; MeOH: methanol; nd: not determined; PET: petroleum ether; R: root; RP- MPLC: reversed-phase medium-pressure liquid chromatography; S: stem;

addition, from the aqueous fraction, torilolone (5); 2a,7,88- HPLC™ asides from isolation ad characterization of other
trihydroxykessan (24), and 2a,7-dihydroxykessane (25) were  sesquiterpenoids comprising voleneol (28),%" furanodiene
isolated." The sesquiterpenes of torilolide (26) and oxytorilo-  (29),*¥ and deangeloyloxy torilin (30).

lide (27) have been purified from the benzene extract via
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Figure 1. Chemical structure of isolated terpenoids from T. japonica.
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Furthermore, other terpenoid derivatives have been re-
ported from the T. japonica fruit including monoterpenoid of
apiosyl-glucoside; (1S,2S,4R)-2-hydroxy-1,8-cineol-3-D-apiofura-
nosyl-1-p-D-glucopyranoside (31), besides three hemiterpenoids
of (3R)-2-hydroxy-methylbutane-1,2,3,4-tetrol (32), (2S,3R)-2-
methyl-2-butane-1,2,3,4-tetrol (33), and (2E)-2-methyl-2-butene-
1,4-diol 1-O-B-D-glucopyranoside (34) (Figure 1).°% Due to few
but rare and interesting sesquiterpenes identified from T.
japonica, particularly torilin derivatives, the fruit alcoholic
extracts can be subjected for further phytochemical studies,
leading to identification of new compounds possessing remark-
able biological effects.

3.1.1. Flavonoid derivatives

Chemical structures of the flavonoids isolated from the T.
japonica aerial parts are demonstrated in Figure 2. Nine flavones
apigenin (35), apigenin 7-O-glucoside (36), apigenin 7-O-rutino-
side (37), apigenin 7-O-apiosylgucoside (apiin) (38), luteolin

(39), luteolin 7-O-glucoside (40), luteolin 7-O-rutinoside (41),
chrysoeriol (42), chrysoeriol 7-O-neohesperidoside (43),” along
with two flavonols quercetin (44) and kaempferol (45)"® have
previously been isolated and identified from this species, whilst
apigenin 7-O-rutinoside (37) and apiin (38) are introduced as
the Torilis genus marker compounds.?¥ Flavonoids, an impor-
tant class of phytochemicals, possess diverse beneficial bio-
activities, specifically well-known significant antioxidant and
anti-tumor activities. Due to identification of few flavonoids
from the plant, further investigations particularly bio-assay
guided approach can lead to identify possibly new flavonoids
with significant bioactivities®>="

3.2. Volatile compounds

The major volatile compounds (>3%) of T. japonica are
summarized in Table 3 and their chemical structures are shown
in Figure 3. Through several phytochemical studies, the essen-
tial oil (EO) composition of the aerial parts was hydro-distillated

Figure 2. Chemical structure of the flavonoids isolated from T. japonica.
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Table 3. Major volatile compounds identified from T. japonica.
Origin Analysed plant part  Extraction type  Yield (%) Major compounds (%) Ref.
China dried AP HD 0.928% (w/w) B-Eudesmene (22.87), Eudesm-7(11)-en-4-ol (12.95), a-Selinene (12.94), [13]
Eudesm-7(11)-en-4-ol (10.42), B-Elemene (8.22), Caryophyllene oxide (3.87),
B-Cubebene (3.85), Caryophyllene (3.59)
Japan fresh AP and Fr ND 0.08-0.26% (w/w)  Germacrene D (57.9-71.8%), a-Humulene (2.4-13.2%), [38]
Bicyclogermacrene (1.9-5.4%), -Caryophyllene (1.5-4.6 %),
6-Cadinene (1-1.9%)
India fresh AP HD 0.02% (v/w) Germacrene D (25.86 %), a-Humulene (14.64 %), 3-Caryophyllene (11.33 %), [39]
Nootkatone (10.80 %), Caryophyllene oxide (5.07 %), (E, E)-a-Farnesene (4.09)
Poland  dried Fr HD 0.25% (w/w) 1,6-Germacradien-5-ol (38.46), 3-elemene (18.12), f-Caryophyllene (11.02), [21]
Germacrene D (9.33), a-Germacrene (8.29)
AP: aerial part; Fr: fruit; HD: hydrodistillation; ND: not determined.

e

57 58 59

0l :
",
H H
4 50

9
oo
(@]
0

55

Al

. 64 65

Figure 3. Chemical structures of the major secondary metabolites from T. japonica essential oi.

and analyzed using gas chromatography coupled with flame
ionization (GC-FID) or mass spectrometry detectors (GC/MS).
The major secondary metabolites distributed in China were
reported as sesquiterpenes -eudesmene (46), a-selinene (47),
eudesm-7(11)-en-4-ol (48), B-elemene (49) caryophyllene oxide
(50), and p-cubebene (51), with the highest yield 0.928% (w/
w),"¥ whereas germacrene D (52), a-humulene (53), B-caryo-
phyllene (54), nootkatone (55), caryophyllene oxide (50), and (E,
E)-a-farnesene (56) were identified from the plant grown in
India and Japan.*®*¥ Other minor compounds have also been
identified as aristolene epoxide (57), a-caryophyllene (58),
(+)-a-cyperone (59), tricyclo®***"'undecan-3-ol, 2-methylene-
6,8,8-trimethyl- (60), isoaromadendrene epoxide (61), humulene
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epoxide Il (62), and a-vetivone (63)."**? Many researchers
showed the ecological impacts on quantity and quality of the
phytochemicals. Indeed, plants try to adapt themselves against
various abiotic and biotic stressors via regulating production of
the most beneficial secondary metabolites in specific growth
conditions.***? The major volatile compounds of the plant’s
fruit grown in Poland were reported as sesquiterpenes hydro-
carbons (48.8%) and alcohols (38.4%), predominantly including
1,6-germacradien-5-ol (64), [-elemene (49), P-caryophyllene
(54), germacrene D (52), a-germacrene (65), and a-humulene
(53).2" Overall germacrene D is introduced as the predominant
plant’s volatile component. Although its biological role in plants
is still un-recognized, proposing its precursor function for
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biosynthesis of other sesquiterpenes (e.g., cadinenes), it has
been suggested to possess anti-herbivore effects particularly
insecticidal activity against mosquitoes.””

