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Senecio is the largest and most complex genus in the family of the Asteraceae with more
than 1,500 species distributed widely throughout the world. A comprehensive search of
the electronic databases (1986—2023) using the keywords of ‘Senecio’ and ‘essential oil’
revealed that an essential oils composition breakdown is available for 57 species, with
a-pinene, a-farnesene, germacrene D, p-cymene, myrcene, o-terpinene, and caryophyl-
lene oxide being the most identified components. The pharmacological activities have been
summarized of different species including antimicrobial, antioxidant, repellent, antifungal,
acaricidal, anti-inflammatory, cytotoxicity, phytotoxic, anticholinesterase, allelopathic, nem-
aticidal, antimalarial, antileishmanial, a-glucosidase, anticorrosive, analgesic, and toxicity.
This review is expected to lay the foundation for further studies of this genus and provides
guidance for selecting accessions of species with the best chemical profiles.
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1. INTRODUCTION

Plants have been used as medicines since ancient times and were effective-
ly recognised as bactericides, fungicides, virucides, antiparasitics, and pesti-
cides. In several cases, their properties are mainly attributed to their essential
oils (EOs). EOs from aromatic plants are considered a vital source of medicine
that contains unique bioactive compounds. They are widely used in the phar-
maceutical, agricultural, cosmetic, and food industries due to their pharma-
cological properties [1-3]. Investigations into the potential uses of plant EOs
are again exciting the interest of scientists in further research. Senecio, the
largest and most widespread genus of the family Asteraceae, includes more
than 1,500 species. Among them, 270 species are reported in Argentina, 22
species are found in Morocco, and 6 occur in Egypt. The genus is also wide-
spread in the temperate regions of Europe, North America, Asia, and South
Africa . Senecio is derived from the Latin word senex, which literally means ‘old
man’, referring to the white egrets that alight on the achenes during plant fruc-
tification. Several species of Senecio have been documented in the literature to
date, some of which are distributed worldwide (Senecio vulgaris), while others
can only be found in restricted areas (e.g., Senecio rosinae, reported only on
the island of Corsica) . Other species of the genus Senecio have been used in
traditional medicine for the treatment of asthma, coughs, bronchitis, eczema,
and for healing wounds . Several phytochemical studies have investigated EOs
of Senecio and discovered significant chemical variability.

To appreciate the potential of the genus Senecio, a review is therefore required
of their traditional uses, chemical compositions, and the pharmacological ac-
tivities of its EOs.
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2. SEARCH STRATEGY

The protocol for performing this study was developed
following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement (PRISMA) : (a)
the first step was to exclude duplicate articles, (b) titles
and abstracts were then read and the inclusion and
exclusion criteria were applied, (c) all articles resulting
from this stage were read in full, and the inclusion and
exclusion criteria were applied again. Figure 1 shows
the flow diagram of the identification and selection of
articles. Following this step, we selected the articles
for this study. This systematic review was conducted
through searches using Scopus, PubMed, Science
Direct, SciFinder, and Google Scholar. The keywords
used were ‘Senecio’, ‘essential oil’, and ‘biological
activity’ to find articles over the period from the begin-
ning of the database until October 2023. The inclusion
of articles was based on the following criteria: (1) type
of publication - original research articles, (2) only arti-
cles in English, (3) articles must present the chemical
composition of Senecio essential oils, (4) articles must
discuss the bioactivity of the essential oils. The follow-
ing were the exclusion criteria : (1) articles that did not
present the search terms in the title and abstract; (2)
review articles, (3) full-text articles not found, (4) arti-
cles without one of the keywords and () articles that
did not present the composition of the EOs.

STEP 1
Searching database: 141

!

STEP 2
Exclusion of duplicated articles

v !

| Excluded articles: 35 ‘

‘ Remaining articles: 106 |

: ‘
STEP 3
Reading of title and abstract
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| Excluded articles: 25 ‘

[ Remaining articles: 81 I

L

STEP 4
Reading of full article

' !

Excluded articles: § | Remaining articles: 76 |
(absence of one of the keywords, l
review articles, and full text
article not found)

DATA COLLECTION
FOR REVIEW

Figure 1 - PRISMA flow diagram of included studies

3. TRADITIONAL USES

The traditional uses of various Senecio species
highlight their ethnomedicinal importance in differ-
ent cultures [9-23]. The leaves of S. ambavilla are

used for treating wounds, boils, and skin diseases.
An infusion of its leaves is also traditionally used
for managing rheumatism, gout, and gastrointesti-
nal complaints . Similarly, S. anteuphorbium is ap-
plied as a sedative for abdominal or back pain and
is also employed to treat rheumatism, wounds, and
injuries [10], while its poultices offer sedative relief
for abdominal and dorsal issues [11]. In tradition-
al Chinese medicine, S. cannabifolius is valued for
the treatment of viral influenza, icteric hepatitis, and
stomach ailments [12]. S. cineraria has been recog-
nized for its role in alleviating eye problems , while
S. filaginoides is used to address rheumatic pains
and toothaches [13]. S. flammeus is another spe-
cies popular in Chinese folk medicine, primarily for
treating inflammation and ulcers [14]. S. glaucus is
known for managing respiratory and hepatic condi-
tions, including coughs, fever, colds, bronchitis, and
asthma, as well as for treating eczema and wounds
[15]. The water extract of S. graciliflorus leaves is tra-
ditionally used for treating skin rashes and eruptions
[16]. S. graveolens has distinctive medicinal proper-
ties: it is reputed to counteract mountain sickness
and act as an emmenagogue, a digestive aid, and
a cough suppressant [17]. Similarly, S. nudicaulis is
employed for its ability to treat colic, fever, and vari-
ous skin diseases, including conjunctivitis [18,19]. S.
nutans has a wide range of uses, such as lowering
blood pressure, alleviating altitude sickness, and re-
lieving cold-related discomfort, bronchitis, whooping
cough, asthma, stomach aches, and fever [20]. S.
pogonias is applied in the treatment of hepatic dis-
orders, fever, coughs, and colds [17], while S. serp-
ens serves both medicinal and ornamental purposes
in regions like Portugal, Morocco, and Egypt [21].
Lastly, S. ventanensis is known for its role in treat-
ing wounds and as an anti-emetic, anti-inflammato-
ry, and vasodilatory agent [22]. S. vulgaris, with its
broad spectrum of uses, acts as a diaphoretic, an-
tiscorbutic, purgative, diuretic, and an anthelmintic
[23]. It is also used to expel kidneys gravel. These
diverse applications underline the vast medicinal po-
tential of the Senecio genus in traditional practices.

