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Summary

Four medicinal plants from Algerian Sahara have been investigated in this study to determine
chemical composition and biological activity of these plants. Three of the studied plants
belong to Asteraceae family namely: Anthemis stiparum subsp. sabulicola, Rhanterium
suaveolens and Centaurea furfuracea and the fourth belongs to Lamiaceae family:

Marrubium deserti.

Chemical analysis of the four essential oils showed that the fraction of monoterpenes
compounds is low in all oils. Apart of that, other chemical groups fractions were different
from a plant to another. Sesquiterpenes ranged between 7.40 % and 33.85 % in R. suaveolens
and M. deserti, respectively. The highest fraction of Monoterpenoids was 48.25% in R.

suaveolens mainly represented by Perillaldehyde compound.

Antioxidant activity showed that methanolic extracts higher than essential oils for all plants.
The methanol extract of M. deserti showed the highest activity than the rest of extracts and
nearly similar to standards. Its inhibitory concentration ICs, of DPPH® was 12.87 pg/mL, and
2.51 pg/mL for g-caroten/linoleic acid assay. In CUPRAC assay methanol extract showed
higher absorbance than a-Tocopherol and BHA at 800 pug/mL concertation with AbSssonm =
3.81. whereas, essential oils did not show high antioxidant activity except essential oil of M.

deserti which showed ICsp = 21.42 pg/mL in p-caroten/linoleic acid assay.

Methanolic extracts and essential oils were tested for inhibition of acetylcholinesterase
enzyme (AChE) and butyrylcholinesterase enzyme (BChE). 1Cso of BChE inhibitory ranged
between 40.94 pug/mL and 142.07 pg/mL. However, essential oils did not record any
inhibation except A. stiparum subsp. sabulicola essential oil with 1Cso = 212.14 pg/mL.
Concerning AChE inhibition, MeOH extract of C. furfuracea demonstrated higher AChE
activity than other extracts (ICsp = 164.4 ug/mL). The essential oils were not active against
AChE.

In the study of antimicrobial and antibiofilm formation, the MeOH extract of A. stiparum
subsp. sabulicola showed the best minimum inhibitory concentration against Staphylococcus
aureus ATCC 25923 and Bacillus subtilis ATCC 6633 with 1.56 mg/mL. The same MIC was
obtained with MeOH extract of R. suaveolens against B. subtilis ATCC 6633. Concerning
antibiofilm formation activity, MeOH extract of C. furfuracea exibited highest percentage of
biofilm formation of Staphylococcus aureus ATCC 6538 P (87.90%) at 50 mg/mL.
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Summary in French (Résumé)

Cette étude est faite sur quatre plantes médicinales endémiques au désert algérien dans le but
de déterminer leurs compositions chimiques ainsi que leurs activités biologiques. Trois de ces
plantes appartiennent a la famille des Asteraceae ou Compositae (Astéracées ou Composees)
qui sont: Anthemis stiparum subsp. sabulicola, Rhanterium suaveolens et Centaurea
furfuracea. La quatrieme plante appartient a la famille des Lamiaceae ou Labiatae:
Marrubium deserti.

L’analyse chimique des huiles essentielles des plantes montre que le rapport des
monoterpenes est faible. Ce taux varie de 4.32 % avec R. suaveolens et 5.88 % avec A.
stiparum subsp. sabulicola. Pour les autres composants, les proportions varient d’une plante a
I’autre. Le taux des sesquiterpenes fluctue de 7.40 % pour les R. suaveolens a 33.85% pour les
M. deserti dans les huiles essentielles. Le pourcentage des composants monoterpénoides
atteint les 48.25% pour les R. suaveolens, essentiellement représenté par le composé
perillaldéhyde.

Les extraits méthanoliques ont montré une activité antioxydante plus élevée que les huiles
essentielles et ce pour toutes les plantes. L’extrait de méthanol de M. deserti a montré la plus
forte activité par rapport aux autres extraits. La concentration inhibitrice de 50 % des radicaux
libres, DPPH® a été ICsp = 12.87 pg/mL et ICso = 2.51 pg/mL dans le test de pg-
caroteéne/l'acide linoléique. Avec le test du CUPRAC, I’extrait de méthanol a montré une plus
grande absorption que les standards o-tocophérol et BHA a une concentration 800 pg/mL
avec Absssonm = 3.81. Les huiles essentielles ne montrent pas une forte activité antioxydante,
sauf pour I'huile essentielle de M. deserti qui a montré 1Cso = 21.42 pg/mL dans le test de -
carotene/l'acide linoléique.

Les extraits méthanoliques et les huiles essentielles ont été testés pour l'inhibition de
I’enzyme acétylcholinestérase (AChE) et I’enzyme butyrylcholinestérase (BChE). La valeur
ICso inhibitrice de BChE se situe entre 40.94 pg/mL et 142.07 pg/mL. dans les extraits
méthanoliques de R. suaveolens et Anthemis stiparum subsp. sabulicola, respectivement. Les
huiles essentielles n'ont pas enregistré d’inhibition sauf pour I’huile essentielle Anthemis
stiparum subsp. sabulicola, avec 1Csp = 212.14 pg/mL. L’extrait méthanolique de C.
furfuracea a montré une activité inhibitrice de AChE plus élevé que les autres extraits (ICsp =
164.4 png/mL). Les huiles essentielles ne sont pas actives contre I’enzyme AChE.

Dans I'étude des activités antimicrobiennes et antibiofilms pour six souches bactériennes et
une levure (Candida albicans), I'extrait méthanolique de Anthemis stiparum subsp. sabulicola
a montré la meilleure concentration minimale inhibitrice (CMI) contre Staphylococcus aureus
ATCC 25923 et Bacillus subtilis ATCC 6633 avec 1.56 mg/mL. La CMI a eté observée avec
I'extrait méthanolique de R. suaveolens contre B. subtilis ATCC 6633. En ce qui concerne
l'activité de formation des antibiofilms, I’extrait méthanolique de C. furfuracea a manifesté le
pourcentage le plus élevé de la formation de biofilm de Staphylococcus aureus ATCC 6538 P
(87.90 %) a 50 mg/mL.
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AD Alzheimer's disease
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Introduction

Medicinal plants have been added to foods since ancient times, as flavoring agents, folk
medicine and food preservatives. In addition to imparting characteristic flavors, certain
medicinal plants prolong the storage life of foods by preventing rancidity through their
antioxidant activity or through bacteriostatic or bactericidal activity (Shan et al., 2007).
Medicinal plants and their constituents are generally recognized to be safe, either because of
their traditional use without any documented detrimental impact or because of dedicated
toxicological studies (Smid and Gorris, 1999). Being natural foodstuffs, medicinal plants
appeal to many consumers who question the safety of synthetic food additives. Restrictions
imposed by competent authorities on the use of some synthetic food additives have led to
renewed interest in searching for alternatives, like natural antimicrobial compounds. The
antimicrobial and preservative activities of spices and essential oils is well documented in
many studies especially after the emergence of microbial resistance to antibiotics (Dorman
and Deans, 2000). Some medicinal plants used today are valued for their antimicrobial
activities and medicinal effects in addition to their flavor and fragrance qualities. The extracts
of many plant species have become popular in recent years and attempts to characterize their
bioactive principles have gained momentum for varied pharmaceutical and food processing
applications. The antimicrobial activities of plant extracts form the basis for many
applications, including raw and processed food preservation, pharmaceuticals, alternative

medicines and natural therapies (Lis-Balchin and Deans, 1997).

Natural products obtained from medicinal plants are generally practiced and progressively
used in management of many diseases. It has produced significant drugs both in their natural
form as well as templates for synthetic modifications.

Many secondary metabolites have been reported from higher plants. Out of the various classes
of natural products reported. phenyl propanoids, polyketides, terpenoids and alkaloids are the

most important (Li et al., 2006).

Numerous plants are capable of producing bioactive compounds, perhaps as a chemical
defense mechanism against predation or infection. The recent interest in larvicidal compounds
from higher plants is largely a result of the many problems associated with the extensive use

of synthetic insecticides which are an increasing hazard to human health and the environment.
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Reactive oxygen species (ROS) are derived from the metabolism of molecular oxygen
(Halliwell, 1999). ROS normally exist in all aerobic cells in balance with biochemical
antioxidants. Oxidative stress occurs when this critical balance is disrupted because of excess
ROS, antioxidants depletion, or both. Because of its high metabolic rate and relatively
reduced capacity for cellular regeneration, the brain is believed to be particularly susceptible
to the damaging effects of ROS (Klein and Ackerman, 2003; Scandalios, 2002). Oxidative
stress has been implicated as one of the earliest events in Alzheimer's disease (AD) (Barja,
2004). In neurodegenerative diseases like Parkinson's, Alzheimer's and amyotrophic lateral
sclerosis (ALS), ROS damage has been reported within the specific brain region that undergo
selective neurodegeneration. Protein oxidation has been reported in the hippocampus and
neocortex of patients with AD, Lewy bodies in Parkinson's disease and within the motor
neurons in ALS (Barja, 2004; Waris and Ahsan, 2006).

Acetylcholinesterase (AChE) is the principal enzyme involved in the hydrolysis of
acetylcholine (ACh). The great reduction of this neurotransmissor in the cerebral cortex is a
significant factor in AD. Since ancient times phytochemicals have been used in the Chinese
and Ayurvedic cultures to restore and declining cognitive functions lost with progression of
AD. Many essential oils and their monoterpenes have been also investigated for their capacity
of inhibiting AChE such as eugenol (Dohi et al., 2009).

Due to its variety of geographical locations, Algeria has a rich flora of medicinal plants. There
are about 3500 plant species reported in Algeria among which 500 are regarded of medicinal
values (Quézel and Santa, 1963).

One of the motives that stimulate the interest in this subject, especially in the desert area, is
the diversity of vegetation and their content in natural products that can have therapeutic

benefit.

In the study in hand, four medicinal desertic plants are highlighted with their biological effect
through the study of antioxidant, antibiofilm and acetylcholineseterase activities of their
essential oils and methanol extracts. Moreover, polyphenols and falvonoids content and
GC/MS analysis of essential oils were carried out. Three of those plants which belong to
Asteraceae or Compositae family are: Centaurea furfuracea Coss. & Dur., Rhanterium
suaveolens Desf. and Anthemis stiparum subsp. sabulicola (Pomel) Oberpr. The later is

endemic only in north fringe of Algerian Sahara. The last plant which belongs to Lamiaceae
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or Labiatae family, it is scientific name is: Marrubium deserti De Noé. Which is endemic in

central and north Algerian Sahara.

The main objectives of this study were:

v' Extraction of the essential oils and methanol extracts

v" Determination of polyphenols and flavonoids content of methanol extracts.

v Determination the chemical composition of essential oils by GC/MS analysis.

v" Antioxidant activity using three methods (DPPH, CURAC and pg-caroten/linoleic
acid).

v" Acetylcholinesterase activity.

v Antimicrobial activity and antibiofilm formation.
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I. ESSENTIAL OILS

Essential oils are volatile, natural and complex compounds characterized by a strong odour
and formed by aromatic plants as secondary metabolites. They are usually obtained by steam
or hydro-distillation (Bakkali et al., 2008). They have a low solubility in water but are soluble
in fats, alcohol, organic solvents and other hydrophobic substances and are generally liquid at

room temperature (Thormar, 2010).

Some plant families are particularly well known for their oil-bearing species. These include
Apiaceae (Umbelliferae), Asteraceae (Compositae), Cupressaceae, Hypericaceae (sometimes
included as a subfamily of the Guttiferae/Clusiaceae), Lamiaceae (Labiatae), Lauraceae,
Fabaceae (Leguminosae), Liliaceae, Myrtaceae, Pinaceae, Piperaceae, Rosaceae, Rutaceae,

Santalaceae, Zingiberaceae and Zygophyllaceae (Thormar, 2010).

Essential oils can be located in all plant organs: flowers (Ferulago angulata) (Akhlaghi,
2008), leaves (Torilis arvensis) (Saad et al., 1995), and although this seems unusual, in: roots
(Heracleum persicum) (Mojab and Nickavar, 2010), rhizomes (Zingiber officinale) (Geiger,
2005), wood (Santalum album) (Howes et al., 2004), bark (Cinnamomum verum) (Jham et al.,
2005), fruits (Daucus carota) (Glisi¢ et al., 2007), or seeds (Daucus carota) (Musa Ozcan and
Chalchat, 2007).

1. Chemistry of Essential Oils

In general, pure essential oils can be subdivided into two distinct groups of chemical
constituents; the hydrocarbons which are made up almost exclusively of terpenes
(monoterpenes, sesquiterpenes, and diterpenes), and the oxygenated compounds which are

mainly esters, aldehydes, ketones, alcohols, phenols, and oxides.