4. Biological activity of Torilis japonica and its
components

4.1. Anti-Viral Properties

Acute hepatitis initiated by hepatitis A virus (HAV), an RNA virus
of the family Picornaviridae, is a global health issue.”" In a study
conducted by Seo etal. (2017), the antiviral activity of T.
japonica and 15 herbal extracts were examined by plaque assay
on FRhK-4 cells at doses of 10 and 50 pg/mL for each extract.”?
Ten herbal extracts showed significant anti-HAV activity without
exhibiting cytotoxicity and the T. japonica extracts reduced HAV
titer by 1.90+0.33 logs.

4.2. Antimicrobial and anti-protozoal activities

In food sterilizing, inactivating endospores bacteria like Bacillus
subtilis is crucial to maximize quality and safety. Therefore,
applying medicinal herbs as food preservatives are promising
strategy. Cho et al. (2007) assessed the anti-microbial activity of
37 medicinal plants used in traditional medicine in China and
Korea against B. subtilis spores.>*® They found that ethanolic
extracts of 13 herbs including T. japonica at concentration 1%
(w/v) have high sporicidal activity and reduced spore count by
99%. The ethanolic extract diminished the spore concentration
by 3 log cycles and the vegetative cell concentration to lesser
than the detection level. Torilin also decreased vegetative cells
and spores counts by 5 to 6 and 1 order of magnitude,
respectively. In another study, the T. japonica ethanolic extract
and UV irradiation at a wavelength of 254 nm was used to
study their synergistic effects on the inactivation of B. subtilis
spores.”” The UV irradiation alone reduced the level of spores
count by 3.6- and 4.7-log cycles at time exposure of 3 and
10 min at an irradiation distance of 15 cm, and it was 3.0-log
cycles for 1 h of treatment with the ethanolic extract at
concentration 1% (w/v). In the presence of 1% ethanolic
extract, the energy required for inactivating the spores by UV
irradiation was reduced to 50%, the level of spores count
reached 4.2-5.0-log at time exposure of 3 min.

In a study, anti-microbial activity of the T. japonica extract
against Escherichia coli was investigated in Piglets.*™ The results
demonstrated that the additive T. japonica extract had effects
on the suppression of E. coli-induced lesions, and suggested
that the additive could be applied as the alternative material for
anti-microbial feed additives. In two separate studies, the EO
attained from the plant aerial part and its antimicrobial effects
were evaluated against different microorganisms.'** The EO
showed moderate anti-microbial activity against bacteria
including S. aureus, E. coli, L. monocytogenes, Sh. dysenteriae, S.
typhimurium, V. parahemolyticus, K. pneumonia, S. enterica, E.
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coli, P. vulgaris, P. aeruginosa, while the B. subtilis was the most
sensitive bacteria against the EO with ZI: 84+0.14 mm, MIC:
0.16 uL/mL. The EO also presented moderate activity against C.
albicans (ZI: 9.67 £0.29 mm, MIC: 175 pL/mL) and P. guilliermon-
dii (ZI: 7.67 £0.05 mm, MIC: 175 uL/mL).”¥ This moderate effects
might be related to the sesquiterpenes enriched in the EO,
since antimicrobial effects of these compounds have formerly
been documented.®®

Some bacteria strains such as S. aureus can produce a
biofilm in the presence of immune cells or antibiotics to combat
the situation. A biofilm contains extracellular DNA, polysacchar-
ides, and proteins that protect bacteria from the external
environment.®” Therefore, preventing biofilm formation around
bacteria with plant extract is a good strategy for controlling
infections. Kim et al. (2022) experimented inhibitory activity of
the T. japonica ethanolic extract towards biofilm production in
methicillin-resistant S. aureus (MRSA) KCCM 40511, MRSA KCCM
40510, and methicillin-sensitive S. aureus (MSSA) KCTC 1927.22
The result presented that the T. japonica extract inhibited
biofilm formation in all strains and suppressed virulence factor-
related gene expression in MRSA and MSSA strains, suggesting
that the extract could be helpful for the treatments of infections
produced by antibiotic-resistant S. aureus.

Neospora is an obligate intracellular parasite that was first
isolated from dogs in 1984 and it is a common cause of
abortion in wildlife.**** Youn et al. (2003) analyzed the in vitro
anti-protozoal activity of the ethanolic extract of T. Japonica
against T. gondii, and N. caninum tachyzoites in concentrations
ranging from 625 to 19.5ng/mL® The ethanolic extract
suppressed N. caninum proliferation by 97.8, 97.9, 85.3, and
46.4%, and T. gondii proliferation by 99.3, 95.5, 73.0, and 54.0%
in the range 156 to 19.5 ng/mL. In order to finding out the
responsible fractions for the anti-protozoal activity, all fractions
were separated with HPLC and their activity was assessed
in vitro against N. caninum, and T. gondii.” One fraction of the
ethanolic extract inhibited N. caninum proliferation by 98.3,
95.5, 79.7, 30.6%, and T. gondii proliferation by 99.2, 94.4, 88.6,
and 27.0% ranging 2.850 to 0.356 ng/mL. In another study,
active components of the T. japonica extracts were isolated
using HPLC, and the anti-neosporal activity of each fraction was
investigated against N. caninum.”?* All HPLC fractions showed a
better levels of the anti-neosporal effect compared to the
control group. The abovementioned effects can be caused by
torilin and its derivatives, due to its predominance in plant
ethanolic extract. The anti-coccidial activity of aqueous extract
of 15 herbs, including T. japonica, were evaluated against
Eimeria tenella in chicks by Youn and Noh (2001). The T.
japonica extract showed anti-protozoal efficacies, initial weight
gains, and enhanced survival rates compared to the infected
control group.®”