4. CHEMICAL COMPOSITION

The analysis of EOs from Senecio species involves
various techniques designed to extract, identify, and
characterize the volatile compounds present. One
of the most widely used methods of extraction is
steam distillation. This technique is effective in ob-
taining oils in a relatively pure form and is commonly
used for aromatic species. However, it can cause
the degradation of heat-sensitive compounds and
often requires a large amount of plant material. An-
other method is solvent extraction, which is often



employed when steam distillation is not effective or
when higher yields are needed. Hydrodistillation, a
variant of steam distillation, involves directly boiling
plant material in water. This method is effective for
both dried and fresh plant samples and is simpler
than steam distillation. However, it can lead to the
loss of volatile compounds if not carefully controlled
and requires larger quantities of plant material.
Various techniques are used to analyze their chem-
ical composition. Gas chromatography (GC), often
coupled with mass spectrometry (GC-MS), is one of
the most commonly used methods for identifying and
quantifying volatile compounds in EOs. It offers high
sensitivity and resolution, allowing for the detailed
identification of terpenes, aldehydes, ketones, and
other compounds. However, it requires sophisticat-
ed equipment and expertise, and preparing samples
can be time-consuming. For analyzing non-volatile
or thermally unstable compounds, high-performance
liquid chromatography (HPLC) is sometimes used.
In addition to chromatographic techniques, Fourier
Transform Infrared (FTIR) spectroscopy is employed
to study the functional groups present in EOs. FTIR
provides rapid, non-destructive analysis of chemical
compositions and is especially useful for confirming
the presence of functional groups like alcohols, alde-
hydes, or esters. However, it provides less detailed
structural information compared to techniques like
GC-MS.

Numerous investigations have explored the chemical
composition of EOs of the Senecio genus. Table |
shows the details of the isolated EQOs, including the
main components [24-83]. In this context, it appears
that monoterpenes and sesquiterpenes (hydrocar-
bons and oxygenated) constitute the main compo-
nents of the Senecio EOs. EOs of S. glaucus [36],
S. pogonias, S. oreophyton [43], S. giganteus [47],
S. graciliflorus [52], S. mustersii, S. subpanduratus
[38], and S. farfarifolis [73] were found to contain
a-pinene at high concentrations. Meanwhile, EOs of
S. nutans [31], S. polyanthemoides [68], S. subula-
tus [33], and S. squalidus [74] were characterized
by an abundance of p-cymene. In another study,
a-farnesene was notable for its richness in the EOs
of S. cannabifolius [26] and S. flammeus [51], while
B-farnesene was found in the EOs of S. racemosus
and S. trapezuntinus [67]. In addition, germacrene
D was also present as a major component in EOs
of S. rufinervis [61-62], S. crassiflorus [71], and S.
argunensis [83]. Several Senecio EOs presented an
entirely different chemical profile compared to oth-
er species of the Senecio genus. 9,10-Dehydro-
fukinone, 1-nonene, 1-undecanol, 1-tridecene, and
1,10B-epoxy-6-oxofuranoeremophilane were found
to be the main components of the EOs of S. viridis
[29], S. filaginoides [37], S. belgaumensis [59], S. co-
incyi [65], and S. royleanus [66], respectively. There

was significant intra- and interspecies variation in the
chemical compositions of EO extracted from Sene-
cio species, which appears to be influenced by the
environmental factors of plant cultivation. Indeed, it
has been reported that the chemical profiles of EO
could vary with season, plant age, soil composition,
collection time, and geographic origin. This variability
might also be correlated to the genetic character-
istics of the plant and/or to the source of the EOs
[84-85].

5. PHARMACOLOGICAL ACTIVITIES

Senecio species have been used for centuries as a
folk remedy because of their diverse pharmacologi-
cal activities. The genus is a rich source of bioactive
components, which are implicated in the reported
pharmacological activities of the genus Senecio.
EOs also have several promising pharmacological
activities, briefly described here.

5.1. ANTIMICROBIAL ACTIVITY

Different microbes, bacteria, fungi and yeast are as-
sociated with the antimicrobial activity of EOs de-
rived from several species of Senecio. Details of the
activity are summarized in Table Il [86-90]. The EOs
from various Senecio species exhibit notable anti-
microbial activity, particularly against significant bac-
terial and fungal pathogens. S. graveolens demon-
strates strong activity with MIC values of 8.73 mg/
mL for Micrococcus luteus, 10.91 mg/mL for Staph-
ylococcus aureus, and an impressive 0.02 mg/mL
for Candida albicans [86]. Similarly, S. nemorensis
shows potent inhibition against Bacillus cereus (20
mm), Staphylococcus aureus (17 mm), and Entero-
coccus faecalis (18 mm), making it highly effective
against Gram-positive bacteria [87]. Other significant
examples include S. pandurifolius, which displays
remarkable activity against Mycobacterium smeg-
matis within a large inhibition zone of 30 mm [60],
and S. nutans, which effectively inhibits Vibrio chol-
erae within a 22 mm inhibition zone and a low MIC
of 0.4 mg/mL [30]. S. belgaumensis also stands out
for its strong antimicrobial effects against S. faecalis,
Aspergillus fumigatus, and A. niger, with MIC values
ranging from 0.015 to 0.104 mg/mL [88]. These find-
ings highlight the significant antimicrobial potential of
certain Senecio species, especially against major
pathogens like S. aureus, V. cholerae, and C. albi-
cans. This underscores their potential in developing
natural antimicrobial agents and merits further ex-
ploration.