Essential oils may comprise volatile compounds of terpenoid or non-terpenoid origin. All of
them are hydrocarbons and their oxygenated derivatives. Some may also contain nitrogen or
sulphur derivatives. They may exist in the form of alcohols, acids, esters, epoxides,
aldehydes, ketones, amines, sulphides, etc. Monoterpenes, sesquiterpenes and even diterpenes
constitute the composition of many essential oils. In addition, phenylpropanoids, fatty acids
and their esters, or their decomposition products are also encountered as volatiles (Berger,
2007).
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There are two main types of component in essential oils: hydrocarbons (carbon and hydrogen
only) and oxygenated hydrocarbons, which also contain oxygen. These are subdivided into

groups based on their structures.

1.1. Terpenes Hydrocarbons

Terpenes are a very large group of plant hydrocarbons formed by polymerization of five
carbon atom units (isoprenes) that form in both chains and rings. They may be reduced and
oxidized into a vast array of other compounds including alcohols, lactones, acids and
aldehydes, thus the starting point of synthesis of the majority of aromatic compounds.
Terpenes are present in the resinous foliage of leaves. Terpene compounds heavier than
diterpene do not contribute to the odour of essential oils, although they may be present
(Hunter, 2009).

The majority of essential oils fall into this category; these contain molecules of hydrogen and
carbon only and are classified into terpenes (monoterpenes: C10, sesquiterpenes: C15, and
diterpenes: C20). These hydrocarbons may be acyclic, alicyclic (monocyclic, bicyclic or
tricyclic) or aromatic. Limonene, p-menthane, a-pinene, B-pinene, a-sabinene, p-cymene,
myrcene, a-phellandrene, thujane, fenchane, farnesene, azulene, cadinene and sabinene are
some examples of this family of products. These compounds have been associated with

various therapeutic activities (Djilani and Dicko, 2012).

1.1.1. Monoterpenes

Monoterpene compounds are found in nearly all essential oils and have a structure of ten
carbon atomes (two isoprene units) (Hunter, 2009) with the molecular formula CioHis
(Pengelly, 2004). Approximately 1500 monoterpenoids have been described (Breitmaier,
2006), Monoterpenes may be cyclic (that is, ring-forming) or acyclic (also known as linear),
regular or irregular, and their derivatives include alcohols, esters, phenols, ketones, lactones,
aldehydes and oxides (Keszei et al., 2008; Thormar, 2010). Monoterpenes have many
different activities. Some are antiseptic, anti-bacterial, stimulating analgesic (weak), and
expectorant, while other specific terpenes have anti-fungal, anti-viral, antihistaminic, anti-
rheumatic, anti-tumor (antiblastic, anti-carcinogenic), hypotensive, insecticidal, purgative, and

pheromonal properties. some monoterpenes include the following:

Pinenes (a- & p-) have strong antiseptic, anti-bacterial, anti-fungal, and expectorant

properties.
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Camphene is an insect repellant and according to the Phytochemical Dictionary, it is “used to

reduce cholesterol saturation index in the treatment of gallstones”.(Baxter et al., 1998)
p-Myrcene is a cancer-preventative (Higley and Higley, 1998).

d-limonene is anti-cancerous, anti-bacterial, anti-fungal, antiseptic (5x phenol), and highly
anti-viral. It can be found in 90% of the Citrus oils (Higley and Higley, 1998).

CH3 CH,
CH,
CH;
CHs CHs
a-Pinene S-Pinene
CH,
H,C
H3CI>
HsC
H,C CH,
Camphene d-limonene
CH, CH,
CH
X =
H3Cw
[-Myrcene

Figure 1. Chemical structure of some monoterpenes

Note: all chemical structures from (ChemSpider)

1.1.2. Sesquiterpenes

Sesquiterpenes are found in great abundance in essential oils and consist of 15 carbon atoms
or three isoprene units linked to each other, head to tail, giving them the molecular formula
CisHa4. This formation can produce more than 300 different hydrocarbon sesquiterpenes

(Hunter, 2009). Sesquiterpenes may be linear, branched or cyclic (Thormar, 2010). They are
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antibacterial, strongly anti-inflammatory, slightly antiseptic and hypotensive and
sedative. Some have analgesic properties, while others are highly antispasmodic. some

sesquiterpenes include the following:

p-Caryophyllene is anti-edemic, anti-inflammatory, anti-spasmodic, and an insect and

termite repellant. Found in high proportions in plants from the Labiatae family
Chamazulene is very high in anti-inflammatory and anti-bacterial activity.

Farnesene is anti-viral in action (Higley and Higley, 1998).

CH,
H
HsC
CH,4
CHs HaC J

H
H,C

H,C 2

Chamazulene [S-Caryophyllene

CH;

H,C——

Farnesene

Figure 2. Chemical structure of some sesquiterpenes

1.2. Oxygenated Compounds

Oxygenated compounds contain oxygen molecules within their structures. These include
alcohols, aldehydes, amides, carboxylic acids, esters, ketones, nitro compounds and oxides
(Hunter, 2009).
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1.2.1. Phenols

Phenols are compounds that have one or more hydroxyl groups and their names usually end in
—ol. (-OH) attached (Vermerris and Nicholson, 2007). However, in phenols, the -OH is
attached directly to an aromatic ring, which makes the -OH group very weakly acidic and
fairly reactive. Consequently, phenols may be irritating to the skin and mucous membranes
(Hunter, 2009; Tisserand and Young, 2014). They are antiseptic, anti-bacterial, and strongly
stimulating but can also be quite caustic to the skin. They contain high levels of oxygenating

molecules and have anioxidant properties.
Eugenol may be found in clove and cinnamon oil.
Thymol is found in thyme and may not be as caustic as other phenols.

Carvacrol may be found in oregano and savory. Researchers believe it may possibly contain

some anti-cancerous properties.(Higley and Higley, 1998).

CH, CHj

/

OH

HsC CH;
HO O——CH,

Eugenol Thymol
CH,4

OH

HsC CHj
Carvacrol

Figure 3. Chemical structure of some phenols
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1.2.2. Alcohols

Alcohols are very similar to phenols and aldehydes in structure. Alcohols contain the
hydroxyl functional group, and are perhaps the most varied group of terpene derivatives found
in essential oils. The names of all alcohols end in —ol. Monoterpene alcohols are not large in
number, but occur in a great many number of essential oils. There are many sesquiterpene
alcohols, but most of them are found in few essential oils. They are antimicrobial, antiseptic,
tonifying, balancing and spasmolytic. Examples of essential oil alcohols are linalool, menthol,
borneol, santalol, nerol, citronellol and geraniol (Djilani and Dicko, 2012; Hunter, 2009;
Pengelly, 2004; Tisserand and Young, 2014).

CHj;

Hs;C

H3C

H,C——
geraniol linalool
CHy
CHj,
\\\\\OH
HsC
! OH
HsC
H,C CHs
borneol menthol
CHs
CHj CHj
HO CH, \
- HsC OH
CH,
nerol citronellol

Figure 4. Chemical structure of some Alcohols
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1.2.3. Aldehydes

These compounds contain the -CHO functional group, which one hydrogen atom is bonded to
a carbonyl group at the end of a hydrocarbon chain. The names of aldehydes end in -al or —
aldehyde. Therapeutically, certain aldehydes have been described as: antiviral, antimicrobial,
tonic, vasodilators, hypotensive, calming, antipyretic and spasmolytic. Common examples of
aldehydes in essential oils include citral (geranial and neral), myrtenal, cuminaldehyde,
citronellal, cinnamaldehyde and benzaldehyde (Djilani and Dicko, 2012; Pengelly, 2004;
Tisserand and Young, 2014).

O— H CH3

H —O0

HsC CHs
myrtenal cinnamaldehyde citronellal
Figure 5. Chemical structure of some Aldehydes

1.2.4. Esters

Esters (R-CO-O-R’) are formed from acids and alcohols, their names generally contain the
roots: -yl and —ate. The esters found in essential oils are normally very fragrant and tend to be
fruity and their therapeutic effects include being sedative and antispasmodic. Some esters also
have anti-fungal and anti-microbial properties. They are generally present in small amounts.
They include for example, linalyl acetate, geraniol acetate, eugenol acetate and bornyl acetate
(Djilani and Dicko, 2012; Hunter, 2009; Pengelly, 2004; Tisserand and Young, 2014).

10
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H;C

H,C—— CH,
linalyl acetate eugenol acetate
CH, CH, )T\
HsC O CHs

geraniol acetate

Figure 6. Chemical structure of some Esters

1.2.5. Ketones

Ketones are structurally similar to aldehydes and also possess a carbonyl group. Their names
generally end in —one. Ketones are often present in small quantities in plants and provide
fruity flavours in fruits. In some cases, ketones are neurotoxic and abortifacients such as
camphor and thujone, but have some therapeutic effects. They may be mucolytic, cell
regenerating; sedative, antiviral, analgesic and digestive. Common examples of ketones found
in essential oils include carvone, menthone, pulegone, fenchone, camphor, thujone and
verbenone (Djilani and Dicko, 2012; Gali-Muhtasib et al., 2000; Hunter, 2009; Tisserand and
Young, 2014).

ch CH3 CH3

H;C

CH,
CHj

H,C HsC CHs H
carvone menthone pulegone

Figure 7. Chemical structure of some Ketones
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1.2.6. Lactones

Lactones are cyclic esters, contain an ester functional group in the cyclic part of the molecule.
The names of lactones are rather variable, although the suffixes -olide and -lactone are fairly
common. Some examples of lactones are nepetalactone, bergaptene, costuslactone,
dihydronepetalactone, alantrolactone, epinepetalactone, aesculatine, citroptene, and psoralen.
They may be used for antipyretic, sedative and hypotensive purposes, but their
contraindication is allergy, especially such involving the skin (Djilani and Dicko, 2012;
Hisnd et al., 2007; Tisserand and Young, 2014).

Coumarin is a benzenoid lactone that is found in several essential oils, as well as in the form
of derivatives. Consisting of two fused rings, it might be considered as a structural moiety as
well as a functional group. Coumarin has a vanilla-like odor, and is responsible for the smell
of new-mown hay. Citropten, the 5,7-dimethoxy derivative of coumarin, is phototoxic
(Djilani and Dicko, 2012).

CH, HaC
H

=

o)
O O
H
o CHa HC
nepetalactone costuslactone alantrolactone
Figure 8. Chemical structure of some Lactones
1.2.7. Ethers

Ethers are compounds in which an oxygen atom in the molecule is bonded to two carbon
atoms. Common examples of Ethers in essential oils include p-Asarone, Elemicin, Estragole,
Methyleugenol, Phenylethyl methyl ether, Myristicin and Safrole. Ethers also exist in cyclic
forms, where an oxygen atom forms part of a ring. These ethers are also known as oxides. The
most important oxide found in essential oils is cineole, which exists in two forms (1,8-cineole
and 1,4-cineole). Other examples of oxides are bisabolone oxide, linalool oxide, sclareol
oxide and ascaridole. Their therapeutic benefits are expectorant and stimulant of nervous

system. Another type of cyclic ether is the epoxide. In this case, the oxygen atom forms part

12
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of a 3-membered ring with two carbon atoms, e.g., limonene 1,2-epoxide (Buckle, 2003;
Djilani and Dicko, 2012).

O CHj
H3C/ X
O Ot
H3C CH3
o o)
| HaC
CHs o
S-Asarone Methyleugenol
/CH2
/O
H,C
0 O——CH,
CH,
Elemicin

Figure 9. Chemical structure of some Ethers

1.2.8. Nitrogen Compounds

Methyl anthranilate is a very freshly scented citrus-floral odour compound. As secondary
metabolites, amines maybe generally involved in growth regulation of plants and along with
other aromatic chemicals, methyl anthranilate has been found to be both a bird attractant and
repellent. Amines are very reactive to air and darken on exposure, as well as being
photosensitive. They can also react with aldehydes to form aldimines. Amines are produced
through a degradation pathway controlled by amine oxidase enzymes, within the amino acid
pathway. Indole and skatole are two other nitro compounds aromatic compounds that are
found in plants. They are heterocyclic compounds and act as hormones in plants (Hunter,
2009).

13
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H
N
H,N 0] \ /
N
0 H CHs
CHs
Methyl anthranilate Indole skatole

Figure 10. Chemical structure of some Nitrogen Compounds

1.2.9. Sulphur Compounds

A few plants are known to contain volatile sulphur compounds such as dimethyl sulphide,
dimethyl disulphide and dimethylthiophene in garlic, onion, leek and shallots. Little is known
about the purpose of sulphur compounds in plants except they play some role against
pathogens and nitrogen detoxication of plants. Sulphur compounds are believed to be derived

through a sulphur reduction pathway (Hunter, 2009).