4.3. Antioxidant activity
Natural antioxidant agents through acting as free radical
scavengers deteriorate the level of oxidative damage and might

combat several degenerative disorders such as cancers, and
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cardiovascular disease, and are substitute constituents to
artificial additives including butylated hydroxytoluene (BHT) in
food industry.® Oh etal. (2014) evaluated the antioxidant
activity of the T. japonica aqueous extract and found that it
could scavenge DPPH radical in a dose-dependent manner up
to 63.8%. Oh etal. (2014) assessed the antioxidant activity of
the methanolic extract assessed by ABTS assay reporting less
than 50% of the effect.®”

Flavonoids isolated from T. japonica demonstrated antiox-
idant and antidiabetic activities.®** Quercetin (44) was
reported as the most potent flavonoid against two diabetes
enzymes a- glucosidase and a-amylase.**®” Since the plant
extracts are described to be rich in several flavonoids specially
flavones and flavonols, considering significant antiradical effects
of these compounds, different plant products including plant
extracts can be options for development of food supplements.

4.4. Anticancer properties

Cancer is one of the main reasons for death, especially in
developed countries. Recently, studies on the natural products
for treating cancers gained more attention and T. japonica
presented therapeutic effects against several types of cancer
comprising lung, breast, and colorectal cancers.

The anti-melanogenesis activity was carried out on 13
sesquiterpenes (1, 5, 6, 10-19) using MTT assay (Table 4).
Among the sesquiterpenes tested, torilin exhibited the most
inhibitory effect on melanin production while compounds 6, 13,
17-19 showed the lowest inhibitory effect. The presence of
angeloyl moiety in the guaiane skeleton was reported essential
for inhibitory activity, also the presence of functional groups
such as hydroxy on carbon 2 reduces the inhibitory effect.F**®
Moreover, torilin was introduced as anti-tumor agent. In Kim
etal. studies, torilin indicated anti-angiogenic properties of
vascular endothelialcells,“*® anti-abnormal metastasis in A549
lung cancer cells®® and reversing multidrug-resistance in cancer
cells.* Apigenin (35) and apigenin 7-O-glucoside (36) isolated
from this plant showed antifungal and cytotoxic activity.®”

In another study, cytotoxicity of torilin (1) and five guaiane
sesquiterpenoids namely torilolone (5), (1f3)-1-hydroxytorilin (6),
(Ta)-1-hydroxytorilin (7), 11-(acetyloxy)-1,8-dihydroxyguai-4-en-
3-one (8), and (10,6p)-1,6-dihydroxytorilin (9) were evaluated
against MCF-7 (breast cancer) and LLC (Lewis lung carcinoma)
cell lines using MTT assay. Compounds of 1, 6 and 7 revealed
cytotoxic activity against the LLC cells while none of the
compounds were significantly toxic against the MCF-7 cells.""”

One of the critical factors in abnormal metastasis of lung
cancer cells is the over-activity of the epidermal growth factor
receptor (EGFR). Kim et al. (2017) experimented the inhibitory
effect of the T. japonica extract of EGFR in A549 lung cancer
cells, and the mechanism of expression suppression of
abnormal metastasis-related factors via translocation to the
cancer cell nucleus. The result presented that treatment of the
T. japonica extract could inhibit the EGFR signalling pathway,
co-binding with Stat3 and dimer formation, and suppress the
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expression of cancer cell abnormal metastasis and metastasis-
related factor in comparison with the EGF-stimulated group.’®®

Angiogenesis and invasion of tumor cells contain several
mechanisms including embryonic development, tissue regener-
ation, invasion of extracellular matrix, and invasion of the blood
vessel wall leading to degradation of extracellular matrix and
basement membrane.” Kim et al. investigated the anti-angio-
genic and anti-invasive activity of torilin via in-vitro, and in-vivo
assay systems."®”" The result showed that torilin reduced basic
fibroblast growth factor-induced vessel formation and neo-
vascularization of chick embryos in the chorioallantoic mem-
brane assay in the mouse Matrigel plug assay. It diminished
tube formation and the proliferation of human umbilical vein
endothelial cells and down-regulated the expression of insulin-
like growth factor-Il and hypoxia-inducible vascular endothelial
growth factor.*®

Torilin inhibited HT1080 cell invasion in a time-dependent
order in an in-vitro Transwell invasion model and reduced the
expression and activity of matrix metalloproteinase-9. It also
blocks the intravasation of HT1080 cells inoculated on the
chorioallantoic membrane of chick embryos.”” These results
suggested that torilin has potent anti-angiogenic and anti-
invasive activity and might be used in cancer chemotherapy.
One of the main problems related to cancer chemotherapy is
multidrug resistance (MDR) which is responsible for more than
90% of deaths in cancer patients receiving chemotherapeutics
medicine. Several mechanisms are behind the MDR, such as
increasing efflux of drugs due to the overexpression of P-
glycoprotein (Pgp) in plasma membranes of resistant cells,
augmented DNA repair capacity, raised metabolism of xeno-
biotics, and genetic factors.”? Therefore, inhibition of these
mechanisms enhances the therapeutic efficacy of drugs admin-
istered in tumor treatment. In a study, multidrug resistance
reversing effects of the T. japonica methanolic extract was
investigated through multidrug resistance KB—V1 and drug-
sensitive KB-3-1."*' The result shows that the extract signifi-
cantly potentiated vinblastine cytotoxicity in KB—V1, while its
cytotoxicity to both multidrug resistance KB—V1 and drug-
sensitive KB-3-1 were in the same order of magnitude. In
another study, MDR caused by vinblastine, colchicine, adriamy-
cin, and taxol was abrogated by torilin on multidrug resistant
MCF7IADR and KB—V1cells.*