5.2. ANTIOXIDANT ACTIVITY
The antioxidant activity of S. anteuphorbuim EO
was determined by the ability of the EO to inhibit
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the bleaching of (3-carotene by peroxide generation
along linoleic acid oxidation. The EO presented a
percentage rate of 49.42% at 4 mg/mL [79]. Fur-
thermore, S. massaicus EO exhibited antioxidant in
reducing power and ABTS assays with A0.50 value
93.0 yg/mL and IC50 value of 88.7 ug/mL respec-
tively, compared to the CUPRAC test A0.50 value
of 116.5 pg/mL. For the DPPH method, the EO did
not display radical activity where the inhibition rate
did not exceed 37% in the high concentration tested
(200 pg/mL) [80]. Furthermore, the S. glaucus EO
showed a strong antioxidant effect with EC50 val-
ues for DPPH radical scavenging of 1.6 and 1.9 ul/
mL for capetula and shoot EOs, respectively [34].
In another study, S. nudicaulis EO was found to ex-
hibit significant activity by scavenging DPPH, ABTS
and nitric oxide radicals with 1C50 values of 10.61,
11.85, and 11.29 ug/mL, respectively [45]. Similarly,
S. graciliflorus flower EO exhibited a strong antiox-
idant potential, displaying IC50 values of 21.6 and
26.0 pyg/mL in DPPH and hydroxyl radical assays,
respectively [52].

The DPPH assay was chosen to evaluate the an-
tioxidant potential of EOs from the genus Senecio
because it is simple, reliable, and well-suited to this
purpose. It directly measures the ability of antioxi-
dants to neutralize free radicals, which is highly rele-
vant when studying the radical-scavenging activity of
EOs. The assay is quick and does not require com-
plex equipment, making it practical for testing com-
plex mixtures like EOs. Unlike other assays, such as
TEAC and FRAP, the DPPH assay works well with
both hydrophilic and lipophilic antioxidants, making
it more suitable for EOs that are rich in hydrophobic
compounds. TEAC involves additional steps to gen-
erate radicals, which can introduce variability, while
FRAP measures the reducing power rather than di-
rectly assessing free radical scavenging. Other as-
says like ORAC and CUPRAC are more complex and
time-consuming. Overall, the DPPH assay provides
a straightforward and accurate way to evaluate the
antioxidant properties of Senecio EOs, ensuring re-
liable results while avoiding the limitations of other
methods.

5.3. REPELLENT EFFECT

The S. scandens EO decreased its repellent effect
against L. serricorne from 78.63 to 0.13 nL/cm? and
the effect of EO on L. bostrychophila fell from 63.17
to 12.63 nL/cm?, The percentage of repellency val-
ue of EO against L. bostrychophila was similar to
DEET (N,N-diethyl-meta-toluamide), which indicated
that EO had great potential insecticidal activity for L.
bostrychophila [26]. In another study, S. glaucus EO
repelled Tetranychus urticae adults after 24, 48, and
72 h of exposure. After 72 h, a low repellent effect
was observed in adults with T. urticae at the highest

concentration tested, with a repellency index of 24%
[36]. Furthermore, S. pogonias and S. oreophyton
EOs showed good repellent properties against Tria-
toma infestans with repellency percentage values of
76% and 36% at 24 h, respectively [43].

5.4, ANTIFUNGAL ACTIVITY

The S. nutans and S. viridis EOs displayed mod-
erate activity against Fusarium graminearum and
F. verticillioides (MIC value of 1.2 mg/mL) and there
was a weak effect against Aspergillus carbonari-
us and A. niger (MIC values of >1.2 mg/mL) [29].
The antifungal activity of S. glaucus EO was test-
ed against the phase method (VF) and the poisoned
food method (PF). The EO recorded an inhibition of
83% at 16 uL/mL using the PF method, while the VF
method recorded 86% inhibition of mycelial growth
of B. cinerea at 0.8 uL/ml air [91]. In another work,
the EO of S. amplexicaulis exhibited significant ac-
tivity against five phytopathogenic fungi, Sclerotium
rolfsii, Macrophomina phaseolina, Rhizoctonia sola-
ni, Pythium debaryanum and Fusarium oxysporum,
with EC50 values of 164.9, 157.0, 199.2, 187.4, and
159.0 pg/mL, respectively [49].

The EOs contain bioactive compounds like ter-
penoids and phenolic acids, which are effective
against both Gram-positive and Gram-negative bac-
teria. These compounds work by disrupting bacterial
membranes, interfering with enzymes, and prevent-
ing biofilm formation. Senecio EOs are particularly
effective against Gram-positive bacteria such as
Staphylococcus aureus and Bacillus subtilis, which
have simpler cell membranes that are easily disrupt-
ed. They also active against Gram-negative bacteria
like Escherichia coli and Pseudomonas aeruginosa.
Although Gram-negative bacteria have an extra out-
er membrane for protection, the oils can penetrate
and damage their cell structure.

5.5. ACARICIDAL ACTIVITY

The efficacy of S. cannabifolius EO against females
and larvae of Rhipicephalus microplus was assessed
by the adult immersion test (AIT) and the larval im-
mersion test (LIT). LIT revealed that EO achieved
100% mortality at a concentration of 1.6% wt/vol,
whereas biochemical assays indicated that the EO
can significantly reduce the overall detoxification en-
zyme activities in engorged females and larvae at a
high concentration (=0.4% wt/vol) [27]. Furthermore,
S. glaucus EO recorded significant mortality in adults
24, 48, and 72 h after treatment. The mortality rate
ranged from 32 to 100%, and the probit analysis in-
dicated an LD50 of 5843 ppm [91].