CHj;

HaC—S HsC—S

H,C
dimethyl sulphide dimethyl disulphide 2,5-Dimethylthiophene
Figure 11. Chemical structure of some Sulphur Compounds

2. Biosynthesis of essential oils

The chemicals present in essential oils are synthesized during normal development of the
herbs and may be classified as hydrocarbons built from multiple of 5-carbon hemiterpenoid
units, oxygenated derivatives of these hydrocarbons, aromatic compounds having a benzoid
structure and compounds containing sulphur or nitrogen (Makang’a, 2012). Chemically, the
essential oils are composed of terpenoids and aromatic polypropanoids synthesized via the
melvalonic acid pathway for terpenes and the shikimic acid pathway for aromatic
polypropanoids (Simon et al., 1990). These pathways are schematically represented in Figure
12.

14
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Carbon Dioxide
fatty acid/ » Green Leaf
lipoxygenase Volatiles

) Acetyl Co-enzyme A
Calvin cycle

/ pathway
Glucose glycolysis » Glycerald-3-P H3C\n/ O~
+ Pyruvate 0
pentose phosphate hexenyl acetate
or glycolysis alt. IPP mevalonate
pathway | pathway
Erythrose-
phosphate Isopentenyl Pyrophosphate —— Homoterpenes
1 shikimic acid/ / \ N
tryptoph th
SRS Ry dimethyl-
Indole-3-glycerol-P Monoterpenes Sesquiterpenes || nonatriene
l tryptophan or non- P OH
tryptohan pathway .
CD L)
N | |
Indole ocimene linalool farnesene caryophyllene

Figure 12. Biosynthetic pathways leading to the release of plant volatiles (Paré and
Tumlinson, 1999)

3. Extraction of essential oils

The choice of extraction method for the recovery of essential oils and other volatile materials
from plants has great bearing on the composition and quality of the crude product and the
viability of the whole enterprise. There are a variety of methods available for extracting
volatile constituents from plants. The chemical composition and yield of the extract will vary
greatly according to the chosen method of extraction. True essential oils are extracted through
various distillation methods. However a number of volatile constituents of plants are very
fragile and susceptible to heat, reactive to moisture during extraction and are difficult to
liberate from the surrounding plant material, thus other more situational effective methods of

extraction are also utilized (Hunter, 2009).

Methods to isolate essential oils may be categorized into enfleurage, steam distillation,
solvent extraction, hydrodistilation, and supercritical fluid extraction. Hydrodistillation or
steam distillation is the most widely utilized physical method for isolating essential oils from
the botanical material (Hussain, 2009; Masango, 2005; Whish, 1996).

15
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3.1. Distillation

This is the most popular. widely used and cost-effective method for producing essential oils
throughout the world. Distillation simply implies vaporizing or liberating the volatile
compounds from the oil glands in the plant tissue in the presence of moisture, by applying
high temperature and then cooling the vapour mixture to separate the oil from the water on the
basis of the immiscibility and density of the essential oil with respect to water. There are
different techniques of distillation: water distillation (only water is used), water and steam
ditillation (both water and steam are used) and direct steam distillation (only steam is used)
(Bialecki and Smadja, 2014; Handa, 2008).

3.1.1. Hydro-distillation

In water distillation, the plant material is placed inside a still compartment and immersed in
water that is then brought to boil by heating. This process frees plant biochemicals,
particularly volatile compounds (essential oils), from the plain tissue. The vapor is then
condensed by indirect cooling with water. The distillate is then filtered through a separator to
separate oil from distillate water. It is mostly applicable to such plant material which is dried
initially in air and the constituents are not degraded by boiling upto 100 °C (Handa, 2008;
Kar, 2003).

3.1.2. water and steam distillation

The equipment used for water and steam distillation is similar to that used for water
distillation. The difference is that the plant material is placed above the boiling water on a
perforated grid in water and steam distillation. When compared with water distillation. this
method produces a higher yield of oil with less hydrolysis and polymerization while being
faster and more energy efficient. It is often suitable for such plant material, whether fresh or
dried, the constituents of which undergo degradation by direct boiling (Handa, 2008; Kar,
2003).

3.1.3. Direct Steam distillation

Direct Steam distillation is a method for distilling compounds which are heat-sensitive, the
steam used to distil plant materials is generated from a boiler placed outside the still. This
distillation method is advantageous because the released steam can easily be controlled and
the temperature generated will not exceed 100 °C so thermal degradation of phytochemicals is
less likely to occur. It is invariably applicable to fresh drugs that is loaded with sufficient

natural moisture and hence no maceration is required (Handa, 2008; Kar, 2003).
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3.2. Expression

Expression or cold pressing is a process in which the oil glands within the peels are
mechanically crushed to release their content. Expression is used almost exclusively for citrus
family (Clarke, 2008; Kubeczka, 2010).

3.3. Enfleurage

Some flowers do not respond well to heat, so the essential oil must be extracted using some
other method. In enfleurage, thin layers of cold, odourless fat are coated onto glass plates
called chassis and the plant material is spread in layers onto the top of the fat. Other chassis
with fat and plant material are stacked onto each other and the essential oil is absorbed into
the fat. The resulting oil/fat mixture is called a pomade. The pomade is washed with hexane to
dissolve the essential oil. After removal of hexane, the residue is washed with alcohol and the

resultant solution is evaporated to give purer essential oil (Buckle, 2003; Clarke, 2008).

3.4. CO, extraction (Supercritical Carbon Dioxide gas)

CO, becomes hypercritical at 33 °C, which is a state in which it is not really gas or liquid, but
has qualities of both, and is an excellent solvent to use in the extraction of essential oils since
the low temperature required and the fact that the process is near to instantaneous. CO; is
furthermore inert and therefore does not chemically interact with the essence that is being
extracted. To remove the carbon dioxide solvent, you simply need to remove the pressure
under which it is kept. This process has to take place in a closed chamber for the hypercritical
pressure required for carbon dioxide is 200 atmospheres - that is 200 times the pressure of
normal atmosphere (Buckle, 2003; Clarke, 2008; Hunter, 2009).

3.5. Solvent extraction

An organic solvent such as propanone, petroleum ether or hexane is added to the plant
material to help dissolve the essential oil. When the solution is filtered and concentrated by
distillation, a substance containing a combination of wax and essential oil. From the
concentrate, pure alcohol is used to extract the oil. When the alcohol evaporates, the oil is left
behind. This is not considered the best method for extraction as the solvents can leave a small
amount of residue behind which could cause allergies and effect the immune system (Clarke,
2008).
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3.6. Microwave-Assisted Extraction

Microwave is a non-contact heat source which can achieve a more effective and selective
heating. With the help of microwave. In this method, plant materials are extracted in a
microwave reactor with or without organic solvents or water under different conditions
depending on the experimental protocol. The first Microwave-Assisted Extraction of essential
oils was proposed as compressed air microwave distillation. Based on the principle of steam
distillation, the compressed air is continuously injected into the extractor where vegetable
matrices are immersed in water and heated by microwave. The water and essential oils are

condensed and separated outside the microwave reactor (Li et al., 2014).

Table 1. Advantages and disadvantages of various extraction processes (Buckle, 2015)

Extraction process | Advantages Disadvantages

Economical ] )
o . Changing constituents
Distillation large quantities can be processed

) Depending on time/temp
Little labor needed

. Some flavoring left
. No heat required _ ]
Expression ) Only citrus peel oils
Simple apparatus o _
Oxidize quickly

Time consuming

Enfleurage Low temperature needed Labor intensive
expensive
Constant product Expensive

CO; extraction ] ) o
No heat used Different chemistry to essential oil

) Solvent residues
Solvent extraction | Constant product ) ) o
Different chemistry to essential oil

4. Biological activities of Essential oils

4.1. Antioxidant Activity

Essential oils and extracts from botanical materials are known to have varying degrees of
antioxidant activities. Some recent publications showed antioxidative activities of essential
oils. Some of these essentials oils and extracts have been reported to be more effective than
some synthetic antioxidants. Literature reported the antioxidant activities of the Mentha
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essential oils. Recently, many studies have focused on the biological and antioxidant activities
of the Origanum and Rosemary essential oils. Rosemary’s antioxidant extracts are still used to
extend the shelf-life of prepared foods. Melissa officinalis essential oils and extracts also
exhibited good antioxidant potential. The antioxidant effects of plant essential oils and
extracts are mainly due to the presence of hydroxyl groups in their chemical structure
(Bakkali et al., 2008; Djilani and Dicko, 2012; Hussain, 2009).

The antioxidant activity that some essential oils possess is not surprising in view of the
presence of phenol groups. It is well known that almost all phenols can function as
antioxidants of lipid peroxidation because they trap the chain-carrying lipid peroxyl radicals.
Plant phenolics are multifunctional and can act as reducing agents, hydrogen-donating
antioxidants and singlet-oxygen quenchers; therefore, dietary antioxidants are needed for
diminishing the cumulative effects of oxidative damage (Koroch et al., 2007; Ruberto and
Baratta, 2000).

Many EOs also exhibit antioxidant activity and therefore several studies have been carried out
in order to elucidate the activity of the components. For instance, y-terpinene retarded the
peroxidation of linoleic acid, sabinene showed strong radical-scavenging capacity, a-pinene
and limonene showed low antioxidant activity in the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
test, while terpinene and terpinolene showed high hydrogen-donating capacity against the
DPPH radical (Koroch et al., 2007).

4.2. Antimicrobial Activity

A number of methods used for evaluation of Antimicrobial activity of essential oils have been
reported in literature. Different assays like disc diffusion assay, well diffusion assay,
microdilution assay, measurement of minimum inhibitory concentration are often used for
measuring the antimicrobial activity of essential oils and plants based constituents (Burt,
2004).

A wide variety of essential oils are known to possess antimicrobial properties and in many
cases this activity is due to the presence of active constituents, mainly attributable to isoprenes
such as monoterpenes, sesquiterpenes and related alcohols, other hydrocarbons and phenols
(Burt, 2004; Kalemba and Kunicka, 2003; Koroch et al., 2007).
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In the antimicrobial action of essential oil components, the lipophilic character of their
hydrocarbon skeleton and the hydrophilic character of their functional groups are of main
importance in the antimicrobial action of EO components. Therefore, a rank of activity has
been proposed as follows: phenols > aldehydes > ketones > alcohols > esters > hydrocarbons
(Kalemba and Kunicka, 2003).

4.3. Cytotoxic activity

Due to a number of chemical constituents, essential oils apparently have no specific cellular
targets. Cytoplasmic membrane is passed through easily by essential oils which disrupt its
structure and make it permeabilized. Cytotoxicity can thus cause such damage to cell-
membrane. Essential oils have ability to coagulate the cytoplasm, hence damaging lipids and
proteins. Injury to the cell wall and cell membrane can lead to lysis and to the escape of
macromolecules (Bakkali et al., 2008; Burt, 2004).

Various assays are reported in the literature to evaluate the cytotoxic activities of essential oils
or their main constituents using fluorescent dyes or specific cell staining including MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide) test. MTT assay has been
extensively reported because of its simplicity and reliability to measure cell viability for
screening of antiproliferative agents (Hussain, 2009).

Mostly alcohols, phenols and aldehydes are responsible for the cytotoxicity of essential oils.
This cytotoxic property is of immense worth with regard to the applications of essential oils,
not only for the preservation of marine or agricultural products but also against certain animal

or human parasites or pathogens (Bruni et al., 2004; Hussain, 2009).

Essential oils along with some of their constituents are certainly effective against a variety of
organisms including virus, bacteria and fungi. Carvacrol, a main constituent of Origanum
majorana and Melissa officinalis essential oils, is reported to reduce the fluidity of the

membrane by changing its fatty acid profile (Hussain, 2009).

4.4. Other activities

Potential activities for the treatment of AD were demonstrated in a pilot open-label study
involving oral administration of the essential oil of Salvia lavandulaefolia (Perry et al., 2003).
Also, essential oil have been showed other activities such as antitumor, anti-nociceptive,
anticancer and antiphlogistic (Adorjan and Buchbauer, 2010).

