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ABSTRACT

Genus Anthemis of Family Asteraceae contains mainly flavonoids, sesquiterpene lactones
belonging to germacranolides, eudesmanolides, guaianolides, sterols and essential oils. The
Plants of genus Anthemis have been known to have anti-inflammatory, hepatoprotective
and antioxidant activities due to their rich contents of important physiological and biological
compounds. They are referred to as nature's biological response modifier's and are involved
in energy transfer, photosensitization and morphogenesis. Several clinical studies have
shown that people who take diets rich in flavonoids and sesquiterpenes have reduced risk
of developing cancer and cardiovascular diseases. This article covers most of constituents of
plants of genus Anthemis reported from 2002 up to 2018. Furthermore, the biological activities
of plants of genus Anthemis will be presented.
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INTRODUCTION

Genus Anthemis comprises approximately 210
species 51 of which belong to Turkish flora.
Anthemis is a genus of aromatic flowering plants
closely related to Chamaemelum which is known
as chamomile. Some species are also called dog-
fennel or mayweed. They are endogenous to the
Mediterranean region and southwest Asia east
to Iran. A number of species have also become
naturalized in the United Kingdom and other
parts of the world."? The Anthemidinae consist of
the genus Anthemis with conditional addition of
the monotypic genus Nananthea DC.> All have a
tiny, chaffy scale between each two florets, which
is very small and is considered as a main feature
of the genus Anthemis. The diameter of capitula
is 8-20 mm; the receptacle is solid and its base is
surrounded by an involucres comprising 2-3 rows
of compact and imbricated bracts with scarious
margins. All florets are ligulate, but a few pale yellow
tubular florets occur in the central region. Ligulate
florets are white, dull, lanceolate and reflexed with
a dark brown, inferior ovary, a filiform style and
a bifid stigma; tubular florets have a five-toothed
corolla tube, 5 syngenesious, epipetalous stamens
and a gynoecium similar to that of the ligulate
florets.>?

The genus Anthemis is characterized mainly by
the presence of sesquiterpene lactones, belonging
to germacranolides, eudesmanolides, guaianolides
and flavonoids.*® Constituents of Anthemis
species were proven to exert anti-inflammatory,
hepatoprotective and antioxidant activities.”®
Anthemis species are commonly used in folk
medicine in the treatment of gastrointestinal
disorders, hemorrhoid, dysmenorrhoea and
stomach ache in Turkish traditional medicine.”!
Extracts, tinctures, salves and tisanes from both
aerial and root parts are used as antibacterial,

antispasmodic and for the treatment of inflammatory
diseases in Europe.'>" In June 2014, Yusufoglu et al.
evaluated the antiinflammatory and hepatoprotective
properties of Anthemis scrobicularis in rats against
carrageenan induced inflammation and carbon
tetrachloride (CCl,) induced hepatic injury."* They
found that this plant plays an important role in
increasing the curative capacity of kidney and liver.
In 2014 Bardaweel et al. reported that, Anthemis
palestina exhibited antioxidant and anticancer
activities due to the presence of flavonoids.”
Moreover, it was reported to be active against MCF-
7, MDA-MB-468 and UACC-257 cancer cell lines.'®

Researchers are still working on determining
the biological activities of flavonoids playing an
important role in curing and preventing several
health ailments such as cardiovascular diseases,
diabetes and cancer.'”"® Antioxidants are compounds
that protect cells against the damaging effects of
reactive oxygen species due to reactions with DNA,
proteins and lipids. Flavonoids have been found to
have an additive effect to endogenous scavenging
compounds and because of their potential
therapeutic significance, the number of identified
flavonoids is increasing rapidly and extensive
screening of their actions is being carried out in many
laboratories.’*? This article deals with the previously
separated sesquiterpenes and flavonoids isolated
from a variety of Anthemis plants and published in
periodicals, monographs and other related sources
during the period 2003 till 2018 as shown in Tables
1, 2 and 3. Moreover, examples of illustrative photos
of Anthemis species growing in Lebanon are shown
below in Figures 1 and 2.