5.6. ANTI-INFLAMMATORY ACTIVITY
The EOs of the capetula and shoots of S. glaucus
exerted the highest anti-inflammatory effect after 3



and 4 hours of carrageenan injection with percent-
age inhibition of 43.3% and 44.3%, respectively [34].
Furthermore, S. flammeus EO significantly reduced
carrageenan-induced paw oedema by 17.42%,
52.90% and 66.45%, 4 h after carrageenan injection,
respectively, and significantly reduced myeloperoxi-
dase activity. The EO (10, 30, and 90 mg/kg) also
produced a significant dose-dependent response
in reducing TPA-induced ear oedema by 20.27%,
33.06%, and 53.90%, respectively. Furthermore, EO
produced significant dose-response anti-inflamma-
tory activity against cotton pellet-induced granulo-
ma that peaked at the highest dose of 90 mg/kg
(49.08% wet weight and 47.29% dry weight) [51].

5.7. CYTOTOXICITY STUDIES

S. glaucus capetula EO was found to be the most
potent against human breast cancer cells (MCF-7)
with an IC50 value of 1.5%, followed by shoot EO
against the same cell line with an IC50 value of 2.1%
[34]. In addition, as regards the inhibitory activity
against hepatocellular carcinoma cells (HePG2), EO
exhibited a promising activity with an 1C50 value of
5.63 pg/mL [39]. In another study, the flower and root
EO of S. graciliflorus showed strong activity against
lung cell lines (A-549) with IC50 values of 19.1 and
21.3 pg/mL, respectively [52]. S. rowleyanus EO
showed significant activity against brain tumour cell
line (U251) and liver carcinoma cell line (MCF-8) with
IC50 values of 5.0 and 2.6 ug/mL, respectively [70],
while S. leucanthemifolius EO displayed significant
activity against the human cervix uteri cancerous cell
line (HeLa) with an IC50 value of 1.15 pL/mL [50].

5.8. PHYTOTOXIC ACTIVITY

The S. amplexicaulis EO inhibited the germination
of Triticum aestivum (65.0%) and Phalaris minor
(568.3%) at 500 pg/mL compared to the control. At
a higher concentration (500 pg/mL), EO inhibited the
shoot and root lengths of both test crops [49]. An-
other study on the EO of S. erucifolius reported the
length of roots of Medicago sativa, Urtica cannabi-
na and Amaranthus retroflexus increased by 21.00,
10.46, and 2.53%, respectively, after treatment with
EO at the lowest concentration of 0.125 mg/mL and
decreased by 9.36, 23.00, and 19.53% after treat-
ment at the highest concentration of 4 mg/mL [82].

5.9. ANTICHOLINESTERASE ACTIVITY

The S. massaicus EO exhibited strong inhibitory ac-
tivity against butyrylcholinesterase (BChE: IC50 val-
ue 13.85 pg/mL) and acetylcholinesterase (AChE:
IC50 value 10.34 pg/mL) [80]. Furthermore, S. ven-
tanensis EO was found to exert a weak activity in
the AChE assay with a percentage inhibition of 8.9%
(conc. 2.5%), compared to the positive control ser-
ine with 99.0% [48].

5.10. ALLELOPATHIC EFFECT

The allelopathic effect of S. anteuphorbium EO was
evaluated by studying the inhibition of the germina-
tion and growth of Lactuca sativa seeds. At a high
concentration of EO (0.28 mg/mL), the growth of
the shoots and roots was reduced by 87.60% and
78.88%, respectively. The EO recorded an IC50 val-
ue of 0.12 mg/mL for shoot growth and 0.15 ug/mL
for root growth, respectively [24].

5.11.NEMATICIDAL ACTIVITY

The nematicidal activity of S. glaucus EO was tested
using two bioassays aimed at the mortality of sec-
ond-stage juveniles (J2) and the inhibition of Meloi-
dogyne javanica eggs. The effect exerted by the
EO was nematostatic with a percentage inhibition
of 95%, immobility of J2 and 92% inhibition of egg
hatch at 16,000 ppm [91].

5.12. ANTIMALARIAL ACTIVITY

The S. acaulis EO showed moderate activity against
chloroquine-sensitive  Plasmodium falciparum (D6)
and chloroquine-resistant Plasmodium falciparum
(W2) with 1C50 values of 8020.3 and 5785.4 ug/mL,
respectively [42].

5.13. ANTILEISHMANIAL ACTIVITY

The S. acaulis EO exerted a weak activity against
Leishmania donovani with 1C50 and 1C90 values of
24.3 and 34.3 ug/mL, respectively [42].

5.14. o-GLUCOSIDASE ACTIVITY

The S. scandens EO displayed strong inhibitory ac-
tivity on a-glucosidase with an IC50 value of 0.1304
mg/mL, compared to the positive control acarbose
of 23.4 mg/mL [92].

5.15. ANTICORROSIVE ACTIVITY

The S. inaequidens EO showed promising activity
against mild steel in 1M HCI. The EO was found to
inhibit 90.56% at 2g/L [55].

5.16. ANALGESIC ACTIVITY

The S. rufinervis EO produced a significant and
dose-dependent inhibition of acetic acid-induced
writhing (85% at 75 mgq). The effect was more signif-
icant than the standard drug pentazocine (72.3% at
dose 75 mg/kg) [62].

5.17.TOXICITY STUDIES

The S. argunensis EO exhibited acute lethal toxicity
(25%) against Artemia salina larvae at a concentra-
tion of 1 mg/mL [83]. Additionally, the EO of S. scan-
dens showed strong contact toxicity with Tribolium
castaneum, Lasioderma serricorne and Liposcelis
bostrychophila with LD50 values of 18.01, 20.11,
and 72.14 ug/cm?, respectively [26].
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Table | - Major chemical components identified from Senecio essential oils

Species

Locality

Part

Yield (%)

Identification
(No. %)

Major components

S. anteuphorbium

Morocco

Aerial parts

0.30

46, 85.62

Bicyclogermacrene (22.75%), spathulenol
(25.26%), epi-B-eudesmol (6.8%), and selina-
4,11-diene (5.08%) [24]

Aerial parts

0.15

21,99.60

y-Selinene (27.2%), cyperene (21.7%), y-
cadinene (11.4%), and a-cyperone (8.1%) [25]