Nakano et al. (1998) looked for antiproliferative compounds
among the Umbelliferae plant and checked their activities
through MTT assay against the tumor cell lines B16F10, Hela,
and MK-1. The MeOH extract of the T. japonica fruit exhibited B/
BO values of less than 50% at 250 times dilution, and it showed
remarkable antiproliferative activity against tumor cells.” Jung
and Ghil (2010) evaluated the antiproliferative activity of
methanolic extract of T. japonica towards the U87MG human
glioblastoma cell lines, discovering their molecular mechanisms
underlying activity.”) The MeOH extract suppressed cell prolifer-
ation in a dose- and time-dependent manner, induced
apoptotic cell death and S-phase cell cycle arrest. It also
inhibited cell proliferation and the expression of cell cycle
regulatory proteins such as E2F1, cyclin A, and cyclin-dependent
protein kinase 2.
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Table 4. Biological activities of the Torilis japonica extracts and its pure compounds.
Activity Assayed ex- Measure of Assay Outcomes Cell lines/Strain/Model Ref.
tract /com- activity
pound
Hepatitis A virus MeOH Ex. (10,50, 100)  MTT and plaque assay MeOH Ex. showed significant activity against HAV  FRhK-4 cells/ in-vitro [51]
ug/mL and reduced HAV titer 1.904+0.33 logs.
Coronavirus MeOH Ex. 50 pg/mL Plaque assay, Northern and Western blot The extract decreased intracellular viral RNA MHV—A59, MHV-JHM, PEDV, [52]
analyses levels with a comparable reduction in viral VSV/ in-vitro
proteins and MHV—A59 production by inducing
cyclooxygenase-2 expression via p38 or ERK.
Antibacterial 75% EtOH Ex./ 1% (w/v) Antimicrobial assay The EtOH Ex. diminished the spore concentration ~ ATCC 6633 spores and vegeta- [23,
Torilin by 3 log cycles and the vegetative cell concen- tive cells of B. subtilis/ in-vitro 53]
tration to lesser than the detection level. Inacti-
vation of EtOH Ex. at a dosage of 0.1 and 0.5-
1.0% were 100- and 1000-fold (reduction of 99
and 99.9%), respectively. Torilin decreased vege-
tative cells and spores counts by 5 to 6 and 1
order of magnitude, respectively.
EtOH Ex. 1% (w/v) Sporicidal activity Better reduction of Bacillus spores at different ATCC 6633 B. subtilis cells/ in- [54]
and UV,g, ir- growth stages was achieved (4.2-5.0-log) with vitro
radiation the combined treatment of UV,s, and EtOH Ex.
than UV irradiation (3.6- and 4.7-log cycles) and
EtOH Ex. (3.0-log cycles) alone. The energy
required from UV irradiation was 50% lower in
the presence of 1% EtOH Ex.
TJ Ex. ND Clinical signs, weight increase rate, Fecal TJ Ex. additive have the effects on suppression of  E. coli/ in-vivo in Piglet [55]
scores, Gross findings E. coli-induced lesions
EO of aerial 5 pL of the Agar disk diffusion method and Broth The EO was effective against S. typhimurium (ZI: S. aureus, B. subtilis, E. coli, L. [13]
part pure EO microdilution bioassay 16.540.07 mm, MIC >7.5 pL/mL), B. subtilis monocytogenes, Sh. dysenteriae,
(ZI:8+0.14 mm, MIC: 0.16 pL/mL), and L. mono- S. typhimurium and V. para-
cytogenes (ZI: 7.5+0.07 mm, MIC >7.5 pL/mL). hemolyticus
EO of aerial 5to Agar well diffusion method The EO displayed moderate activity against E. K. pneumoniae, S. aureus, S. [39]
part 1000 pL/mL coli(ZI: 11.67 +0.15 mm, MIC:150 pL/mL), S. aur- enterica, E. coli, P. aeruginosa,
eus (ZI: 9.67 +0.12 mm, MIC:175 pL/mL), P. aeru- and P. vulgaris
ginosa (Z1:10.33+£0.14 mm, MIC: 150 pL/mL), P.
vulgaris (ZI: 9.67 +0.04 mm, MIC: 150 pL/mL), K.
pneumonia (ZI: 8.33 £0.30 mm, MIC:150 pL/mL),
and S. enteric (ZI: 8.67 +0.06 mm, MIC: 175 uL/
mL).
95% EtOH Ex. 0to 100 pg/  Hemolysis assay, and Biofilm assay TJE can inhibit biofilm formation and virulence metbhicillin-sensitive S. aureus [22]
mL factor-related gene expression in MRSA and (MSSA) KCTC 1927, methicillin-
MSSA strains. resistant S. aureus (MRSA)
KCCM 40510, and MRSA KCCM
40511
Anti-fungal EO of aerial 5to Agar well diffusion method The EO presented moderate activity against C. P. guilliermondii, and C. albi- [39]
part 1000 pL/mL albicans (ZI: 9.67 £0.29 mm, MIC: 175 pL/mL) and  cans
P. guilliermondii (ZI: 7.67 +0.05 mm, MIC:175 uL/
mL)
Anti-protozoal EtOH Ex. 625 to in-vitro cultures EtOH Ex. inhibited N. caninum proliferation by T. gondii and N. caninum/ in- [60]
19.5 ng/mL 97.8, 97.9, 85.3, and 46.4% and T. gondii prolifer- vitro
ation by 99.3, 95.5, 73.0, and 54.0% in the range
from 156 to 19.5 ng/mL.
EtOH Ex. 2.850 to in-vitro cultures One fraction of EtOH Ex. inhibited N. caninum T. gondii and N. caninum/ in- [25]
0.356 ng/mL proliferation by 98.3, 95.5, 79.7, and 30.6% T. vitro
gondii proliferation by 99.2, 94.4, 88.6 and 27.0%.
80% EtOH Ex./  2.85 ng dry in-vitro cultures all HPLC fractions showed a better level of anti- N. caninum / in-vitro [24]