It has been reported that different parts of Anthemis
plant (leaf, stem, root, seed) contain many
constituents including flavonoids, sesquiterpenes,
carboxylic acids and other phytoconstituents
possessing diverse pharmacological properties.'**
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Table 1. Previously isolated sesquiterpene lactones from genus Anthemis.

Name Chemical structure Natural source(s) Ref.
1 Faurinone
Anthemis var. discoidea 16
2 Isofaurinone
3 Deacetyl-B -cyclopyrethrosin
A. wiedemannia 2
4 Tatridin A
A. wiedemannia 2
5 1-epi-tatridin B
6 Antheindurolides A. arvensis L.
25
7 6,7Z-dehydro-5,6-dihydroanthecotuloide b A. indurata
o
8 Anthecotuloid A* E I'\\r__{{’
“\m:J 0} ! [/f 4 )‘-‘ 26
B ALAEALA A cotul
9 6,7E-dehydro5,6-Dihydroanthecotuloide A® E K lﬂ\ i conea
A. arvensis L.
10 5-hydroperoxy-6,13-dehydro-5,6-dihydro- 25
anthecotuloide
A. indurata
O
P 26
11 5-0x0-6,13-dehydro-5,6-dihydroanthecotuloide > | o
I
o A. cotula
o 34
12 5-0x0-6,7Z-dehydro-5,6-dihydroanthecotuloide W/\/"’ 27
(o]
28
o Y- A{( : A. pseudocotula
13 8-O-dihydroanthecotuloide W/U
CH
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Name Chemical structure Natural source(s) Ref.
(o]
ol
14 Antheindurolide B b
2,10-Dihydroxy-8-angeloxy-9-acetoxyguaia-3,11(13)-
15 diene-6,12-olide
’ A. alpestris 29
L A. altissima
16 Sivasinolide
17 Altissin (Desacetyl Beyclopyrethrosin ) 30
18 Tatridin-A
A. altissima 30
19 1-Epi-tatridin B
20 1R,10B-epoxy-6-hydroxy-1,10H-inunolide
21 40, 9a-Diacetoxyguaia-2, 1(10), 11(13)-trien-12,
6a-olide.
A. rumelica 31
2 1o, 4B-dihydroxy-11Ha-guaia-2, 10(14)-dien-12, 6
a—olide.
0
23 Nobilin A Anthemis nobilis L. 20
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Table 2. Previously isolated flavonoids from genus Anthemis.

# Name Chemical structure Natural source(s) Ref.
OCH,
H,CO 0 O
1 Salvigenin O |
H,CO
OH O
A. Odontosthephana 3
2 Apigenin
3 Naringenin
OH
4 Quercetin
A. ruthenica 32
33
5 Rhamnetin
33
A. altissima
6 Taxifolin
7
A. rumelica 31
Centauridin
8
Santin

Pharmacognosy Journal, Vol 11, Issue 5, Sep-Oct, 2019

1158



Boukhary, et al.: Review on Chemical Constituents and Biological Activities of Genus Anthemis

9 Kaempferol A. altissima 33
A . 27
10 Pectolinaringenin A. odontostephana 14
1 Patuletin A. tinctoria 35
12 Tamarixetin A. cupaniana 30
13 Jaceosidin
A. stiparum Pomel 26
14 Eupatili
tpatiin A. cotula
A. nobilis. L 34
) 0 0 O
15 Hispidulin MeO OH
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Table 3: Previously isolated phenolic acids from genus Anthemis

# Name Chemical structure Natural source(s) Biological properties Ref.
HQ GOM
r ] ﬁl_ They have potential anti-inflammato- 30
L . A ti-diabetic, antioxidant proper-
1 Clorogenic acid S Ay Hpe >
& Ha (; o A. altissima ties and used in asthma treatment.
H g
g AH
o A. montana
0]
= OH
2 Caffeic acid
HO A. triumphetti 4
OH
OH
OH
A. tinctoria
3 Rosemarinic acid . 0
Anticancer properties of rosmarinic
HO 07 NF acid against different cancer types. 35

COOH
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Figure 2. A photograph of Anthemis tinctorial.
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Compounds were identified by HPLC, Gas chromatography NMR,
MS and UV. The chemical structures of the constituents of the plants
of Genus Anthemis are presented in Tables 1, 2 and 3. Their different
biological activities will be proved in the following paragraphs.