S. scandens

China

Aerial parts

0.84

20, 88.03

Humulene epoxide Il (18.05%), 1,4,7-
cycloundecatriene-1,5,9,9-tetramethyl-Z,Z2,Z-
(17.69%), caryophyllene oxide (16.24%),
linalool (7.16%), and caryophyllene (4.52%)
[26]

S. cannabifolius

China

Aerial parts

0.83

68, 99.2

Eucalyptol (13%), camphor (10.6%),
germacrene D (6.0%), and caryophyllene
oxide (6.1%) [27]

Leaves

0.503

26, NM

a-Famesene (13.37%), n-hexadecanoic acid
(8.62%), 2,6-dimethyl-6-(4-methyl-3-pentenyl)-
bicyclohept-2-ene (6.93%), and caryophyllene
(5.32%) [26]

Stems

0.036

36, NM

n-Hexadecanoic acid (24.12%), caryophyllene
oxide (11.16%), 1-methyl-2-pentyl-
cyclopropane (9.55%), and caryophyllene
(5.78%) [26]

S. pedunculatus

India

Leaves

0.05

20, 93.44

Caryophyllene oxide (23.5%), 3-cadinene
(10.4%), humulene epoxide Il (9.4%), and
myrcene (8.2%) [28]

S. nutans

Argentina

Aerial parts

1.42

25, 89.50

Sabinene (27.6%), a-phellandrene (15.7%), o-
cymene (9.6%), and B-pinene (6.1%) [29]

Chile

Leaves

0.37

19, 100

Methyl cinnamate (44.9%), p-cymenol
(27.2%), terpinen-4-ol (6.8%), AND a-
terpineol (4.1%) [30]

Peru

Leaves

0.15

60, 93.70

p-Cymene (51.7%), a-phellandrene (21.8%),
and (Z)-methyl cinnamate (3.7%) [31]

Italy

Aerial parts

0.16

21,9430

a-Phellandrene (15.5%), a-terpinene (15.1%),
sabinene (13.3%), d-3-carene (8.8%), and p-
cymene (8.8%) [32]

S. viridis

Argentina

Aerial parts

0.14

12, 97.50

9,10-Dehydrofukinone (92.7%) [29]

0.10

14, 94.80

a-Thujene (31.7%), B-phellandrene (15.7%),
a-pinene (9.0%), camphene (8.9%), and
sabinene (7.0%) [33]

S. glaucus

Egypt

Capetula
(flower)

0.50

33,97.10

m-Mentha-1(7),8-diene (31.4%), cis-m-
mentha-2,8-diene (22.9%), and
dehydrofukinone (17.2%) [34]

Shoots

0.25

33,96.00

m-Mentha-1(7),8-diene (25.6%),
dehydrofukinone (19.9%), and cis-m-mentha-
2,8-diene (8.2%) [34]

Aerial parts

0.25

80, 90.00

Myrcene (24.0%), dehydrofukinone | (21.0%),
and p-cymene (9.9%) [35]

Morocco

whole plants

0.20

84,94.30

a-Pinene (26.2%), myrcene (11.4%), and p-
cymene (9.9%) [36]

S. filaginoides

USA

Aerial parts

0.34

56, 96.1-97.6%

1-Nonene (2.0-4.7%), a-pinene (28.3-40.5%),
sabinene (1.5-1.9%), B-pinene (4.7-5.4%),
and d-3-carene (1.8-5.7%) [37]

Argentina

Aerial parts

NM

7,60.90

B-Terpinene (28.0%), a-pinene (20.0%), and
a-terpinene (4.4%) [38]

S. vulgaris

Egypt

Whole plants

NM

14, 98.53

Butylated hydroxytoluene (63.87%), 4,4'-
ethylenebis(2,6-di-tert-butylphenol) (8.29%
[39]

France

Aerial parts

0.13-0.16

54,95.20

a-Humulene (57.3%), (E)-p-caryophyllene
(5.6%), terpinolene (5.3%), ar-curcumene
(4.3%), and geranyl linalool (3.4%) [40]

S. serpens
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Egypt

Aerial parts

0.09

38,99.9

a-Myrcene (26.0%), a-pinene (22.81%), B-
pinene (16.44%), germacrene D (8.94%), and
1-nonene (8.88%) [41]
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S. acaulis Egypt Aerial parts 0.11 22,81.08 Limonene (13.32%), B-pinene (11.54%),
sabinene (10.79%), and cryptone (10.13%)
[42]

S. pogonias Argentina Aerial parts 0.40 19, 97.60 a-Pinene (48.0%), a-phellandrene (22.0%), p-
cymene (7.1%), and -pinene (5.9%) [43]

S. oreophyton Argentina Aerial parts 1.00 18, 97.30 a-Pinene (40.0%), p-mentha-1(7), 8-diene
(31.0%), and B-phellandrene (5.3%) [43]

S. nudicaulis India Aerial parts 0.1-0.6 8,96.30 a-Humulene (30.2%), germacrene D (26.3%),
B-caryophyllene (22.3%), and linoleic acid
(9.7%) [44]

NM 30, 95.30 Caryophyllene oxide (24.99%), humulene

epoxide Il (21.25%), a-humulene (18.75%), B-
caryophyllene (9.67%) [45]

S. giganteus Algeria Aerial parts 0.02 40, 92.38 Hexadecanoic acid (17.80%), isophytol
(12.43%), 3-methyl pentanol (7.28%), phytol
(6, 66%), and the spathulenol (4.47%) [46]

0.80 18, 82.80 a-Pinene (19.4%), 6,10,14-trimethyl-2-

pentadecanone (19.1%), pentacosane
(16.9%), and tricosane (11.9 %) [47]

S. ventanensis Argentina Aerial parts 0.015 23,98.50 a-Terpinene (12.2%), limonene (11.9%), a-
humulene (10.5%), sabinene (9.1%),
terpinolene (8.8%), and p-cymene (8.1%) [48]

S. amplexicaulis India Roots 0.66 18,94.70 a-Phellandrene (48.57%), o-cymene (16.80%)
and
B-ocimene (7.61%) [49]

S. leucanthemifolius Morocco Whole plant ~ NM NM a-Hydroxy-p-cymen (27.3%), carvacrol

(12.2%), nerol (10.9%), carveol (9.2%), and
cis-a-bisabolene (7.0%) [50]