20



Chapter 2
Phenolic
compounds



Phenolic compounds

Il. PHENOLIC COMPOUNDS

Phenolic or polyphenolic compounds are bioactive non-nutritional substances widely
distributed in the plant kingdom and are the most abundant secondary metabolites of plants,
with more than 8,000 phenolic structures currently known, ranging from simple molecules
such as phenolic acids to highly polymerized substances such as tannins (Dai and Mumper,
2010; Huang et al., 2009; Yordi et al., 2012). They act as natural antioxidants and their
presence contributes to the color, flavor and aroma of food (Yordi et al., 2012). Chemically,
they are compounds possessing one or more aromatic rings with one or more hydroxyl groups
(Dai and Mumper, 2010).

1. Classification

According to number and arrangement of their carbon atoms, phenolic compounds can be
classified in a number of ways (Vermerris and Nicholson, 2006). Harborne classified these
compounds into groups based on the number of carbons in the molecule (Table 1) (Harborne,
1989), the most common groups of phenolic compounds are phenolic acids and flavonoids
(Bravo, 1998; Harborne, 1989).

Table 2. The major classes of phenolics in plants

Number Basic Number Class Examples
of skeleton of
carbon phenolic
atoms cycles
6 C6 1 Simple phenols, Catechol, Hydroquinone, 2,6-
. Dimethoxybenzoquinone
Benzoquinones
7 C6-C1 1 Phenolic acids, Phenolic Gallic, salicylic acids
aldehydes
8 C6-C2 1 Acetophenones, Tyrosine 3-Acetyl-6-
derivatives, Phenylacetic methoxybenzaldehydg, Ty_rosol,
p-Hydroxyphenylacetic acid,
acids Homogentisic acid
9 C6-C3 1 Hydroxycinnamic acids, Caffeic, ferulic acids, Myristicin,
Phenvipropenes Eugenol, Umbelliferone,
YIPropenes, aesculetin, Bergenon, Eugenin
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Coumarins, Isocoumarins,

Chromones
10 C6-C4 1 Naphthoquinones Juglone, Plumbagin
13 C6-C1-C6 |2 Xanthonoids Mangiferin
14 C6-C2-C6 |2 Stilbenoids, Resveratrol, Emodin
Anthraquinones
15 C6-C3-C6 | 2 Chalconoids, Flavonoids, Quercetin, cyanidin, Genistein
Isoflavonoids,
Neoflavonoids
16 C6-C4-C6 | 2 Halogenated algal phenolic | Kaviol A, colpol
compounds
18 (C6-C3)2 |2 Lignans, Neolignans Pinoresinol, Eusiderin
30 (C6-C3- 4 Biflavonoids Amentoflavone
C6)2
many (C6-C3)n, |n>12 Lignins, Raspberry ellagitannin,
(C6)n, Catechol melanins, Tannic acid
(C6-C3- Flavolans (Condensed
C6)n tannins),

Polyphenolic proteins,

Polyphenols

2. The main classes of phenolic compounds

2.1. Flavonoids

Flavonoids are polyphenolic compounds comprising 15 carbons, widely distributed in the

plant kingdom (Crozier et al., 2009). These compounds commonly have the basic skeleton of

phenylbenzopyrone structure (C6-C3-C6) (Huang et al., 2009), consists of two aromatic rings

(A and B) linked through three carbons that usually form an oxygenated heterocycle (C)
(Figure 14) (Bravo, 1998).
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Figure 13. Basic Structure and numbering system of Flavonoids

In nature, flavonoids can occur either in the free or conjugated forms, and often in plants they
are mainly present as glycosides with a sugar moiety or more sugar moieties linked through
an OH group (O-glycosides) or through carbon-carbon bonds (C-glycosides); but some
flavonoids are present as aglycones. More than 80 different sugars have been discovered
bound to flavonoids, and common glycosides include glucoside, glucuronide, galactoside,

arabinoside, rhamnoside, apiosylglucoside, and malonyl (Huang et al., 2009).

Flavonoids also occur as sulfated and methylated derivatives, conjugated with
monosaccharides and disaccharides and forming complexes with oligosaccharides, lipids,
amines, carboxylic acids and organic acids (Giada, 2013). Hydroxyl groups are usually
present at the 4-, 5- and 7-positions. Sugars are very common, with the majority of flavonoids
existing naturally as glycosides. Whereas both sugars and hydroxyl groups increase the water
solubility of flavonoids, other substituents, such as methyl groups and isopentyl units, make

flavonoids lipophilic (Crozier et al., 2009).

According to the degree of hydroxylation and the presence of a C2-C3 double bond in the
heterocycling pyrone ring (Giada, 2013), flavonoids can be divided into 13 classes (Table 2).
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Table 2. Classification of flavonoids (Bravo, 1998)
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Biflavonoid

Proanthocyanidins or Condensed tannins

2.2. Phenolic acids

Phenolic acids can be divided into two groups: Hydroxybenzoic acids and Hydroxycinnamic

acids which are derivatives of benzoic and cinnamic acid, respectively.

Four Hydroxybenzoic acids occur commonly: phydroxybenzoic acid, vanillic acid, syringic
acid, and protocatechuic acid. A common hydroxybenzoic acid is also salicylic acid (2-
hydroxybenzoate). Gallic acid (Figure 14) is a trihydroxyl derivative which participates in the
formation of hydrolysable gallotannins (Strack, 1997). It is commonly used in the
pharmaceutical industry. Also, it is used as a standard for determining the phenol content of
various analytes by the Folin-Ciocalteau assay; results are reported in gallic acid equivalents
(Fiuza et al., 2004; Waterhouse, 2001).

The hydroxycinnamic acids and their derivatives are more common than are the
hydroxybenzoic acids in foods The four most widely distributed hydroxycinnamic acids in
plants are p-coumaric acid, caffeic acid, ferulic acid and sinapic acid (Shahidi and Chi-Tang,
2005).
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HO
OH

HO
OH

Figure 14. Structure of Gallic acid

2.3. Tannins

Tannins are complex polyphenolics of intermediate to high molecular weight ranging from
500 to > 20.000 Da. Found widely in the plant kingdom, they are found in leaves, twigs,
flowers, fruits and tree bark. (Alokan and Aletor; Hagerman and Butler, 1978; Santos-Buelga
and Scalbert, 2000). They are thought by some to constitute one of the most important groups
of higher plant defensive secondary metabolites (Nascimento et al., 2013).

Tannins can be classified into two major groups: hydrolysable tannins and non-hydrolysable
or condensed tannins (Chung et al., 1998). There is a third group of tannins, phlorotannins,
which are only found in brown seaweeds and are not commonly consumed by humans (Giada,
2013).

2.3.1. The hydrolysable tannins

Hydrolysable tannins are compounds containing a central core of glucose or another polyol
esterified with gallic acid, also called gallotannins, or with hexahydroxydiphenic acid, also
called ellagitannins (Dai and Mumper, 2010). The best-known hydrolyzable tannin is tannic
acid (Figure 15), which is a gallotannin consisting of a pentagalloyl glucose molecule that can

further esterify with another five gallic acid units (Bravo, 1998).

Hydrolysable tannins are usually present in low amounts in plants Phenolic Extractives and
Natural Resistance of Wood and can be broken down to their hydrolysis upon heating with

weak acids or enzymatically (Alokan and Aletor).
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Figure 15. Structure of tannic acid

2.3.2. The condensed tannins

Condensed tannins (also called proanthocyanidins) are oligomers or polymers of flavonoid

units (i.e. flavan-3-ol) linked by carbon-carbon bonds not susceptible to cleavage by

hydrolysis (Nascimento et al., 2013). Condensed tannins are natural preservatives and

antifungal agents, found in high concentrations in the bark and wood of some tree species

(Nascimento et al., 2013; Zucker, 1983).

The ability of tannins to precipitate proteins depends on their molecular weight, water

solubility, conformation and compatibility of binding sites. It also depends on the properties

of the solvent especially its pH. Reed et al. (1985) showed that condensed tannins seem to be

more important in forming complexes in feed than hydrolysable tannins (Alokan and Aletor).

The chemical structures of casuarictin (hydrolysable tannin) and Procyanidin C2 (condensed

tannins) are shown in Figure 16.
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casuarictin procyanidin C2

Figure 16. chemical structures of casuarictin and procyanidin C2
3. Potential Medicinal Benefits of Phenolic Compounds

Phenolic compounds are naturally occurring compounds found largely in the fruits,
vegetables, cereals and beverages. These molecules are secondary metabolites of plants and
are generally involved in defense against ultraviolet radiation or aggression by pathogens and
may also contribute to the bitterness, astringency of the food. Researchers have explored that
these molecules are very good antioxidants and may neutralize the destructive reactivity of
undesired reactive oxygen/nitrogen species produced as byproduct during metabolic processes
in the body. Epidemiological studies have revealed that polyphenols provide a significant
protection against development of several chronic diseases such as cardiovascular diseases
(CVDs), cancer, diabetes, infections, aging, asthma etc (Figure 17) (Pandey and Rizvi, 2009).

29



Phenolic compounds

Cancer Diabetes Aging

V\U/

- Protection from
Hypertension C.V.Ds
Polvphenols
Ashma M Others
Infections

Figure 17. Polyphenols protection against development of several diseases

There are numerous in vitro and in vivo studies that have indicated the potential medicinal
benefits of phenolic compounds. The anthocyanins extracted from bilberry (Vaccinium
myrtillus) juice have been reported to protect the vascular system in vivo by increasing the
permeability of capillary blood vessels (Azar et al., 1987). Tea phenolic compounds have
been reported to exhibit a very broad spectrum of medicinal activities. Green tea phenolic
components inhibit intestinal uptake of glucose through rabbit intestinal epithelial cells and
thus may contribute to the reduction of blood glucose levels (Kobayashi et al., 2000).
Epigallocatechin gallate, a phenolic component of green tea, has been found to reduce the
incidence of chemically induced tumours in the esophagus, liver, lungs, skin and stomach of
experimental animals (Shahidi and Naczk, 2003). Epigallocatechin gallate was also reported
to possess effective antioxidant properties and can provide protection in vitro against both
peroxyl radical and hydroxyl radical-induced oxidation of DNA (Green, 2007; Hu and Kitts,
2001).

Tannins from plants have also been reported to play a vital role in the treatment of type 2
diabetes. Chebulanin, chebulagic acid and chebulinic acid from fruit of Terminalia chebula

were reported that to inhibit a-glucosidase (Ali Asgar, 2013; Gao et al., 2007).

Flavonoids have also been reported to exert positive effects on the cardiovascular system
through modulation of the nitric oxide synthase system (Fitzpatrick et al., 1998; Park et al.,
2000; Visioli et al., 1998). However, not all epidemiological studies have found a protective
effect of dietary phenolic compounds against heart disease (Hertog et al., 1997; Rimm et al.,
1996).
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Hibasami et al. (1995) reported that catechin-rich persimmon extract induced programmed
cell death (apoptosis) in human lymphoid leukemia cells. Citrus flavonoids, in particular,
flavanones have been shown to display anticarcinogenic and antiallergenic (Noguchi et al.,

1999) activity in vitro.

Other studies have suggested that caffeic acid and some of its esters possess antitumour
activity against colon carcinogenesis (Olthof et al., 2001; Rao et al., 1993). Caffeic acid
derivatives have also been shown to be potent and selective inhibitors of human
immunodeficiency virus type 1 (HIV-1) integrase 77 which catalyzes the integration of the
viral DNA into the host cell. Caffeic and ferulic acid derivatives have also been suggested to
be potential protective agents against photooxidative skin damage (Saija et al., 1999).
Quercetin has been reported to be a potent inhibitor of human immunodeficiency virus (HIV)-
1 protease (Xu et al., 1994). This compound has also been shown to decrease the infectivity of
herpes simplex virus type I, poliovirus type | and parainfluenza virus in vitro (Green, 2007,
Kaul et al., 1985).
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I11. STUDIED PLANTS

1. Marrubium deserti De Noé.

1.1. Classification

Domain: Eukarya

Kingdom: Plantae

Phylum: Magnoliophyta

Class: Magnoliopsida (Dicotyledons)

Order: Lamiales

Family: Lamiaceae

Genus: Marrubium

Species: Marrubium deserti De Noé.

Vernacular names: Djaidi, Djaida, Djaada ou marrube du desert (Quezel and Santa, 1963).

Synonyme: Ballota deserti (de No€)
Maropsis deserti (de Noé) Pomel
Sideritis deserti de Noé

Maropsis deserti Pomel.

1.2. Morphological description

The genus Marrubium includes six species and one hybrid in Algeria : Marrubium vulgare L.,
M. spinum L., M. peregrinum L., M. alysson L., M. alyssoides Pomel, M. willkommu Magn.
(M. supinum X vulgare) and M. deserti de Noé. (Quézel and Santa, 1963).