Sesquiterpene lactones have a distinctive biological activity connected
to the presence of a, B, y unsaturated lactone ring and are a class of
naturally occurring plant terpenoids representing a diverse and unique
class of natural products.®? They are important constituent of essential
oils, which are formed from head-to-tail condensation of three isoprene
units and subsequent cyclization and oxidative transformation to
produce a cis or trans-fused lactone.'?' These secondary compounds
are primarily classified on the basis of their carbocyclic skeletons into
pseudoguainolides, guaianalides, germanocranolides, eudesmanolides,
heliangolides and hyptocretenolides etc.

Twenty three sesquiterpene lactone were obtained from different
Anthemis species especially from Anthemis arvensis, A. endurata ,
A. cotula and A. pseudocotula. In addition, the literature revealed the
presence of 17 flavonoids abundant in different species especially in
A. altissima, A. cotula and A. nobilis along with phenolic acids like

rosemarinic and caffeic acids isolated from A. triumfetta, A. altissima
and other species.'*?'

Anthecotuloide is an irregular sesquiterpene lactone isolated from
A. cotula L. Its expected biosynthetic pathway was via two pathways,
either a Non-Farnesyl Diphosphate (FPP) Route or by head to head
condensation of geranyl diphosphate with dimethylallyl diphosphate.”!

Rosmarinic acid is an acid esters widely found in plants belonging
to family Asteraceae in several Anthemis species and considered as
a defense compound.”**® Moreover, the most probable biosynthetic
pathway of rosmarinic acid is shown in Figure 3.

DISCUSSION

The genus Anthemis is characterized mainly by the presence of
flavonoids, sesquiterpenes and phenolic acids.'”'®* This literature
survey revealed the isolation of 23 sesquiterpene lactones and 17
flavonoidal compounds from several species of Anthemis mostly
from cotula, wiedemannia and altissima and are responsible for
diverse biological activities. Anthemis chia is used in Lebanese
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Figure 3. Biogenetic pathway of rosmarinic acid.
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folk medicine due to its anti-inflammatory activity antifungal and
anthelminthic action as well.** This genus is used as febrifuge for
diarrhea and dysentery. Decoctions prepared from flowers are also
used as insecticide and as emetic while the herb as a whole is used
mainly for herb beers preparations and for external use in toothache,
neuralgia and earache.’**

Sesquiterpene lactones SL are terpenoid compounds characteristic
of the Asteraceae (Compositae) and possess a broad spectrum of
biological activities, ranging from anti-inflammatory, phytotoxic,
antibacterial, and antifungal to cytotoxic/anticancer. Various
sesquiterpene lactones SL are known to be toxic to human and animal
parasites, insects and vertebrates.'”* Therefore, they can induce
apoptosis of cancer cells and affect intracellular redox sign. In recent
years, anticancer properties of these compounds and molecular
mechanisms of their action have been studied extensively on numerous
cell lines and also on experimental animals.”” They have been shown
to disrupt cellular redox balance and induce oxidative stress in cancer
cell. Previous chemical studies seem to indicate that SL patterns are
systematically important within the genus and have been described in
30 papers. The first literature report refers to the bitter sesquiterpene
lactone nobilin from Anthemis nobilis L.*° Apart from unusual acyclic
lactones isolated from Anthemis cotula L. and the untraditional open
chain sesquiterpene lactones previously isolated from the aerial parts
of Anthemis pseudocotula growing in Egypt.?® Other Anthemis species
contain representatives of three major types of sesquiterpene lactones:
germacranolides, eudesmanolides and guaianolides.