S. flammeus China Aerial parts 0.38 48, 98.41 o-Farnesene (11.26%), caryophyllene
(8.69%), n-hexadecanoic acid (7.23%), and a-
pinene (6.36%) [51]

S. graciliflorus India Flower 0.08 17,99.90 a-Pinene (33.97%), cis-ocimene (26.83%), B-

pinene (11.9%), and 1,2,3-
trimethylcyclohexane(6.37%) [562]

Leaf 0.07 20, 95.50 cis-Ocimene (24.14%), a-Pinene (18.36%),
1,2,3-trimethylcyclohexane(14.11%), and B-
pinene (6.41%) [52]

Stem 0.04 19, 98.93 cis-Ocimene (24.97%), a-pinene (24.66%),
1,2,3-trimethylcyclohexane(11.15%), and B-
pinene (9.05%) [52]

Root 0.04 17, 95.96 a-Pinene (36.36%), 1,2,3-
trimethylcyclohexane (13.32%), cis-ocimene
(11.15%), and B-pinene (10.84%) [52]

S. bombayensis India Flower 0.20 46, 98.20 Linalool (26.3%), B-cedrene (14.5%), E-B-

faresene (10.8%), 2,5-dimethoxy-p-cymene
(7.0%), (E)-B-ocimene (5.9%), terpinen-4-ol
(5.1%), and Z-B-ocimene (4.7%) [53]

S. selloi Brazil Aerial parts 0.0035 20,71.3 a-Zingiberene (54.0%) and a-isolimonene
(16.0%) [54]
S. inaequidens France Aerial parts NM 60, 98.8 Myrcene (21.4%), (Z)-B-ocimene (17.6%), o-

pinene (12.5%), limonene (8.1%), and
cacalohastine (6.8%) [55]
S. vernalis Turkey Aerial parts 0.40 39,91.50 B-Phellandrene (12.6%), 1,8-cineole (9.2%),
caryophyllene oxide (7.3%), B-selinene
(6.3%), and limonene (6.2%) [56]
Flower 0.16 69, 93.40 B-Pinene (13.0%), (E)-caryophyllene (28.6%),
d-3-carene (10.4%), germacrene D (8.6%), a-
phellandrene (8.3%), (Z)-B-ocimene (4.7%),
and a-humulene (4.5%) [57]
Iran Aerial parts 0.16 10, 98.90 Spathulenol (37.1%), 1,8-cineol (19.0%), m-
cymene (16.6%), and isobicyclo-germacrenal
(15.2%) [58]
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S. belgaumensis India Flower 0.20 48,91.50 1-Undecanol (19.5%), B-caryophyllene
(18.9%), caryophyllene oxide (10.4%), and y-
terpinene (9.2%) [59]

S. pandurifolius Turkey Flower 0.24 45,90.10 a-Cuprenene (30.7%), borneol (11.9%), B-

eudesmol (9.3%), 1-undecene (7.4%), (E
caryophyllene (6.0%), nonadecane (4.4%
and hexadecane(4.0 %) [60]

Leaves 0.15 60, 88.00 a-Zingiberene (16.1%), borneol (13.4%), 1-
undecene (8.3%), (E)-y-bisabolene (6.4%), B-
eudesmol (5.3%), and bicyclogermacrene
(4.5%) [60]

Stems 0.19 42,89.00 y-Curcumene (14.9%), undecane (12.0%), a-
zingiberene (9.0%), (E,E)-a-farnesene (8.8%),
(E)-caryophyllene (7.2%), and 6-methoxy-2-
(1-buten-3-yl)-naphthalene (6.5%) [60]

oSS —

S. rufinervis India Leaves 0.50 11,7017 Germacrene D (40.19%), B-pinene (12.33%),

and p-cymene (4.15%) [61]

Roots 0.40 15,72.14 Germacrene D (24.95%), a-cubebene
(8.14%), and a-longipinene (6.46%) [61]

Leaves 0.50 11,78.18 Germacrene D (40.19%), B-pinene (12.23%),
B-caryophyllene (6.21%), and B-longipinene
(4.15%) [62]

Leaves 0.60 92.50 Germacrene D (33.7%), 6-cadinene (5.5%), y-

cadinene (5.5%), germacrene D-4-ol (5.4%),
a-cadinol (4.9%), and B-longipinene (4.0%)
[63]
Roots 0.50 89.10 Germacrene D (32.9%), germacrene A
(19.5%), d-elemene (7.6%), a-cubebene
(4.9%), and B-eudesmol (3.0%) [63]
S. atacamensis Chile Leaves 1.04 19, 75.69 a-Terpinene (36.05%), a-phellandrene
(27.79%), and p-cymene (11.85%) [64]
Stems 0.92 24,6849 a-Phellandrene (25.37%), p-cymene
(22.55%), and a-terpinene (20.57%) [64]
S. coincyi Spain Leaves 0.01 38, 60.00 1-Tridecene (28.1%), B-bisabolene (6.1%),
and 1-pentadecene (6.0%) [65]
S. royleanus India Aerial parts 0.24 43,96.50 1,10B-Epoxy-6-oxofuranoeremophilane
(69.2%) and 1p3-10-epoxyfuranoeremophilane
(3.3%) [66]
50 Flowers 0.18 44,9710 1,10B-Epoxy-6-oxofuranoeremophilane
(39.4%), (E)-B-ocimene (17.0%), 1p-10-
epoxyfuranoer-emophilane (8.2%), and a-
pinene (7.6%) [66]
Leaves 0.30 44,95.50 1,10B-Epoxy-6-oxofuranoeremophilane
(50.3%) and 1(-10-epoxyfuranoeremophilane
(25.2%) [66]
Stems 0.14 41,95.00 1,10B-Epoxy-6-oxofuranoeremophilane
(54.9%), y-muurolene (9.8%), and (E)-B-
ocimene (7.9%) [66]
S. othonnae Turkey Flowers 0.12 56, 83.10 Caryophyllene oxide (18.6%), (E)-
caryophyllene (13.7%), a-cadinol (7.4%), and
1-undecene (6.8%) [67]
S. racemosus Turkey Flowers 0.08 38,97.70 (E)-B-Farnesene (21.6%), (E)-caryophyllene
(20.0%), y-amorphene (19.1%), and 1-
undecene (11.4%) [67]