M. deserti is a small perennial shrub (20-30 cm high), very branched, with woolly leaves and
stems. the flowers are pale violet or pink. The calyx is bright green and evergreen around the
fruit, which is a tetra-achene typical of the Labiatae. The leaves are velvety and opposite, and
are generally terminated by three large teeth of variable form (Benhouhou, 2005; Quézel and
Santa, 1963).
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Figure 18. Different parts of M. deserti De Noé.
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1.3. Geographic distribution

The species is endemic of central and north Algerian Sahara, growing wild on desert pastures
and flowering in spring (March-April) (Benhouhou, 2005; Ozenda, 2004; Quézel and Santa,
1963).

The plant grows in an arid climate, with an annual rainfall of 200 mm. It is usually found in

non-saline wadis on gravelly-sandy soils (Ozenda, 2004).

Figure 19. Geographic distribution of M. deserti De Noé. (African Plants Database)

1.4. Previous studies

The Marrubium species are reported to be rich in phenolic compounds, flavonoids, phenyl
ethanoid and diterpenoids such as marrubiin which is designed for the chemical, therapeutic
(anti-tumor) and pharmacological (El Bardai et al., 2003; Hatam et al., 1995; Hennebelle et
al., 2007; Karioti et al., 2005; Sarikurkcu et al., 2008). M. deserti is widely used in traditional
medicine in Algeria. In other words, leaves, twigs and young buds are used in decoction,

infusion and maceration against intestinal disorders, respiratory diseases, fever, cough,
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dysmenorrhea, scorpion sting and Allergies (Hammiche and Maiza, 2006; Ould El Hadj et al.,
2003).

Other authors reported antioxidant effect, antiviral, antibacterial and antigenotoxic activites of
methanolic and aqueous extracts of M. deserti (Benhammou et al., 2009; Djeridane et al.,
2010; Edziri et al., 2012; Zaabat et al., 2010; Zaabat et al., 2011).

In phytochemical study by Dendougui and his team, they isolated four labdane diterpenes
(Figure 20) (6-dehydroxy-19-acetyl-marrubenol, 19-acetyl-marrubenol, 6-acetyl-marrubenol
and 15 and 16-epoxy-9-hydroxy-labda-13(16),14- diene) and three sterols (f-sitosterol,
stigmasterol and p-sitosterol 3-O-glucoside) and Phytol (Dendougui et al., 2011).

16-epoxy-9-hydroxylabda-13(16), 14- diene

19-acetyl-marrubenol 6-acetyl-marrubenol
Figure 20. Labdane diterpenes isolated from M. deserti

In other phytochemical study by Zaabat and her team, they isolated and identified Fifteen
compounds (Figure 21) . Eight of them were terpenoid derivatives among which two were
new labdane diterpenes named marrulibacetal A and desertine, respectively. Six of them were
known compounds (a mixture of the isomers cyllenin A and 15-epi-cyllenin A, marrubiin,
marrulactone, marrulibacetal and f-stigmasterol) and seven known phenolic compounds were
also isolated: apigenin and several 7-O-substituted derivatives (apigenin-7-O-4-
neohesperidoside, apigenin-7-O-glucoside, terniflorin and apigenin-7-O-glucuronide) together
with two phenylethanoid glucosides (acteoside and forsythoside B) (Zaabat et al., 2011).
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Figure 21. Chemical structures of some compounds isolated from M. deserti
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The chemical composition of essential oil of M. deseti showed six major compounds:
germacrene D (45.7 %), f-Bourbonene (4.0 %), a- terpinolene (3.9 %), A-cadinene (3.8 %),
1-octen-3-ol (3.7 %) and a- copaene (3.5 %) (Laouer et al., 2009).

CH,
H,C
HsC
HsC
HsC
CHs CH,
CHj
Germacrene D S-Bourbonene
CH3 H3C CH3
H
CHgj
HsC CHj CHj
a-Terpinolene A-Cadinene
CHj CHj

H

OH X

CH,
H3C/\/\)\/

1-Octen-3-ol a- Copaene

H

H5;C CHj3

Figure 22. Chemical structures of six major compounds of essential oil of M. desert
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2. Anthemis stiparum subsp. sabulicola (Pomel) Oberpr.
2.1. Classification

Domain: Eukarya

Kingdom: Plantae

Phylum: Magnoliophyta

Class: Magnoliopsida (Dicotyledons)

Order: Asterales

Family: Asteraceae

Genus: Anthemis

Species: Anthemis stiparum subsp. sabulicola (Pomel) Oberpr.
Vernacular names: Arbian, Itima

Synonyme: Anthemis monilicostata subsp. stiparum (Pomel) Maire

2.2. Morphological description

Annul, 15-25 cm tall, branched from immediately above the ground. Stems (3-) 6-14 (-20) cm
long, basally (0.6-) 0.8-1.4 (-1.8) mm in diameter, densely hairy, procumbent to ascending-
erect. Basal and lower cauline leaves (6-) 10-21 (-28) mm long and (3-) 4-8 (-10) mm wide;
petiole (3-) 5-11 (-15) mm long; blade 2-3-pinnatipartite; ultimate segments broadly elliptical
to narrowly elliptical, (1.0-) 1.2-1.8 (-2.3) mm long and 0.5-1.1 mm wide, densely hairy.
Upper cauline leaves (5-) 7-16 (-25) mm long and 1-9(-11) mm wide; petiole 2-9(-16) m long;
blade 1-2(-3)-pinnatipartite; ultimate segments (1.3-) 1.5-2.2 (-3.0) mm long and 0.5-1.1 mm
wide, linear or elliptical, sometimes triangular. Peduncles (5-) 15-45 (-80) mm long and 0.7-
1.4 mm in diameter, densely hairy. It's comparatively short ray florets with usually circular to
elliptical limbs. Capitula (12-) 15-20 (-25) mm in diameter. Ray florets white 7-12 per
capitulum, (6.0-) 6.5-8.3 (-9.7) mm long; limb elliptical to obovate. Disc florets yellow 2.1-
3.0 mm long; the basal part 1.0-1.5 mm long and 0.6-1.0 mm wide (Oberprieler, 1998).
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2.3. Geographic distribution

Endemic to the North fringe of the Algerian Sahara. Not found neither in the southern regions

of Erg (dune sea) and saline areas (Halis, 2007; Oberprieler, 1998).
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Figure 24. Geographic distribution of A. stiparum subsp. sabulicola (African Plants
Database)

2.4. Previous studies

There is no study in the literature concerning phytochemical or biological activities about this

plant.
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3. Rhanterium suaveolens Desf.
3.1. Classification

Domain: Eukarya

Kingdom: Plantae

Phylum: Magnoliophyta

Class: Magnoliopsida (Dicotyledons)
Order: Asterales

Family: Asteraceae

Genus: Rhantherium

Species: Rhanterium suaveolens Desf.

Vernacular names: Arfadja, Arfej

Synonyme: Rhanterium suaveolens Desf. subsp. Suaveolens

3.2. Morphological description

Rhanterium suaveolens Desf. found by Desfontaines on the sandy sea-coast, near Sfax, in the
kingdom of Tunis. Root perennial. Stem erect, much branched, lower branches stiff, The
modern upper branches are white flexible and carry soft bristles dense. Leaves small, slightly
toothed , somewhat elongated oval, with serrated edges which also carry soft bristles. Flowers
terminal solitary, yellow, almost shiny, small does not exceed 1.5 cm in length and is
surrounded by leaves (Bracts) pointed which are compose smooth involucre. This plant
flowers in summer. The bruised leaves have a fragrant smell (Halis, 2007; Quézel and Santa,

1963; Wilkes, 1827).
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Figure 25. Different parts of R. suaveolens Desf.

3.3. Geographic distribution

The genus Rhanterium is distributed over western North Africa, the Arabian Peninsula, Iraq
and Iran. Three species; namely, R. adpressum Coss. & Durieu, R. epapposum Oliver and R.
suaveolens Desf. of this genus have been reported in literature. R. intermedium Coss. &
Durieu ex Pomel is another species, but it is a hybrid between R. suaveolens and R.
adpressum. R. suaveolens Desf., a member of the Asteraceae (Compositae), is locally known
as “Arfadja”. Quézel and Santa reported that it is an endemic desert plant growing in North
Africa (Quézel and Santa, 1963; Wiklund, 1986). Some of the Rhanterium species are used in

folk medicine as an antidiuretic (Hamia et al., 2013).
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Figure 26. Geographic distribution of R. suaveolens (African Plants Database)

3.4. Previous studies

There are some studies on the Rhanterium species in the literature. In one study, S-eudesmol,
16-hydroxylupeolyl-3-hexadecanoate, stigmasterol, (+)-3-[3’-(hona-1"-en-3",5",7"-trynyl)
oxiran-2'-yl] propan-2-ol were isolated from R. adpressum (Bouheroum et al., 2007). In
another study, scopoletin was isolated from R. epapposum (Miana and Al-Hazimi, 1983). The
chemical composition the essential oil of R. adpressum and R. epapposum were also studied
(Al-Easa, 2004; Al-Mazroa et al., 2006; Kala et al., 2009; Yaghmai and Kolbadipour, 1987).

Habib Oueslati and his team isolated and identified six compounds: Ranthenone glucoside as
a new compound, 9-hydroxylinaloyl glucoside, scopolin, fraxetin, scopoletin and sitosterol-
3p-0O-[6'-palmitoyl-4-D-glucopyranoside] (Oueslati et al.,, 2007), and antimicrobial
polyacetyleneic alcohols in other study (Oueslati et al., 2004).

(2S, 3R, I’E, 7’E)-tetrahydro-2-(nona-1', 7'- diéne-3',5'-diynyl)pyran-3-ol (Figure 28 A)

(2S, 3R, 1’E)-tetrahydro-2-(nona-1'-ene-3',5',7'-triynyl)pyran-3-ol (Figure 28 B)
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Figure 27. Chemical structures of polyacetyleneic alcohols isolated from R. suaveolens

and new ceramides (Figure 29) were isolated from the R. suaveolens (Oueslati et al., 2005).
(2S, 3S, 4R, 2'R, 14 E)-2-(2'-hydroxydocosanoylamino)-14-octadecene-1, 3, 4-triol

(2S, 3S, 4R, 2'R, 14 E)-2-(2'-hydroxytricosanoylamino)-14-octadecene-1, 3, 4-triol

(2S, 3S, 4R, 2'R, 14 E)-2-(2'-hydroxytetracosanoylamino)-14-octadecene-1, 3, 4-triol

(2S, 3S, 4R, 2'R, 14 E)-2-(2'-hydroxypentacosanoylamino)-14-octadecene-1, 3, 4-triol

(2S, 3S, 4R, 2'R, 14 E)-2-(2'-hydroxyhexacosanoylamino)-14-octadecene-1, 3, 4-triol

OH

o
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Figure 28. Chemical structures of ceramides isolated from R. suaveolens
In other phytochemical study, Benaissa and her team isolated and identified eight products
from Rhanterium Suaveolens (Figure 29). which six are new to the genus and species

(Benaissa, 2011), These products are:
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Figure 29. Chemical structures of some compounds isolated from R. suaveolens
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4. Centaurea furfuracea Coss. & Dur.
4.1. Classification

Domain: Eukarya

Kingdom: Plantae

Phylum: Magnoliophyta

Class: Magnoliopsida (Dicotyledons)
Order: Asterales

Family: Asteraceae

Genus: Centaurea

Species: Centaurea furfuracea Coss. & Dur.
Vernacular names: Merioua, Merir

Synonyme: Calcitrapa furfuracea (Coss. & Durieu) Holub

4.2. Morphological description

Centaurea furfuracea is an Annual or perennial herb, with short main stem and ending with a
head (capitulum) in which the branches are born long branches and ending with heads (less
than 15 mm diameter), lobed leaves, Bracts with short woolly hairs, Yellowish-white achene
(Ozenda, 1977; Quézel and Santa, 1963).

4.3. Geographic distribution

The genus Centaurea (Asteracea) comprises about 500 species, which are predominately
distributed around the Mediteranean area and in West Asia (Djeddi et al., 2008). The genus
Centaurea is represented by 42 species in the Algerian flora, which seven are localised in the
Sahara (Quézel and Santa, 1963).
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Figure 31. Geographic distribution of C. furfuracea (African Plants Database)
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4.4. Previous studies

Chemical investigations of various Centaurea species have revealed mainly flavanoids,
alkaloids and lignans (Karamenderes et al., 2007; Shoeb et al., 2005) and sesquiterpene
lactones lactones, which are guaiane, germacrane, elemane and eudesmane skeletons
(Gonzalez et al., 1978; Gurbiz and Yesilada, 2007; Koca et al., 2009). Many Centaurea
species are reported in the literature to be used in folk medicine such us antidandruff,
antidiarrhoic, antirhevmatic, anti-inflammatory, and antibacterial (Bulent Kése et al., 2007;
Csupor et al., 2010; Zengin et al., 2010).