Anthemis species have been used for the treatment of gastrointestinal
disorders, hemorrhoid, stomach ache, Helicobacter pylori and
inflammatory diseases in Turkish folk medicine. Extracts, tinctures,
salves and tisanes are used as antibacterial, antispasmodic and for the
treatment of inﬂammatory diseases in Europe.” Moreover, it is used
in Lebanese traditional medicine against abdominal pain, urinary
infection and as sedative. 2°%” It is also used for the treatment of cough
and cold and as antifungal. *The antioxidant activity has been the
subject of many researches.*

In addition, A. tinctoria and A. triumfeti act as defensive agents and
exert different biological activities such as anti-inflammation, anti-
proliferative and inhibitory tumor cell growth.’**' Anthemis scrobicularis
exerted nephroprotective and hepatoprotective activities due to the free
radical scavenging activities of its flavonoidal constituents.* NMR, MS,
IR and UV studies revealed the structure of several compounds isolated
from Anthemis genus such as rhamnetin and taxifolin obtained from A.
altissima as shown in Table 2.

ANTI-INFLAMMATORY ACTIVITY

Turkey, Anthemis species are used in folk medicine due to their anti-
inflammatory activities and antifungal activity too.*>* Several literature
proved that Anthemis species like A. triumfeti and A. tinctoria rich
in fatty acid content showed antiinflammatory effects. Fatty acids
are known as self defensive agents in organisms and possess various
biological activities including anti-inflammation.’** Linalool, 1, 8
cineole and hexadecanoic acid from A. wiedemanniana exhibited
antiinflammatory activity.* Sesquiterpene lactone extracts of the aerial
parts of Anthemis aciphylla var. were evaluated for anti-inflammatory
activity on carrageen-induced paw edema (acute model) and cotton
pellet-induced granuloma (chronic model) in rats.* The flavonoids
apigenin and luteolin possess anti-inflammatory, carminative, and
antispasmodic properties. Apigenin binds to GABA receptors and has a
mild sedative effect.** In vitro data: Chamazulene inhibited leukotriene
synthesis in neutrophilic granulocytes and had additional antioxidant
effects.*** Apigenin exhibited a dose- and time-dependent reversible
effect on adhesion protein expression and inhibited up-regulation of
specific leukocyte adhesion molecules on the endothelial cell surface. It

Pharmacognosy Journal, Vol 11, Issue 5, Sep-Oct, 2019

also inhibits IL-1-a induced prostaglandin synthesis and TNF-a induced
IL-6 and IL-8 production. Anthemis gayana flowers have analgesic and
anti-inflammatory effects related to the presence of flavonoids and other
terpene compounds.* Moreover, A. mirheydari could be considered as
a new source for anti-cancer natural products due to the high cytotoxic
effect of the plant extract in comparison with those measured for the
standard cytotoxic agent, cisplatin (4.2-9.4 ug/mL).*

Ethanolic extracts of Anthemis gayana flowers have analgesic and anti-
inflammatory effects due to their rich contents in flavonoids and other
terpene compounds.*®

Studies revealed that A. triumfeti and A. tinctoria are rich in fatty acid
content and flavonoids.”* In Turkey, Anthemis species are used in
folk medicine due to their anti-inflammatory activities and antifungal
activity too.*** The finding reflects the efficacy of Anthemis aciphylla in
inhibiting the increase in the number of fibroblasts and the synthesis
of collagen and mucopolysaccharide, which are natural proliferative
events during granulation tissue formation. The revealed effect of the
methanolic extracts on the inflammation process indicates that these
agents act by affecting a time-delayed system in a similar fashion to
glucocorticoids.***

NEURO-PSYCHIATRIC ACTIVITY

Antidepressants are expensive and exert adverse effects. Otherwise,
traditional medicines are effective in treating this disorder. In Turkish
folk medicine, infusions prepared from the flowers of Anthemis
wiedemanniana Fisch. & Mey induce sedation exerted by sesquiterpene
lactones tatridin and tanachin responsible for the antidepressant
activity of the flowers.”