furanodiene weigh/well neosporal activity compared to the control
and two along with group.
others com- serial dilu-
pounds tions
Water Ex. 6-30 9/ Survival rates, Lesion scores, body weight Survival rates with water Ex. in the treated Eimeria tenella/chicken/ in-vivo [61]
1000 mL gains, Bloody diarrhea, and Oocysts ex- groups were higher (90%) than in the infected
cretions control group (70%), and excreted oocysts were
93,000/g of feces with Ex. vs. control group
(227,000/g of feces). No significant difference in
body weight gains was observed between the
Ex. and control groups.
Antioxidant Water Ex. (5, 100) pg/ DPPH assay Water Ex. scavenged DPPH radical in a dose- In-vitro [62]
mL dependent order up to 63.8%.
MeOH Ex. (10, 50) pg/ ABTS assay The antioxidant activity of MeOH Ex. was less
mL than 50%, and it was significantly higher at
50 mg/mL than 10 mg/mL
Cancer chemother- TJ Ex. ND Invasion assay, CAM assay, and 3D cell TJ Ex. regulate the EGFR signaling pathway and A549 lung cancer cells/ ex-vitro  [68]
apy culture method suppress its activity via the targeting of EGFR
MeOH Ex./tor- ND MTT assay Compounds torilin, (1b)-1-hydroxytorilin, and MCF-7 and LLC cells 71
ilin and several 1a)-1-hydroxytorilin displayed cytotoxic effects
compounds against the LLC cells with ICs, values of 31.3, 32.5,
and 34.0 ug/mL, respectively
MeOH Ex./ tor- ND Sulforhodamin B bioassay The isolated compounds displayed moderate A549, SK-OV-3, SK-MEL-2, and [19]
ilin, 1B-hydrox- cytotoxicity against the selected human cancer HCT15 tumor cells.
ytorilin, 1a-hy- cells
droxytorilin
95% EtOH Ex. (20, 40 Caspase-3 activity assay, MTT assay, West-  The EtOH Ex. regulate the AMPK/p38 signalling HCT116 colorectal cancer cells/  [6]
60, 80) ern blot analysis pathway and induce apoptosis in cells led to in-vitro, in-vivo
ng/mL knock down p53 using siRNA. It also regulated
apoptosis related-proteins and induced apoptosis
in an HCT 116 xenograft model in an in-vitro
study.
MeOH Ex./ 50 uL ELISA and MTT assay MeOH Ex. exhibited B/BO values of less than 50%  MK-1, HelLa, B16F10/ in-vitro [74]
polyacetylenic at 250 times dilution and high antiproliferative
compounds activity against tumor cells.
MeOH Ex. 0-100 ug/ MTT assay and Western blot analysis MeOH Ex. induced apoptotic cell death and S- U87MG human glioblastoma [3]
mL phase cell cycle arrest. It also inhibited cell cell lines/ in-vitro
proliferation and the expression of cell cycle
regulatory proteins, such as E2F1, cyclin A, and
cyclin-dependent protein kinase 2.
MeOH Ex. ND in vitro drug sensitivity MeOH Ex. significantly potentiated vinblastine KB—V1 and KB-3-1 cell [73]
cytotoxicity in KB—V1 cells.
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Table 4. continued
Activity Assayed ex- Measure of Assay Outcomes Cell lines/Strain/Model Ref.
tract /com- activity
pound
MeOH Ex./ Tor-  2-20 pg/mL in vitro drug sensitivity Torilin potentiated the cytotoxicity of vinblastine, ~ KB—V1 and MCF7IADR cells/ in- ~ [45]
ilin colchicine, adriamycin, and taxol against multi- vitro
drug resistant MCF7IADR and KB—V1 cells.
Torilin ND CAM assay, in-vivo mouse Matrigel plug Torilin reduced basic fibroblast growth factor- chick embryos, HUVECs cell, [46]
assay, (Q-CAM) assay, Tube formation induced vessel formation and neovascularization HepG2 human hepatoblasto-
assay, MTT assay of chick embryos in the chorioallantoic mem- ma cells/in-vivo and in-vitro
brane assay in the mouse Matrigel plug assay. It
diminished tube formation, and the proliferation
of human umbilical vein endothelial cells and
down-regulated the expression of insulin-like
growth factor-Il and hypoxia-inducible vascular
endothelial growth factor.
Torilin 25uM MTT assay, Western blot analysis Torilin blocks invasion of HT1080 cells in-vivo and ~ HT 1080 and HUVECs cell/ in- [71]
in-vitro. It also reduces the adhesiveness of vitro and in-vivo
HT1080 to HUVEC cells and the activity and
expression of MMP-9.
Hyperpigmentation =~ MeOH Ex./ Ex. (50 pg/ Western blot analysis The extracts downregulate a-MSH-induced pro- B16 melanoma cells/in-vitro [48]
disorders AcOEt and aq. mL) and tein levels of tyrosinase in B16 cells. Torilin
Fr./ Torilin 10 nM a- suppress (ICs, =25 pM) melanin production.
MSH for
72 h
Torilin and Tyrosinase inhibitory assays and MTT Some isolated compounds inhibit a-MSH-acti- B16 melanoma cells/in-vitro [30]
several com- assay vated melanin production in B16 melanoma cells
pounds with ICs, values from 72.9 to 191.0 uM.
Skin photoaging TJ Ex. (25, 50) pg/ MTT assay, Western blot analysis TJ Ex. efficiently decreased UVB-induced MMP-3 human dermal fibroblasts [81]
mL and MMP-1 protein and mRNA levels. It also (HDFs)/ in-vitro
blocked the UVB-induced activation of MAPK
(p38 and JNK) and transcription factors (NF-«xB
and AP-1).