Centaurea furfuracea was found to contain 13 flavonoid compounds. such as: hispidulin-7-O-
methylglucuronide (Akkal et al., 1999), apigenin, hispidulin, cirsimaritin, 5,7,4’-trihydroxy-3-
methoxyflavones, apigenin-7-O-glucoside, apigenin-7-O-methylglucuronide, hispidulin-7-O-
glucoside, patelutin-7-O-glucoside (Akkal et al., 2003), acacetin, jaceosidin (Fakhfakh et al.,
2005), isokaempferide-7-O-methylglucuronide, isokaempferide-7-O-glucuronide . The last

two compounds have showed cytotoxic and antiparasitic activities (Akkal et al., 2007).

It was also reported that Centaurea furfuracea contains lignans: (-)trachelogenin and
tracheloside and sucrose acetat (Fakhfakh et al., 2005). Akkal and his team reported that two
new sesquineolignans, furfuraceol A and furfuraceol B, have been isolated from the flowers
of Centaurea furfuracea as a mixture of two isomers (Figure 33) (Fakhfakh and Damak,
2007).

Hispidulin 7-O-methylglucuronide Apigenin Sucrose acetat
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Figure 32. Chemical structures of some compounds isolated from C. furfuracea
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IV. MATERIALS AND METHODS

1. Materials

1.1. Plant material

The aerial parts of M. deserti, A. stiparum subsp. sabulicola, R. suaveolens and C. furfuracea
were collected in the North fringe of the Algerian Sahara during the flowering period in April
2012 near Stile, EI-Oued, Algeria. Taxonomic identification of the plants were confirmed by
Dr. Youcef Halis in the Scientific and Technical Research Centre for Arid Areas (CRSTRA).
A voucher specimens were deposited in the herbarium of the Faculty of Life and Natural
Sciences of ElI Oued University and the Laboratory of Biomolecules and Plant Breeding,
University of Larbi Ben Mhidi Oum El Bouaghi, Algeria (Table 4). The collected plant

materials were air-dried in darkness at room temperature for three weeks.

Table 4. Location and altitude of studied plants

plants Site Altitude Voucher number
ZA 143 (Oum EI Bouaghi
M. deserti 34°16'N, 6°2'E -22m University)

CAK 3 (El Oued University)

A. stiparum subsp. sabulicola | 34°14'N, 6°1'E -11m CAK 2 (El Oued University)

R. suaveolens 34°18'N, 5°54'E 33m CAK 4 (El Oued University)

C. furfuracea 34°18'N, 5°54'E 33m CAK 5 (El Oued University)

1.2. Strains and growth conditions

In the present study, the microorganisms used in the experiments were: Gram positive
bacteria (Staphylococcus aureus (ATCC 25923, ATCC 6538-P), Staphylococcus epidermidis
MU 30, Bacillus subtilis ATCC 6633, Bacillus cereus RSKK 863, Streptococcus mutans
CNCTC 8/77 and, Micrococcus luteus NRRL B-4375) and the yeast (Candida albicans
ATCC 10239). The above-mentioned microorganisms except C. albicans were grown in

nutrient broth (NB, Difco); C. albicans was grown in sabouraud dextrose broth (SDB, Difco).

o1




Experimental

2. Methods

2.1. Preparation of the extracts

2.1.1. Extraction of the essential oils

The essential oils of dried aerial parts (400 g) of studied plants were obtained via
hydrodistillation by using a Clevenger type apparatus (Figure 33) for 4 hours. The oils were
dried over anhydrous sodium sulphate and stored under nitrogen until required.

Figure 33. Clevenger apparatus for essential oil extraction

2.1.2. Preparation of the methanol extract

Total methanol extract of studied plants were prepared by maceration technique, the dried and
powdered aerial parts of the plants (150 g) were macerated with 300 mL of methanol at room
temperature (25 °C) 3 times (72 hours x 3). After filtration, The extracts were concentrated
using a rotary evaporator (Buchi Rotavapor R-200, Flawil, Switzerland) at a maximum
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temperature of 45 °C, The residuals obtained were stored in a freezer at —20 °C until further

study.

2.2. Gas chromatography

GC analysis of the oils were performed using a Shimadzu GC-17 AAF, V3, 230V LV Series
(Kyoto, Japan) gas chromatography, equipped with a FID and a DB-1 fused silica column [30
m x 0.25 mm (i.d.), film thickness 0.25 pum]; the oven temperature was held at 60 °C for 5
minutes., then programmed to 240 °C at 4°C/minute and held isothermal for 10 minutes;
injector and detector temperatures were 250°C and 270 °C respectively; carrier gas was
helium at a flow rate of 1.3 mL/minute; Sample size, 1.0 pL; split ratio, 50:1. The percentage

composition of the essential oils were determined with a Class-GC 10 computer program.

Figure 34. Shimadzu GC-17 Gas chromatography

2.3. Gas chromatography-mass spectrometry (GC-MS)

The analysis of the essential oils were performed using a Varian Saturn 2100 (Old York Rd.,
Ringoes, NJ, USA), ion trap machine, equipped with a DB-1 MS fused silica non-polar
capillary column [30 m x 0.25 mm (i.d.), film thickness 0.25 um]. Helium was used as a
carrier gas at a flow rate of 1.4 mL/minute. The oven temperature was held at 60 °C for
5 minutes, then increased up to 240 °C with 4 °C/minute increments and held at this
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temperature for 10 minutes. Injector and transfer line temperatures were set at 250 and 180

°C, respectively.

lon trap temperature was 200 °C. The injection volume was 0.2 puL and split ratio was 1:30.
EI-MS measurements were taken at 70 eV ionisation energy. Mass range was from m/z 28 to

650 amu. Scan time was 0.5 s with 0.1 s inter scan delays.

Identification of components of the essential oils were based on GC retention indices and
computer matching with the Wiley, NIST-2005 and TRLIB Library, as well as by comparison
of the fragmentation patterns of the mass spectra with those reported in the literature (Adams,
2007), and whenever possible, by co-injection with authentic compounds.

GC and GC-MS spectra were performed at the Department of Chemistry, Faculty of Sciences,

Mugla Sitk1 Kogman University in Turkey.

Figure 35. Varian Saturn 2100 Gas Chromatography /Mass Spectrometry

2.4. Determination of total phenolic compounds

The concentration of phenolic content in Methanol extracts was expressed as microgrammes
of pyrocatechol equivalents, determined with Folin—Ciocalteu reagent (FCR), according to the
method of Slinkard and Singleton (1977). 1 mL of the solution containing 1 mg of the tested

extracts in methanol was added to 46 mL of distilled water and 1 mL of FCR, and mixed
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thoroughly. After 3 minutes, 3 mL of sodium carbonate (2 %) were added to the mixture and
shaken intermittently for 2 hours at room temperature. The absorbance was read at 760 nm.
The concentration of phenolic compounds was calculated according to the following equation

that was obtained from the standard pyrocatechol graph (Figure 36).

Absorbance = 0.006 ug pyrocatechol + 0.035 (r? = 0.978)
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Figure 36. Standard curve of pyrocatechol for determination of total polyphenols in studied

plants.

Each value represent mean + SD

2.5. Determination of total flavonoid compounds

Measurement of flavonoid concentration of the extracts was based on the method described
by Park et al. in 1997 with a slight modification (Park et al., 1997), and results were
expressed as quercetin equivalents. An aliquot of 1 mL of the solution (contains 1 mg of
extract in methanol) was added to test tubes containing 0.1 mL of 10% aluminium nitrate, 0.1
mL of 1 M potassium acetate and 3.8 mL of ethanol. After 40 minutes at room temperature,
the absorbance was determined at 415 nm. Quercetin was used as a standard. The
concentration of flavonoid compounds was calculated according to following equation that

was obtained from the standard quercetin graph (figure 37).
Absorbance = 0.051 ug quercetin + 0.001 (r? = 0.999)
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Figure 37. Standards curve of quercetin for determination of total flavonoids in studied

plants.

Each value represent mean + SD

2.6. Antioxidant activity

2.6.1. Free radical-scavenging activity (DPPH assay)

The free radical scavenging activity of the essential oils and methanol extracts were
determined by the DPPH assay described by Blois with a slight modification (Blois, 1958;
Oztirk et al., 2011). In its radical form DPPH absorbs at 517 nm, but on reduction by an
antioxidant or a radical species its absorption decreases. Briefly, a 0.1 mmol L—1 solution of
DPPH in methanol was prepared and 4 mL of this solution was added to 1 mL of samples
solution in methanol at different concentrations. Thirty minutes later, the absorbance was
measured at 517 nm. Lower absorbance of the reaction mixture indicates higher free radical

scavenging activity.

The capability to scavenge the DPPH radical of an antioxidant was calculated using the

following equation:

A —A
Control Sample % 100

DPPH scavenging ef fect (%) = )
Control

The sample concentration providing 50 % free radical scavenging activity (ICsp) was

calculated from the graph of DPPH Scavenging effect percentage against sample
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concentration. BHA and a-tocopherol were used as antioxidant standards for comparison of
the activity.

2.6.2. p-Carotene-linoleic acid assay

The antioxidant activity of the essential oils and methanol extracts of studied plants were
evaluated using the S-Carotene-linoleic acid assay (Miller, 1971; Oztirk et al., 2011). with
slight modifications. p-Carotene (0.5 mg) in 1 mL of chloroform was added to 25 pL of
linoleic acid, and 200 mg of Tween-40 emulsifier mixture. After evaporation of chloroform
under vacuum, 100 mL of distilled water saturated with oxygen, was added by vigorous
shaking. 4 mL of this mixture were transferred into different test tubes containing different
concentrations of the essential oil and MeOH extract. As soon as the emulsion was added to
each tube, the zero time absorbance was measured at 470 nm using a 96-well microplate
reader (SpectraMax 340PC, Molecular Devices, USA). The emulsion system was incubated
for 2 hours at 50 °C. A blank, devoid of g-carotene, was prepared for back ground subtraction.

BHA and a-tocopherol were used as standards.

The bleaching rate (R) of s-Carotene was calculated according to the following equation:

R =

ﬁ| S
S Q

Where: In=natural logarithm, a=absorbance at time zero, b=absorbance at time t (120

minutes).

The antioxidant activity (AA) was calculated in terms of percent inhibition relative to the

control, using the following equation:

RControl - RSample

AA (inhibition%) = x 100

RControl

2.6.3. Cupric reducing antioxidant capacity (CUPRAC)

The cupric reducing antioxidant capacity was determined according to the method of Apak et
al., with a slight modifications (Apak et al., 2004; Oztiirk et al., 2011). To each well, in a 96
well plate, 50 uL 10 mM Cu (II), 50 uL 7.5 mM neocuproine, and 60 uL. NH4Ac buffer (1 M,
pH 7.0) solutions were added. 40 pL essential oils and methanol extracts at different
concentrations were added to the initial mixture so as to make the final volume 200 pL. After

1 hour, the absorbance at 450 nm was recorded against a reagent blank by using a 96-well
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microplate reader. BHT and a-tocopherol were used as antioxidant standards for comparison

of the activity.

2.7. Anticholinesterase activity

The inhibition activity of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) were
measured by the method developed by Ellman et al. (1961), with a slight modification
(Oztirk et al., 2011), using 96-well microplate reader (SpectraMax PC340, Molecular
Devices, USA). The substrates of the reaction of both enzymes were acetylthiocholine iodide
(0.71 mM) and butyrylthiocholine chloride (0.2 mM). In a 96 well plate, 10 pL of samples
(MeOH extracts and essential oils) were mixed with 150 pL sodium phosphate buffer 100
mM (pH = 8) and 20 pL of enzymes solution [AChE (5.32x10°3U) or BChE
(6.85 x 107 U)]. After 15 minutes incubation at 25 °C, 10 pL of Ellman’s Reagent (DTNB
0.5 mM) and 10 pL of substrates were added, so as to make the final volume 200 pL. The
absorbance was measured at 412 nm. Percentage of inhibition of AChE or BChE was
determined by comparison of reaction rates of samples relative to control using the formula:
(E—S)/E x 100

Where:

E: activity of enzyme with control.

S: activity of enzyme with sample.

The experiments were carried out in triplicate. Galantamine was used as standard.

Methanol and Ethanol were used as solvents to dissolve MeOH extracts and essential oils and

controls.