In a previous study carried out by Paula Gardiner, she reported that,
in mice, apigenin had a clear affinity for central benzodiazepine
receptors. It inhibited competitively the binding of flunitrazepam,
a benzodiazepine, but had no effect on muscarinic receptors, alpha
1-adrenoceptors, or the binding of muscimol to GABA receptors.
Moreover, it had clear anxiolytic activity in mice without incidence of
sedation or muscle relaxation effects at doses similar to those used for
classical and standardized to 1 % apigenin no anticonvulsant action was
detected. Increasing dosages produced mild sedation and a reduction
in ambulatory locomotor activity.**

ANTIOXIDANT ACTIVITY

DPPH free radical scavenging activity

Antioxidant activity is one of the most intensively studied subjects in
essential oil research. An antioxidant is defined as a substance that
considerably suspends or inhibits an oxidation process. On the other
hand, the antioxidant activity is commonly determined via measuring
the inhibition rate of an oxidation processes in the presence of an
antioxidant.'* DPPH is extensively used to determine the antiradical
activity of a given compound or extract relative to a standard antioxidant,
such as ascorbic acid. As a result, the free-radical scavenging activity of
the hydrodistilled oil or the extract will be measured as a decrease in
the absorbance of methanol solution of 2,2-diphenyl-1-picrylhydrazil
(DPPH). Members of the tribe Anthemideae (Asteraceae) attract broad
medicinal attention and are used for the treatment of many degenerative
and infectious diseases due to their biologically active constituents. In
addition, the inhibitory activity of Anthemis genus was studied toward
soybean lipoxygenase using linoleic acid as substrate. It exhibited high
inhibitory activity on soybean lipoxygenase due to its rich flavonoidal
contents such as the study carried out on Anthemis tinctoria. L>> As a
result, there is a strong correlation between amount of flavonoids and
phenols of a particular plant part. Methanol extract of the flowers of
Anthemis cretica L. demonstrated the highest antioxidant activity rather
than leaves. Korina and Afanasev observed that flavonoids can prevent
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injuries caused by free radical by reacting with the reactive compound
of the radical which could be achieved due to the high reactivity of the
hydroxyl groups on the flavonoids.*>*¢>

Studies showed that phenolic compounds might inhibit lipid
peroxidation preventing formation of atherosclerotic plaques.®®
Additionally, it has been reported that phenolic compounds inhibit
the activities of several enzymes like the lipoxygenase, mitochondrial
succinic oxidase and protein kinases as a result of their antioxidant
effects.”

ANTIBACTERIAL ACTIVITIES

The antibacterial and antifungal activities of several extracts of
Anthemis species are illustrated in Table 4.

The methanolic extract from Anthemis cotula flowers has antimicrobial
activity against Gram-positive and Gram-negative microorganisms
such as E.coli, Ps. aeruginosa and Salmonella species.”® However, the
activity revealed against E. coli is the most significant when correlated
with the folkloric use of the plant in the treatment of dysentery. The
presence of eupatilin, jaceosidin and hispidulin might be responsible
for the observed activities. In addition, A. altissima. L showed a wide
antimicrobial spectrum in correlation with its flavonoidal contents
rhamnetin and taxifolin. Moreover, the ethanolic extract obtained from
Anthemis chia. L exerted a moderate effect on S. aureus explaining its
use in Europe in skin inflammation.® It had no antimicrobial effects
neither on E. coli nor on P. aeroginosa. Currently further elucidation of
the chemical structures of the phenolic constituents of some Anthemis
species is carried out in order to evaluate the antimicrobial properties
of individual flavonoid constituent.