S. nemorensis Turkey Flowers 0.12 37, 86.80 y-Curcumene (42.8%), (E)-B-Farnesene
(25.2%), and B-curcumene (6.2%) [67]

S. mustersii Argentina Aerial parts 0.81 24,95.20 0-Pinene (53.3%) and B-pinene (21.2%) [38]

S. subpanduratus Argentina Aerial parts 0.71 21,92.90 0-Pinene (22.1%), B-pinene (11.9%),
sabinene (23.8%), terpinen-4-ol (10.2%) and
p-cymene (8.7%) [38]
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S. polyanthemoides South Africa Flower 0.10 13,97.00 p-Cymene (24.7%), limonene (18.3%), and
myrcene (15.7%) [68]
Leaves 0.23 8,94.10 B-Selinene (32.7%), caryophyllene oxide

(13.4%), a-pinene (11.8%), and 1,8-cineole
(11.4%) [68]

Stems 0.17 8,99.60 a-Pinene (21.4%), p-cymene (18.7%),

limonene (18.1%), B-pinene (12.4%), and 1,8-
cineole (9.3%) [68]

S. platyphyllus Turkey Flowers 0.12 48,94.40 (E)-Caryophyllene (28.6%), germacrene D
(23.4%), and (E)-B-farnesene (6.8%) [57]

S. adenotrichius Chile Aerial parts 0.36 11,91.30 Dehydrofukinone (70.9%), (E)-B-ocimene
(5.8%), and a-terpinene (4.5%) [69]

S. zoellneri Chile Aerial parts 0.41 21,97.00 d-3-Carene (19.5%), B-phellandrene (18.0%),
B-pinene (16.4%), and a-pinene (10.8%) [69]

S. rowleyanus Egypt Aerial parts 0.10 25,99.95 Spathulenol (22.9%), myrcene (12.80%),

germacrene B (12.4%), viridiflorol (10.99%),
and trans-caryophyllene (8.42%) [70]

S. subulatus var. Argentina Aerial parts 0.10 18, 95.50 p-Cymene (33.3%), B-pinene (31.2%), y-

salsus terpinene (15.6%), and a-thujene (5.0%) [33]

S. subulatus var. Argentina Aerial parts 0.10 13, 97.50 y-Terpinene (53.6%), p-cymene (18.3%), B-

erectus pinene (17.3%), and a-thujene (5.2%) [33]

S. argophylloides Argentina Aerial parts 0.20 13,99.80 Camphene (52.7%), sabinene (12.3%), and B-
phellandrene (10.7%) [33]

S. trapezuntinus Turkey Flowers 0.15 34,91.70 (E)-B-Farnesene (26.3%), B-selinene (11.8%),

eremophilane (9.2%), 14-hydroxy-9-epi-(E)-
caryophyllene (7.8%), y-gurjunene (7.7%),
and (E)-caryophyllene (7.1%) [67]

Leaves 0.12 26, 86.20 (E)-B-farnesene (16.9%), B-selinene (11.6%),
14-hydroxy-9-epi-(E)-caryophyllene (10.5%),
eremophilane (9.3%), (E)-caryophyllene
(8.7%), and 6-amorphene (7.3%) [67]

Stems 0.10 12,73.50 (E)-B-farnesene (31.2%), eremophilane
(9.9%), y-gurjunene (8.1%), and (E)-
caryophyllene (5.4%) [67]

S. crassiflorus Brazil Leaves 0.023 15, 98.90 a-Cadinol (56.0%), t-muurolol (25.0%), and
germacrene D (6.1%) [71]
Aerial parts 0.023 14, 98.80 Germacrene D (59.0%) and germacrene B

(22.0%) [71] =
Stems 0.033 17,97.70 Germacrene D (48.0%), germacrene B
(24.0%), a-cadinol (5.7%) [71]

S. leucostachys Iran Leaves 0.80 31, 98.60 Sabinene (20.7%), a-phellandrene (19.7%),
germacrene D (10.8%), and B-caryophyllene
(8.2%) [72]
S. farfarifolius Turkey Aerial parts 0.29 77, 95.00 a-Pinene (48.3%), 1,8-cineole (10.3%),
germacrene D (3.4%), and sabinene (3.4%)
[73]
S. squalidus Serbia Aerial parts 0.025 58,94.10 p-Cymene (29.3%), a-phellandrene (24.7%),
and a-pinene (8.0%) [74]
S. graveolens Argentina Leaves 0.57 14,NM a-Terpinene (60.0%), p-cymene (14.0%),
terpinen-4-ol (5.5%), and a-phellandrene
(4.0%) [75]
S. chysanthemides India Aerial parts 0.02 19, 95.59 B-Thujone (84.17%) and a-terpineol(2.53%)
[76]
S. aegyptius Egypt Flowers 0.30 19, NM 1,10-Epoxyfuranoeremophilane (55.3%), 1-
nonane (17.0%), and myrcene (8.9%) [77]
Leaves 0.40 17,NM 1,10-Epoxyfuranoeremophilane (66.3%),1-
nonane (22.0%), and myrcene (3.4%) [77]
Stems 0.10 18, NM 1,10-Epoxyfuranoeremophilane (46.4%),1-
nonane (19.0%), and myrcene (10.6%) [77]
Roots 0.05 6, NM 1,10-Epoxyfuranoeremophilane (69.0%),
drima-7,9-(11)-diene (19.0%), and B-elemene
(4.2%) [T7]
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S. ambavilla

India Aerial parts 0.02 62, 97.00 allo-Aromadendrene (40%), a-pinene (14%),
a-himachalene (6.2%), and B-himachalene

(5.8%) [78]