2.8. Determination of minimum inhibitory concentrations and antibiofilm activity

2.8.1. Minimal inhibitory concentration (MIC) assay

MICs were determined by a microtitre broth dilution method as recommended by the Clinical
and Laboratory Standards Institute (CLSI) (2006). The MIC was defined as the lowest
essential oil/extract concentration that yielded no visible growth. The test medium was
Mueller-Hinton broth and the density of bacteria was 5x10° colony-forming units (CFU)/mL.
Cell suspensions (100 pL) were inoculated into the wells of 96-well microtitre plates in the
presence of essential oils with different final concentrations (5, 10, 20, 40, 60, 80, 100
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pL/mL) and in the presence of methanol extracts with different final concentrations (1.56,
3.125, 6.25, 12.5, 25, 50 mg/mL). The inoculated microplates were incubated at 37°C for 24

hours. The absorbance was measured at 630 nm.

2.8.2. Effect of essential oil and methanol extract on bacterial biofilm formation

The effect of essential oils and Methanol extracts at concentrations including 1, %, %, 1/8 and
1/16 MIC on biofilm-forming ability of test microorganisms were tested with a microplate
biofilm assay (Merritt et al., 2005). Briefly, 1% of overnight cultures of isolates were added
into 200 pL of fresh Tryptose-Soy Broth (TSB) supplemented with 0.25% glucose and
cultivated in the presence and absence of essential oils/extracts without agitation for 48 hours
at 37 °C. The wells containing TSB+cells served as control. After incubation, the wells were
washed with water to remove planktonic bacteria. The remaining bacteria were subsequently
stained with 0.1% crystal violet solution for 10 minutes at room temperature. Wells were
washed once again to remove the crystal violet solution. A volume of 200 pL of 33% glacial
acetic acid were poured in wells. After shaking and pipetting of wells, 125 pL of the solution
from each well were transferred to a sterile tube and volume was adjusted to 1 mL with
distilled water. Finally optical density (OD) of each well was measured at 550 nm (Thermo
Scientific Multiskan FC, Vantaa, Finland). Percentage of inhibition of the tested extracts was

calculated using the formula:

0D550C0ntrol - ODSSOSample

Biofilm inhibition (%) = x 100

0D550C0ntrol

2.9. Statistical analysis

The antioxidant and the anticholinesterase activity assays were performed in triplicate
analyses. The data were recorded as means + standard error meaning. Student’s t-test were
used to determine the significant differences between means; p < 0.05 were regarded as
significant. Pearson correlation coefficient (R?) was used to show correlations and

significance.
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V. RESULTS AND DISCUSSION

1. Results of Marrubium deserti

1.1. GC/MS of the essential oil of M. deserti

The essential oil having yellow color was obtained from aerial parts using hydrodistillation
(0.15 %, v/w) method. Totally, 38 components were identified representing 99.70 % of the oil
(Table 5). p-caryophyllene is omnipresent in the essential oils of most Marrubium species,
followed by germacrene D and bicyclogermacrene (Laouer et al., 2009). Whereas, the major
compounds of essential oil of M. deserti were tetracosane (31.11 %,), germacrene D (7.91 %),
A-Cadinene (6.51 %), a-cadinol (6.26 %), and t-cadinol (5.81 %). bicyclogermacrene (2.84
%) and p-Caryophyllene (1.32 %) were also determined as constituent of the essential oil
(Table 4). The monoterpenoids represented 9.26 % while sesquiterpenoids 16.45 % of the

total oil. The monoterpenes and sesquiterpenes were in the ratio of 4.32 % and 33.85 %,

respectively (Figure 39).

Table 5. Chemical composition (%) of the essential oil of M. deserti

N° Compounds Composition (%) RI?
1 | Cyclofenchene 1.52 890
2 | a-Thujene 0.52 932
3 | a-Pinene 2.15 936
4 | p-Pinene 0.82 978
5 | D-Limonene 1.05 1025
6 | Camphor 1.94 1123
7 | Citronellal 0.88 1131
8 | n-Nonanol 1.06 1149
9 | Terpinen-4-ol 0.62 1164

10 | Myrtenal 0.72 1172

11 | a-Terpineol 0.66 1176

12 | Myrtenol 0.28 1178
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13 | p-Cumic aldehyde (Cuminal) 0.27 1241
14 | Carvone 1.54 1243
15 | Perillaldehyde 1.70 1271
16 | Thymol 1.15 1290
17 | a-Cubebene 0.74 1351
18 | p-Bourbonene 0.56 1388
19 | p-Elemene 3.84 1390
20 | p-Caryophyllene 1.32 1408
21 | Alloaromadendrene 2.54 1460
22 | y-Gurjunene 0.84 1477
23 | Germacrene D 7.91 1481
24 | Eremophilene 1.44 1486
25 | Bicyclogermacrene 2.84 1494
26 | a-Muurolene 0.69 1500
27 | y-Cadinene 1.95 1513
28 | 4-Cadinene 6.51 1523
29 | a-Calacorene 0.49 1545
30 | E-Nerolidol 0.86 1553
31 | Spathulenol 0.96 1572
32 | Caryophyllene oxide 0.90 1578
33 | t-Cadinol 5.81 1633
34 | a-Muurolol 1.07 1635
35 | a-Cadinol 6.26 1643
36 | allo-Himachalol 2.43 1648
37 | 7-epi-a-Eudesmol 1.57 1653
38 | Tetracosane 31.11 2400
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39 | Unidentified 0.11 2406
40 | Unidentified 0.13 2418
41 | Unidentified 0.05 2422
Total identified: 99.70
Monoterpenes: 4,32
Monoterpenoids: 9,26
Sesquiterpenes: 33.85
Sesquiterpenoids: 16,45
Others: 35.84
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Figure 38. GC/MS chromatogram of M. deserti essential oil showing the detection of

chemical components using DB-1 column
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B Monoterpenes B Monoterpenoids ® Sesquiterpenes M Sesquiterpenoids B Others

Figure 39. Histogram of M. deserti essential oil showing the chemical groups
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Figure 40. Chemical structures of major compounds of M. deserti essential oil
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1.2. Total phenolic and total flavonoid contents and Antioxidant activity of M. deserti

Polyphenolic compounds have an important role in stabilizing lipid oxidation and are
associated with antioxidant activity and phenolic compounds are also known as powerful
chain breaking antioxidants (Shahidi et al.,, 1992). It is suggested that polyphenolic
compounds have inhibitory effects on mutagenesis and carcinogenesis in humans, when up to
1.0 g daily is ingested from a diet rich in stems and vegetables (Tanaka et al., 1988). The
concentration of phenolics and flavonoids in the extract was expressed as micrograms of
pyrocatechol and micrograms of quercetin equivalents per milligrams of the extract,
respectively. The methanol extract had 58.17 £ 0.03 pg pyrocatechol equivalents as its
phenolic content, and demonstrated 5.2 + 0.03 pg quercetin equivalents as its flavonoid

content.

In lipid peroxidation inhibition assay (Table 6), the essential oil exhibited a high inhibition
(ICso = 21.42 £ 4.8 pg/mL) against lipid peroxidation, while in DPPH assay, the essential oil
demonstrated a weak DPPH" scavenging activity. As seen it the essential oil composition
(Table 5), there are no phenolic compounds (only Thymol) to scavenge the DPPH radicals.
However, the compounds particularly the bicyclic compounds as well as the conjugated mono
and sesquiterpenoids are responsible for the lipid peroxidation activity. These compounds can
scavenge the singlet oxygen. Therefore, they protect the f-carotene colour against bleaching,
indirectly. Whereas, the methanol extract showed highest antioxidant activity both in DPPH
assay and against Lipid peroxidation better than essential oil. These results are supported the
previously studies, where the polar extracts showed higher antioxidant activity than no polar
extracts (Edziri et al., 2012).

The CUPRAC assay utilised copper(11)-neocuproine (CU(I1)-Nc) reagent as the chromogenic
oxidizing agent. It is based on the measurement of absorbance at 450 nm by the formation of a
stable complex between neocuproine and copper (I). CUPRAC of the methanol extract and
essential oil of M. deserti were assessed and compared to that of the positive controls BHA
and a-tocopherol. As shown in Figure 41, the methanol extract and a-tocopherol had similar
activities. Only at 800 ug/mL concentration, the methanol extract (3.81 £ 0.00) exhibited
higher reducing power activity than a-tocopherol (2.9 £ 0.00) and nearly the activity of BHA
(3.8 £ 0.00) absorbances at 450 nm. However, the activity of essential oil was less than the

positive controls.
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Table 6. Antioxidant activity (%) of the essential oil and methanol extract of M. deserti by the

DPPH and S-carotene/linoleic acid assays®

Concentration Inhibition %
ug/mL MeOH EO BHA a-Tocopherol
DPPH* 12.5 41.71+0.32 NA 31.15+0.65 90.7+0.23
25 72.02+0.15 NA 38.56+0.81 | 91.16+0.17
50 76.77+0.17 1.34+0.54 | 43.78+0.21 | 92.03+0.55
100 77.85+0.26 3.05+0.58 59.9+0.35 93.77+0,07
200 78.3510.10 5.47+0.52 | 79.83+0.51 95.9+0.05
400 78.96+0.03 | 10.04+0.46 | 90.58+0.24 96.1+0.9
800 79.58+0.05 | 18.09+0.12 | 94.16+0.15 96.7+0.21
1Cso 12.87+0.25 |559.78+9.08 | 45.4+0.47 | 7.31+0.17
[-carotene/ 12.5 67.13+2.58 | 34.58+9.21 90.1£0.2 89.15+0.1
linoleic acid 25 77.62+0.9 62.29+4 | 91.56+0.22 90.6+0.3
50 81.9+0.45 72.96£1.37 | 92.68+0.3 91.89+0.27
100 85.97+0.11 | 75.09+0.08 | 93.6+0.16 92.1+0.51
200 86.33+0.27 | 76.81+0.59 | 94.8+£0.21 93.32+0.33
400 89.35+1.29 | 84.68+0.17 | 95.8+0.15 94.22+0,28
800 91.72+0.45 | 83.22+0.36 | 97.7£0.16 96.02+0,30
1Cso 2.15+1.83 21.42+48 | 1.34+0.04 | 2.10+0.08
% Values expressed are means + SD of three parallel measurements (p < 0.05).
NA: not active
45
4
35 —
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Figure 41. Cupric reducing antioxidant capacity of the methanol extract and essential oil of
M. deserti

Values expressed as absorbance at 450 nm are means *

measurements. (p < 0.05).
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1.3. Anticholinesterase activity of M. deserti

The anticholinesterase activity of the essential oil and methanol extract of M. deserti, against
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) enzymes was given in Table
7. Galantamine was the standard drug for comparison. The methanol extract exhibited a weak
inhibitory activity against AChE and BChE enzymes. The ICs, values were 277.39 + 13.55,
and 93.3 = 0.67 pg/mL, respectively. whereas, the essential oil was inactive against both
AChE and BChE.

Anticholinesterase activity of Marrubium species have been reported earlier. Orhan et al.
(2010) found that the highest inhibition against AChE (76.30 = 0.18 % at 100 pg/mL) and
BChE (83.51 £ 1.27 % at 50 pug/mL) was caused by the acetone extract of aerial parts of M.
vulgare collected from Algeria. Whereas, Ethanol (EtOH) extract of the same plant and
acetone extract of M. astranicum growing in Turkey were almost not active against both
enzymes. MeOH extract of leaves of M. vulgare grown in Algeria showed a weak AChE
activity (ICsp = 0.52 = 0.03 mg/mL) (Amessis-Ouchemoukh et al., 2014). In another study,
the EtOH extract (aerial parts and flowers) of M. incanum did not achieve 50% inhibition of
enzyme activity at 100 pg/mL concerntration (Vladimir-Knezevi¢ et al., 2014). Our
anticholinesterase activity of essential oil and methanol extract of M. deserti are nearly similar

with other Marrubium species.

1.4. Minimum inhibitory concentrations and antibiofilm activity of M. deserti

The antimicrobial activity of the essential oil and methanol extract against 6 bacteria and
Candida albicans ATCC 10239 are given in Table 8. The essential oil inhibited the growth of
all microorganisms between 25 and 80 pL/mL concentrations. The methanol extract of M.
deserti had MICs in the range of 3.25-25 mg/mL. According to the results, B. subtilis ATCC
6633 was found as the most susceptible strain against methanol extract of M. deserti. The
extract has low activity on the growth of M. luteus NRRL B-4375, S. mutans CNCTC 8/77
and S. epidermidis MU 30 which were only inhibited at high concentration (25 mg/mL).
Essential oil at the MIC’s inhibited biofilm formations of all microorganisms tested in various
percentages. The essential oil exhibited the highest antibiofilm activity against C. albicans
ATCC 10239 at 25 pg/mL (MIC) concentration with 36.62 %.