Table 4: Antibacterial activity of some Anthemis species

The essential oils of A. aciphylla var. discoidea demonstrated significant
antimicrobial activity against Gram-positive bacteria and Candida.
albicans in correlation with their rich composition in monoterpenes
and sesquiterpenes.®® The results obtained indicate high potential
Anthemis palestina essential oil as bioactive oil for and medical purposes
possessing antimicrobial, antioxidant and antiproliferative effects. They
represent an affordable source of natural antifungal and antibacterial
substances preventing the growth of fungi and bacteria which could
be a valuable medicinal resource. Ethyl acetate and acetone extracts of
A. coelopoda Var. bourgaei exhibited antimicrobial effects against most
tested bacteria except for S. pneumoniae which explains its popular use
in treating most infectious diseases in Turkey.**

CONCLUSIONS

This paper showed that sesquiterpene lactones and are highly
distributed within the genus Anthemis and mostly the species
cotula, wiedemannia and altissima respectively. While the flavonoids
Jaceosidin, Eupatulin and Hispidulin are higly predominant as
aglycones in Anthemis cotula, stiparum and nobilis and are effective
in many ailments. In recent years, the number of new synthetic drugs
entering the market has been low probably due to financial issues.
In addition, synthetic drugs have been shown to be toxic. In order
to overcome these challenges scientists have shifted their attention
to natural products such as flavonoids and sesquiterpenes possessing
potential health benefits. However, most of the research work has
been on in-vitro studies. It is believed that renewed scientific efforts
using human trials with pure flavonoids and the appropriate placebo
will go a long way to provide new insight into the beneficial effects
of flavonoids and which might eventually lead to the development
of new class of bioactive compounds exerting a positive impact on

Active against

Species Isolates Ref.
Gram-positive Gram-negative
S. aureus 43
S. epidermidis Micrococcus E. coli
A. cotula Methanolic extract luteus Ps. aeruginosa
Streptococcus pneumonia Salmonella sp 60
Pr .vulgaris
S. aureus
A. aciphylla var. discoidea  Essential oils from Aerial parts S. epidermidis Stre.p fococcus Candida. albicans 61
pneumonia
S. aureus
S. aureus E. coli
A. altissima L Essential oil S. epidermidis Ps. aeruginosa 62
B. subtilis Kl. pneumonia
A. chia. L Ethanolic extract S. aureus Candida. albicans 63
. oot S. aureus E. coli
b AL SRR S. epidermidis Candida. albicans 16
S. aureus E. coli
. epi idi Ps. i
A. wiedemanniana Essential oil SIS Strcfp fococcs > Geruginosa 64
pneumonia KI. pneumonia
S. aureus Candida. albicans
Anthemis Ethyl acetate extract ) S'. aureus E. COI.I
. S. epidermidis Streptococcus Ps. aeruginosa 65
coelopoda Var. bourgaei Acetone extract ; .
pneumonia Kl. pneumonia

E: Escherichia
Pr: Proteus

Kl: Klebsiella
B: Bacillus

S: Staphylococcus
Ps: Pseudomonas
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the human health. All the previously mentioned compounds were
responsible for the antioxidant and anti-inflammatory activities of
this genus. Moreover, sesquiterpene lactones and sesquiterpenes as
a whole represent a large and vastly important group of compounds,
both to humans and to the plants themselves. A lot of efforts needed
to be done by the researchers to find out more bioactive compounds
of plants of genus Anthemis. Additional efforts are needed to explore
possible incorporation of these compounds in pharmaceutical industry.
Because of this, there are needs for widening public understanding of
the importance of fruits and vegetable consumption, and thus better
public image for vegetables containing them thus increasing their
consumption. The reason is that they play a highly significant role in
human health, both as part of a balanced diet and as pharmaceutical
agents, due to their potential for the prevention and treatment of
cardiovascular disease, diabetes, cancer and hypertension. Based on the
antimicrobial results, it is possible to conclude that Anthemis extracts
exhibited a broad range of antimicrobial activity to varying degrees.
Particularly ethyl acetate extracts of Anthemis coelopoda Var. bourgaei,
A. cotula, and A. wiedemanniana showed significant antibacterial
activities and thus can be used as antimicrobial agents in new drugs for
therapy of infectious diseases. More detailed phytochemical studies
are, however, necessary in the future to identify the active principle(s)
and exact mechanism(s) of action as there is a strong correlation
between amount of phenols and flavonoids in particular plant part. This
will lead to maintaining good health and wellbeing.
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