Red ginseng 0.5and 1% Real-time PCR analysis and HPLC dietary supplementation enhanced the epider- Albino mice /in-vivo [92]
Ex. mixed with  Red ginseng mal level of ceramides together with the ele-
TJ and Corni Ex. vated expression of SPT protein.
fructus
Anti-inflammatory EtOH Ex. Tf-EE (0- The Griess assay and Prostaglandin Tf-EE significantly suppressed the inflammatory RAW264.7 cells/ in-vitro [83]
75 mg/mL) (PGE2) ELISA assay response of macrophages, like PGE2 production
and LPS and lipopolysaccharide (LPS)-induced nitric oxide
(1 mg/mL). (NO) with ICs, values of 62.47 and 35.66 mg/mL,
respectively. Anti-inflammatory activity of Tf-EE
triggered by inhibition of the Src/ NF-jB pathway
Hex, AcOEt, (10, 50) pg/ Nitrite assay, Western blot analysis The expression of iNOS protein is inhibited in RAW264.7 cells/ in-vitro [84]
and BuOH Ex. mL LPS-activated macrophages by the AcOEt frac-
tion.
MeOH Ex./ 60 - Carrageenan-induced paw edema MeOH Ex. and Hex Fr. had anti-edematous in the  Rat and mice/in-vivo [85]
(DW, BuOH, 1000 mg/kg rat at (500 - 1000 mg/kg p.o.) and (237 mg/kg
AcOEt, Hex, P.O. p.o.), respectively. Hex Fr. presented inhibitory
Chl) Fr. activity at 77 mg/kg p.o. on vascular permeability
in mice, at 120 mg/kg p.o. on adjuvant arthritis in
rats, and 8 mg/pouch on leucocyte emigration in
rats.
Hex Ex./ Torilin 30, 90 and Acetic acid-induced and phenylgiunone Torilin showed strong anti-carrageenan activity Mice and rat/ in-vivo [27]
270 mg/kg induced writing syndrome, Tail pressure at P.O. of 90 and 270 mg/kg and increased the
P.O.and 3 method, and Randall-Selitto method pain threshold in rats.
and 9 mg/
rat SC.
Torilin 6.25-25 UM Immunoprecipitation and In Vitro TAK1 Torilin inhibited cytokines and inflammatory RAW 264.7 cells/in-vitro [26]
Kinase assays, Electrophoretic mobility mediators by inhibition of AP-1, TAK1-mediated
shift assay, Transient transfection Lucifer- MAPK, and NF-xB activation
ase assay, Enzyme-linked immunosorbent
assay.
Contact dermatitis aq. Ex. (10, 50) pg/ Histamine assay aq. Ex. of TJ stopped infiltration of inflammatory DNCB-induced contact derma-  [7]
mL cells and attenuated release of histamine from titis in BALB/c mice/ in-vivo
DNCB induced CD models. It also repressed the
expression of Th2-type cytokines and chemokine.
Anti-wrinkle DW, BuOH, 1-5 ppm MTT assay Cell viability for all fractions was 84-102%. Active  human dermal fibroblast/ in- [90]
AcOEt, Hex Fr./ forms of MMP-1 were decreased, and collagen vitro
Torilin synthesis was increased in all fractions, especially
in the torilin-treated group.
Anti-arrhythmic Torilin 0-10 uM Gigaohm-seal patch clamp method Torilin inhibits the kinetics of the hKvl.5 channel Ltk cells/in-vitro [47]
in voltage and - time manners, with an ICs,=2.51
+ 034 uM.
Anti-obesity 70% EtOH Ex. 100 pg/mL Oil Red O assay, Western blot analysis 70% EtOH Ex. meaningfully inhibited intracellular ~ 3T3-L1 pre-adipocytes cells/in-  [91]
triglyceride level and adipocyte differentiation vitro
via decreasing protein expression of C/EBPa,
PPARY, and ACC phosphorylation.
Benign prostate hy- ~ MeOH Ex./ Tor- (25, 50, Reaction mixture Torilin presented a strong inhibition (ICs, = Male Sprague-Dawley rat/in-vi-  [44]
perplasia ilin, (-)-guaiol, 100) pg/mL 31.7+£4.23 uM) against 5a-reductase than a- tro
guaiazulene linolenic acid (IC5, = 160.3 +24.62 uM) lower
and azulene than finasteride (IC5, = 0.3840.06 puM).
ND: not determined, MeOH: methanol, EtOH: ethanol, Hex: hexane, DW: distillate water, Chl: chloroform, BuOH: butanol, AcOEt: ethyl acetate, aq: aqueous, Ex.: extract, Fr.: fraction, TJ: Torilis
Jjaponica, EO: essential oil, MHV: mouse hepatitis virus, JHM: john howard mueller, PEDV: porcine epidemic diarrhoea virus, VSV: vesicular stomatitis virus, B. subtilis: Bacillus subtilis, S. aureus:
Staphylococcus aureus, E. coli: Escherichia coli, L. monocytogenes: Listeria monocytogenes, Sh. Dysenteriae: Shigella dysenteriae, S. typhimurium: Salmonella typhimurium, V. parahemolyticus: Vibrio
parahemolyticus, K. pneumoniae: Klebsiella pneumoniae, S. enterica: Salmonella enterica, MSSA: methicillin-sensitive S. aureus, MRSA: methicillin-resistant S. aureus, P. aeruginosa: Pseudomonas
aeruginosa, P. vulgaris: Proteus vulgare, P. guilliermondii: Pichia guilliermondii, C. albicans: Candida albicans, T. gondii: Toxoplasma gondii, N. caninum: Neospora caninum, ZI: zone of inhibition, MIC:
minimum inhibitory concentration, CAM assay: chorioallantoic membrane assay, Q-CAM assay: quantitative chorioallantoic membrane assay, LPS: lipopolysaccharide, LLC: lewis lung carcinoma
cells, MCF-7: human breast cancer cells, SPT: serine palmitoyl transferase, P.O.: oral administration, SC.: subcutaneous, Tf-EE: Torilidis fructus ethanol extract, iNOS: inducible nitric oxide synthase,
HPLC: high performance liquid chromatograph.