S. anteuphorbuim

Morocco 41,78.94 Selina-4,11-diene (8.07%), B-gurjunene
(7.68%), y-cadinene (6.86%), and y-

muurolene (5.65%) [79]

Aerial parts 0.40

S. massaicus

22,97.41 m-Cymene (30.58%), n-hexadecanoic acid
(14.88%), and docosane-11-decyl (10.43%)

[80]

Algeria Aerial parts 0.18

S. pterophorus

South Africa Leaves NM 38,98.00 Limonene (10.3-32.3%), myrcene (14.4-
19.7%), sabinene (13.0-18.0%), o-
phellandrene (3.4-16.9%), and p-cymene

(15.6-16.7%) [81]

S. erucifolius

China Aerial parts 0.18 37,85.70 Dibutyl phthalate (16.2%), isoledene (7.7%),
B-cis-ocimene (5.5%), butylcyclopentane

(4.9%), and germacrene D (4.8%) [82]

S. argunensis

Russia Aerial parts 0.10 17,99.80 Germacrene D (46.5%), caryophyllene oxide
(9.9%), trans-caryophyllene (7.6%), and -

thujene (7.5%) [83]

NM - not mentioned

Table Il - Antimicrobial activities of Senecio essential oils

Essential oils

Description

S. graveolens

Bacterial effects on M. luteus, S. aureus, and C. albicans with MIC values of 8.73, 10.91, and 0.02 mg/mL,
respectively [86]

S. othonnae

Potent activity (zone of growth inhibition) against B. cereus (15 mm), S. aureus (10 mm), E. faecalis (15 mm), and
C. tropicalis (9 mm) [87]

S. nemorensis

Potent activity (zone of growth inhibition) against B. cereus (20 mm), S. aureus (17 mm), E. faecalis (18 mm), and
C. tropicalis (15 mm) [87]

S. atacamensis

Moderate inhibition against K. pneumoniae with an inhibition zone of 18 mm [64]

S. rufinervis

Exhibited significant activity against B. subtilis with an inhibition zone of 11 mm [61]

S. pandurifolius

Strong activity against M. smegmatis with an inhibition zone of 30 mm [60]

S. belgaumensis

Effective against S. faecalis, A. fumigatus, and A. niger with MIC values of 0.015, 0.045, and 0.104 mg/mL,
respectively [88]

S. selloi

Weak activity against Bacillus subtilis with MIC and MBC value of 4400 pg/mL [54]

S. leucanthemifolius

Considerable activity (zone of growth inhibition) against two E. coli genetically modified strains MG (12 mm) and
TG1 (12 mm), Rhizobium RP8 (12 mm) and B. subtilis (16 mm) [89]

S. giganteus

Moderate activity against E. coli and Shigella sp. with a diameter of inhibition of 12-14 mm. Besides, the EO was
found inactive against S. aureus, K. pneumonia, and P. aeruginosa with an inhibition diameter of 7.5-11 mm [46]

S. nutans

Exhibited an important activity with a diameter of inhibition zone growth of 22 mm and the MIC value of 0.4 mg/mL
against pathogenic bacteria V. cholera [30]

S. nudicaulis

Inhibited by Aeromonas hydrophilla (MIC value 25 uL/mL), followed by P. aeruginosa, E. coli, and S. candidus
(each MIC value of 30 uL/mL) [90]

S. acaulis

Exhibited activity against Cryptococcus neoformans and Staphylococcus aureus with 1C50 values of 36.02 and
197.98 pg/mL, respectively [42]

S. anteuphorbium

Demonstrated moderate activities with MIC values in the range of 0.51-1.02 mg/mL for yeasts and between 2.3-
4.6 mg/mL for bacteria [25]

S. glaucus

Exhibited the activity against B. subtilis and C. tropicalis with MIC value of 3.1 uL/mL [34]

S. pedunculatus

Effectiveness against Bacillus subtilis (MIC value 11.65 pL/mL) and A. flavus (MIC value 8.75 pL/mL) [28]

S. aegyptius

Significant level of activity against C. albicans (16-20 mm), S. aureus (8-10 mm), A. flavus (6-8 mm), B. subtilis (7-
9 mm), and E. coli (7-8 mm) [77]

S. crassiflorus

Active against B. cereus with MIC value of 1025 ug/mL [71]

S. pogonias

Best activity against E. coli (MIC value 2000 ug/mL), whereas S. oreophyton EO was active against S. coagulase
negative 968 (MIC value 1000 pg/mL) [43]

S. anteuphorbuim

Exhibited activity against S. aureus and E. coli with MIC values of 40.8 and 6.72 mg/mL, respectively [79]




6. CONCLUSION AND FUTURE
OUTLOOK

In the present review, the medicinal uses, the compo-
sition of EOQ and the pharmacological properties of dif-
ferent species of Senecio have been underlined. The
genus Senecio belongs to the Senecioneae tribe of the
family Asteraceae, which is distributed in Europe, west-
ern and Central Asia, and northern Africa. It has been
widely used in popular medicine in several countries due
to its interesting pharmacological properties. As of De-
cember 2022, 55 Senecio species had been studied for
their composition of EOs of various parts and evaluated
for pharmacological potential. Among these, the most
studied is S. nutans from four countries. In terms of the
EQ, Senecio EOs contain a variety of major components,
in particular monoterpenes. According to the reports
published in this regard, a-pinene has been identified as
the main component of a large number of EOs. How-
ever, the frequency of other groups of natural compo-
nents like sesquiterpenes (hydrocarbons and oxygenat-
ed) was considerably lower than that of monoterpenes.
In addition, the obtained EOs have been tested and
evaluated for their biological - mainly antimicrobial and
antioxidant - activities. However, most scientific studies
have focused on testing EOs through in vitro studies,
while biological media available in vivo and biochemical
investigations relating to the mechanism of action of the
tested EOs are lacking. Several in vitro evaluations might
be developed in vivo in order to evaluate their abilities to
address numerous diseases. Since the probable toxico-
logical impacts of the Senecio species have not so far
been evaluated, these characteristics should be taken
into consideration in future reports.
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