cancer cells (MCF-7). Non of compounds exhibited meaningful
cytotoxicity against the MCF-7 cells, while 1a-hydroxytorilin, 1f-

In a study, six isolated compounds from the T. japonica
fruits were experimented against LLC cells, and human breast
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hydroxytorilin, and torilin showed effect against the LLC cells
with ICy, values of 34.0, 32.5, and 31.3 ug/mL, respectively."” In
another study, these abovementioned compounds displayed
moderate cytotoxicity against the selected human cancer
cells."? Indeed sesquiterpenes enrichment may be responsible
for the potencies. Many studies reported anticancer effects of
sesquiterpenes,”>”® however more focused studies are recom-
mended to identify plant’s anti-tumor constituents.

4.5. Hyperpigmentation disorders

Melanin is a dark pigment of hair and skin created by
melanogenesis in melanocytes.”” Several factors including
tyrosinase, a-melanocyte stimulating hormone (a-MSH), cyclic
adenosine monophosphate (cAMP)-elevating agents, ultraviolet
(UV), and phytochemicals are involved in the biosynthesis of
melanin.”®”® Abnormal accumulation of melanin causes critical
cosmetic problems such as melasma and freckles;®*” therefore,
discovering new melanogenesis inhibitors are vital in the
cosmetic industry. Yun etal. (2009) stated that torilin might
suppress melanin production in a dose-dependent manner in
a-melanocyte stimulating hormone (a-MSH)-activated B16
melanoma cells with an 1C5, value 25 uM, while arbutin, as
positive control, inhibited a-MSH-induced melanin production
with an 1C,, value of 170 pM."*®

To better understand the mechanism underlying treating
hyperpigmentation disorders, similar study was accomplished
on torilin and other T. japonica constituents.*® In which torilin
demonstrated the highest melanin production inhibition with
an 1Cs, value 64.6 uM, while the other two guaiane-type, two
cardinane-type, and one elemane-type sesquiterpenes exhib-
ited moderate inhibitory activity (ICs,>300 pug/mL). The study
proposed that the inhibitory effect is related to the functional
group on compounds not the sesquiterpene skeleton, and
constituents inhibited melanin production through downregu-
lating tyrosinase levels, not by inhibiting tyrosinase activity.

4.6. Skin photoaging

UV radiation is the main factor for a variety of different effects
on the skin and causes photoaging in long-term exposure.”®
Noh et al. (2019) experimented the molecular mechanism and
effect of the T. japonica extract on matrix metalloproteinase
(MMP)-1 and MMP-3 expressions in UVB-irradiated primary
human dermal fibroblasts (HDFs).®" They confirmed that the
plant extract meaningfully blocked the UVB-induced activation
of MAPK (JNK and p38) and transcription factors (AP-1 and NF-
kB) leading to the reduction of UVB-induced MMP-3 and MMP-
1 protein and mRNA levels.

4.7. Anti-Inflammatory Activity

Although inflammatory responses protect the body from
infection initiated by viruses, fungi, and bacteria, severe

Chem. Biodiversity 2023, 20, €202201071 (11 of 14)

diseases such as diabetes, and cancer will not be terminated if
the infectious condition continues;®? consequently, it is crucial
to suppress prolonged inflammation with anti-inflammatory
agents. Park et al. assessed the anti-inflammatory activity of the
fruit ethanolic extract of T. japonica on the macrophage-
mediated inflammatory response.®” The plant product signifi-
cantly inhibited the inflammatory response of macrophages,
including PGE2 production and lipopolysaccharide (LPS)-in-
duced nitric oxide with ICg, values of 62.47 and 35.66 mg/mL,
respectively. It further declined the expression of cyclooxyge-
nase (COX) - 2 and inducible NO synthase (iNOS) by 80 %.

Lee etal. (2005) evaluated the inhibitory activity of NO
production in 82 kinds of herbal extracts by measuring the NO
production in LPS-activated RAW 264.7 cells to identify new
iNOS inhibitors.®¥ The T. japonica methanolic extract showed
93% and 28% inhibitory activity against the LPS-activated NO
production in macrophages in concentrations of 50, and 10 ug/
mL, respectively. It seems that the high activity is caused by
glycosylated sesquiterpenes such as torilin derivatives enriched
in the methanolic extract, however through bio-assay guided
strategy the bioactive constituents can be discovered.

In another study, the fruit methanolic extract demonstrated
significant anti-edematous activity in carrageenan-induced paw
edema in rats and results compared with piroxicam as positive
control. The hexane fraction showed an anti-edematous effect
at 77 mg/kg p.o. and inhibitory effects on vascular permeability
at 77 mg/kg p.o. in mice. It also revealed inhibitory activity on
leucocyte emigration in the rat at 8 mg/pouch and the adjuvant
arthritis model in rats at 120 mg/kg p.0.® In a study, the in vivo
anti-inflammatory properties of torilin were investigated in rats
and mice with different methods. Torilin inhibited the acetic
acid-induced writhing syndrome at doses of 30 and 90 mg/kg
and phenylgiunone induced writing syndrome at doses of 30,
90, and 270 mg/kg in mice. Torilin enhanced the pain threshold
in the Randall-Selitto method and the tail pressure method. It
also demonstrated inhibitory activity on the vascular perme-
ability in mice and a potent anti-carrageenan effect in rats.?”
Endale etal. (2017) performed an invitro study for under-
standing the molecular mechanism of torilin against inflamma-
tion in LPS-stimulated RAW 264.7 macrophages and inves-
tigated its effect on expression levels of inflammatory cytokines
and mediators. Torilin significantly inhibited LPS-induced NO
release, iNOS, NF-a, IL-18, IL-6, COX-2, PGE,, and GM-CSF gene
and protein expressions. It attenuated AP-1 and NF-kB trans-
location, reporter gene transcription, and DNA binding that led
to regulate inflammatory cytokine and mediator expressions.*”
Findings introduced torilin as a potential anti-inflammatory
candidate for further consideration, besides optimization of its
bioactivity can be accomplished through semi-synthetization.
Many sesquiterpenes demonstrated remarkable anti-inflamma-
tory effects particularly sesquiterpene lactones are the widely
investigated derivatives,®®®” while mode of action has been
proposed as they uncoupled the oxidative phosphorylation of
human polymorphonuclear neutrophils;®® subsequently due to
rarely investigation of guaiane-type sesquiterpene including,
anti-inflammatory effect directed studies can be promising.
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4.8. Miscellaneous application of Torilis japonica

Allergic dermatitis (AD) is a chronic inflammatory skin disorder
characterized by eczematous skin lesions, drying, and frequent
itching associated with infiltration of immune cells. The T.
japonica aqueous extract was subjected to examination on
DNCB-induced contact dermatitis (CD) animal models. The
results suggested that topical application of the plant has a
therapeutic effect on AD by attenuating the release of
histamine from DNCB (2,4-dinitrocholrlbenzene)-induced CD
models, prohibiting infiltration of inflammatory cells, and
inhibiting the expression of Th2-type cytokines and
chemokine.®”

Skin wrinkle formations are related to matrix metalloprotei-
nase-I(MMP-1) activity and collagen synthesis. To determine
skin wrinkle-reducing agents in T. fructus, MMP-1 activity,
collagen biosynthesis, and cell viability were evaluated in
human dermal fibroblast with torilin and several fractions of T.
fructus.™ The results demonstrated that collagen synthesis was
enhanced, active forms of MMP-1 were reduced, and cell
viability was exhibited 84-102% in all groups and suggesting
that torilin is the main source of anti-wrinkle agents.

In another study, torilin inhibited testosterone 5a-reductase
enzyme, indeed this enzyme blocking helps to treat androgen-
dependent diseases. Authors suggested that the presence of
angeloyl or acetyl group in guaiane skeleton plays a key role in
enzyme inhibition.*¥ In addition, torilin by blocking hKv1.5
channel current was considered as antiarrhythmic drug for the
arrhythmia treatment.”*”!

Hypertension is a chronic medical condition of increasing
the blood pressure in the arteries, a major risk factor for
myocardial infarction, stroke, heart failure, and peripheral
arterial disease.””” The Kv channels are various groups of
membrane proteins and play a key role in determining the
length of the cardiac action potential, and have become major
targets for antiarrhythmic drugs.*” Kwak et al. (2006) indicated
that torilin can inhibit the hKvl.5 current in time and voltage-
dependent manners with an IC, value of 251 + 0.34 pM at
+60 mV, slowing the deactivation kinetics of the hKv1.5 current
and accelerating the inactivation kinetics of the hKvl.5 channel.
They suggested that torilin might be an open-channel blocker
of the hKvl.5 channel, whereas complementary assays should
be carried out to affirm this claim.””

An experiment assessed the anti-obesity activities of the T.
japonica hydro-ethanolic (70%) extract on the differentiation of
3T3-L1 pre-adipocytes to adipocytes which was evaluated by
western blot analysis and Oil Red O assay. Ethanolic extract at
the concentration of 100 pg/mL significantly inhibited adipo-
cyte differentiation and intracellular triglyceride (TG) levels
compared with control. This study showed that reducing
protein expression of C/EBPa, PPARy, and ACC phosphorylation
might be the mechanism of reduction in TG content.®”

The fruit methanolic extract of T. japonica was investigated
for 5a-reductase inhibitory effect and it displayed significant
inhibition against 50-reductase. The active constituents of the
extracts (torilin: 1Csq = 31.7+4.23 uM, (-)-guaiol: IC5, = 81.6 £
10.15 uM, guaizulene: IC;, =100.8£9.26 pM) presented inhib-
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itory activity and compared with a-linolenic acid (IC;, = 160.3 +
24.62 pM) and finasteride (ICs, = 0.38 +0.06 uM)."*

5. Conclusions

Plants have always been the natural therapeutic options to cure
various human diseases and disorders. The present study has
comprehensively described folk medicinal applications, bio-
logical, and phytochemical aspects of a precious medicinal
plant Torilis japonica. In conclusion, the plant is traditionally
consumed for the treatment of haemorrhoids, uterine tumors,
chronic diarrhea, lymphadenitis, rheumatism, and impotence
particularly in Japanese and Chinese folk medicine.

A wide-range of bioactivities reported for the plant extracts
may be correlated to torilin, a guaiane-type sesquiterpene,
identified as the major constituent of the plant; noteworthy it
has indicated significant suppressing effect against melanin
production even stronger than arbutin, as positive control,
proposing performing further investigations to develop potent
natural therapeutic for the treatment of hyperpigmentation
disorders.

Moreover, flavonoids can be mentioned as phytoconstitu-
ents of the plant, in addition to several sesquiterpenes
characterized as volatile secondary metabolites.

In brief, considerable antioxidant and anti-tumor properties
of the plant and torilin has been documented. Furthermore,
ethanolic extracts of the aerial parts have been reported as
natural antimicrobial agents, to be further considered for
complementary assays.

Due to the potent biological effect of the plant extracts and
isolated compounds assessed in preclinical experiments, further
consideration to evaluate their toxicity and efficacy might lead
to discover natural-based healing alternatives for the exist
synthetic drugs. Bio-assay guided fractionation and isolation
approach is proposed to reach the abovementioned aims;
however, due to terpenic chemical profile of the plant, there
will be a high chance for identifying novel compounds, possibly
with new skeletons.

Moreover, semi-synthesizing of torilin, can potentially
optimize its bioactivities, whereas via further preclinical and
clinical experiments possible drug candidates may be intro-
duced.
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