In the presence of 25 mg/mL extract (MIC), the mean biofilm formation values were equal to
69.31 % for M. luteus NRRL B-4375, 29.27 % for S. mutans CNCTC 8/77 and 56.28 % for
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S. epidermidis MU 30. The antibiofilm activity of essential oil on tested strains was lower
than methanol extract.

Table 7. Acetylcholinesterase and butyrylcholinesterase inhibitory activities of the essential

oil and methanol extract of M. deserti®

Inhibition %
Concentration pg/mL MeOH EO Galantamine

AChE 3.125 NA NA 41.75+0.65
6.25 NA NA 52.32+£1.20
12.5 NA NA 62.21+0.32
25 NA NA 68.36£1.10
50 7.22¢1.32 | NA 74.38+0.65
100 19.89+3.89 | NA 78.59+0.47

200 35.41+1.92 | NA 80.4+0.9

1Cso 277.39+13.55 | NA 5.01+0.09
BChE 3.125 NA NA 17.44+1.08
6.25 NA NA 21.35+0.66
12.5 NA NA 29.62+1.30
25 14.15+1.82 NA 40.59+2.88
50 28.56+2.01 | NA 48.73+0.90
100 53.1620.13 | NA 65.02+0.44

200 b NA 82.2+1.6

1Cs0 93.3+0.67 NA 53.9+0.56

NA: not active
% 1Csp values represent the means + SD. of three parallel measurements (p < 0.05).

® Could not be determined due to turbidity in the well.
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Table 8. MIC and antibiofilm activity results of the essential oil and methanol extract of M. deserti

Essential oil Methanol extract
Planktonic % inhibition on biofilms Planktonic % inhibition on biofilms
MIC MIC
Microorganism puL/mL MIC | MIC/ | MIC/ | MIC | MIC/ mg/mL MIC | MIC/ | MIC/ | MIC | MIC/
2 4 /8 16 2 4 /8 16
Staphylococcus aureus ATCC 25923 50 19.21 NI NI NI NI 6.25 28.90 | 11.65 NI NI NI
Staphylococcus aureus ATCC 6538 P 80 4.96 NI NI NI NI 12.5 27.25 | 1.37 NI NI NI
Staphylococcus epidermidis MU 30 25 29.81 | 20.33 NI NI NI 25 56.28 | 28.51 | 10.78 | 5.31 | NI
Bacillus subtilis ATCC 6633 50 27.98 | 11.25 NI NI NI 3.25 7.57 NI NI NI NI
Bacillus cereus RSKK 863 25 26.66 | 18.25 | 4.62 NI NI 12.5 49.66 | 25.68 | 10.85 | NI NI
Micrococcus luteus NRRL B-4375 25 23.75 | 10.70 NI NI NI 25 69.31 | 4546 | 27.45 | 3.32 | NI
Streptococcus mutans CNCTC 8/77 25 20.36 NI NI NI NI 25 29.27 | 10.88 NI NI NI
Candida albicans ATCC 10239 25 36.62 | 17.69 NI NI NI 12.5 34.32 | 1847 | 551 NI NI

NI : no inhinition
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2. Results of Anthemis stiparum subsp. sabulicola

2.1. GC/MS of the essential oil of A. stiparum subsp. sabulicola

The essential oil having yellow color was obtained from aerial parts using hydrodistillation
(0.30 %, v/w) method. Totally, 72 components were identified representing 99.02% of the oil
(Table 9). The major compounds of essential oil of A. stiparum subsp. sabulicola were
Germacrene D (11.13 %), t-cadinol (11.01 %), Camphor (6.73 %), Spathulenol (6.50 %), and
Isoamyl salicylate (6.45 %).

Germacrene D has been identified as the major fraction (8.9% ) of the oil of aerial part of A.
cotula L. (Saroglou et al., 2006). Aslo, presente in many Anthemis essential oils with different
percentages. Such as: Aerial parts of A. segetalis Ten. (12.6%) (Radulovi¢ et al., 2009); A.
auriculata Boiss. (0.8-9.5%) and A. chia L. (0.6-4.6%) from Greece (Saroglou et al., 2006);
A. hyaline (5.1%) (Sajjadi and Mehregan, 2006) and in aerial parts of essential oil of A.

altissima L. (6.9%) (Javidnia et al., 2004) grown in Iran.

Also, t-cadinol was detected as a second major compound with 11.01 %. Many reports on
essential oil of Anthemis species have been detected t-cadinol compound with a high
percentages. For exemple; aerial parts of A. tinctoria L. var. parnassica (11.5%) (Saroglou et
al., 2006) and A. segetalis Ten (4.2%) growing in Montenegro (Radulovi¢ et al., 2009).

Other studies concerning the chemical composition of Anthemis essential oils, Hanbali et al.
(2007) found that camphor (17.5%) was among the major compounds in A. tenuisecta
growing in Morocco and in A. cretica L. subsp. Leucanthemoides from Turkey with 19.4%
(Baser et al., 2002). Camphor was determined as a constituent of the essential oil 6.73%
(Table 9). Borneol and 1,8 Cineole were identified as dominant compounds in essential oils of
Anthemis species (Radulovi¢ et al., 2009). Whereas, they were present in lower amounts in
our sample with 0.28 % and 0.26%, respectively. Interestingly, Isoamyl salicylate was found
to be one of the major compounds in essential oil of A. stiparum subsp. sabulicola with
6.45%. However, this compound was not reported from any Anthemis essential oils in the
literature. This compound is used in perfumes and fragrances (Khokhar et al., 2011). Changes
in the composition of essential oil might have arisen from several different factors such as

climatical, seasonal and geographical (Zengin et al., 2012).

Table 9. Chemical composition (%) of the essential oil of A. stiparum subsp. sabulicola
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N° Compounds Composition (%) RI
1 | Cumene 0.49 906
2 | a-Pinene 0.49 936
3 | Camphene 0.24 950
4 | 6-Methyl-5-heptene-2-one 4.34 976
5 | p-Pinene 0.05 978
6 | 0-Cymene 0.05 1009
7 | Eucalyptol (1,8 Cineol) 0.26 1024
8 | Limonene 0.06 1025
9 | y-Terpinen 0.15 1051
10 | Camphor 6.73 1123
11 | Borneol 0.28 1150
12 | Isogeranial 0.99 1156
13 | a-Terpineol 0.10 1176
14 | 2-Decanone or 3-Decanone 0.13 1178
15 | n-Dodecane 0.10 1200
16 | 3-Elemene 0.49 1340
17 | Neryl acetate 0.17 1342
18 | p-Damascenone 0.18 1348
19 | Decanoic acid 0.29 1349
20 | a-Copaene 0.62 1379
21 | Methyleugenol 0.12 1385
22 | f-Bourbonene 0.12 1388
23 | p-Elemene 0.28 1390
24 | p-Caryophyllene 1.97 1408
25 | p-Gurjunene 0.15 1431
26 | Seychellene 0.64 1447
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27 | a-Humulene 0.33 1455
28 | Alloaromadendren 0.57 1460
29 | Aromadendrane <dehydro-> 0.41 1462
30 | Sesquicineole <dehydro-> 4.46 1469
31 | Sesquicineole <7-epi-1,2-dehydro-> 0.16 1471
32 | Germacrene D 11.13 1481
33 | 9-Selinene 0.34 1492
34 | p-Himachalene 5.19 1500
35 | (E,2)-a-Farnesene 0.50 1501
36 | 1,5-Cycloundecadiene, 8,8-dimethyl-9-methylene- 0.84 1504
37 | p-Bisabolene 0.18 1505
38 | y-Cadinene 1.60 1510
39 | 5-Cadinene 1.15 1520
40 | Isoamyl salicylate 6.45 1523
41 | cis-3-Hexenyl Benzoate 0.74 1545
42 | y-Elemene 0.05 1570
43 | Spathulenol 6.50 1572
44 | Caryophyllene oxide 2.56 1578
45 | Globulol 0.44 1589
46 | Isoaromadendrene epoxide 1.22 1592
47 | Ledene oxide-(II) 0.65 1604
48 | Cubenol 0.56 1630
49 | Cedren-3-one <2-epi-o> 2.22 1631
50 | Hexenyl Phenyl acetate <(32)-> 1.50 1635
51 | t-Cadinol 11.01 1640
52 | p-Eudesmol 0.53 1641
53 | a-Cadinol 2.56 1643
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54 | Edusmol <7-epi-o> 1.41 1653
55 | Khusinol 0.88 1658
56 | a-Bisabolol 1.39 1673
57 | cis-Z-a-Bisabolene epoxide 3.80 1704
58 | Nuciferol <(Z)-> 0.32 1713
59 | Farnesol <2Z,6E)-> 0.42 1720
60 | y-Costol 0.26 1746
61 | Cedryl acetate 0.26 1769
62 | Farnesyl acetate <(2Z,6E)-> 0.28 1812
63 | E-10-Pentadecenol 0.13 1908
64 | Pimaradiene 0.08 1962
65 | Hexadecanoic acid 0.43 1981
66 | 2-Heptanone, 6-methyl-5-meth 0.35 2002
67 | Hexadecanoic acid, trimethylsilyl ester 0.30 2040
68 | Heneicosane 0.67 2100
69 | 1,18-Nonadecadien-7,10-dione 0.10 2168
70 | Labda-8(20),14-dien-6a,13-o0l, (13S)- 0.55 2265
71 | Tricosane 3.29 2306
72 | Pentacosane 0.78 2500
Total identified: 99.02
Monoterpenes: 5.88
Monoterpenoids: 8.36
Sesquiterpenes: 26.54
Sesquiterpenoids: 28.61
others 29.64
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Figure 42. GC/MS chromatogram of A. stiparum subsp. sabulicola essential oil showing the
detection of chemical components using DB-1 column

The monoterpenoids represented 8.36 % while sesquiterpenoids 28.61 % of the total oil. The

monoterpenes and sesquiterpenes were in the ratio of 5.88 % and 26.54 %, respectively

(figure 43). These results are nearly similar to other studies about essential oils of Anthemis

species, such as, essential oil of A. odontostephana Boiss. var. odontostephana growin in Iran

(Sajjadi et al., 2013) and Italian A. maritima grown in Pianosa (Ciccarelli et al., 2013) and A.

cotula from Serbia and Montenegro (Pavlovi¢ et al., 2010).
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Figure 43. Histogram of A. stiparum subsp. sabulicola essential oil showing the chemical

groups
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Figure 44. Chemical structures of major compounds of A. stiparum subsp. sabulicola

essential oil

2.2. Total phenolic and total flavonoid contents and Antioxidant activity of A. stiparum
subsp. sabulicola

Results of antioxidant activity of MeOH extract and essential oil of Athemis stiparum Subsp.
sabulicola by three the aforesaid assays are summarized in Table 10 and Figure 45.
Antioxidant activity increases with increasing extract/oil concentration in three assays. In
DPPH assay, MeOH extract of A. stiparum subsp. sabulicola scavenged 69.62 + 1.23 % of
DPPH* radical at 800 ug/mL concentration less than BHT and a-tocopherol. Wherase, EO
showed week scavenging (12.54 + 1.40 %) at the same concentration. In - caroten/linoleic

74



Results and discussion

acid assay, MeOH extract exhibiting nearly similar activity to the standards antioxidant agent
BHT and a-Tocopherol (94.03 + 0.92% at 800 ug/mL concentration). While, the oil
inhibited 52.65 = 0.75 %. The CUPRAC assay showed moderate activity for MeOH extract

compared with standards, while EO showed weak activity.

Table 10. Antioxidant activity (%) of the essential oil and methanol extract of A. stiparum

subsp. sabulicola by the DPPH and g-carotene/linoleic acid assays

Concentration Inhibition %
ug/mL MeOH EO BHA a-Tocopherol
DPPH 12.5 13.14+2.60 NA 31.15+0.65 90.7+0.23
25 17.53+1.91 NA 38.56+0.81 91.16+0.17
50 31.35+2.34 2.52+0.77 43.78+0.21 92.03+0.55
100 53.09+2.58 3.96+0.34 59.9+0.35 93.77+0,07
200 58.56+2.03 5.30+1.12 79.831£0.51 95.9+0.05
400 67.42+1.45 8.45+0.94 90.58+0.24 96.1+0.9
800 69.62+1.23 12.54+1.40 | 94.16x0.15 96.7+0.21
1Cs 92.69+4.48 917.69+68.14 | 45.4 £0.47 7.31+£0.17
[-carotene/ 12.5 58.11+0.28 NA 90.1+0.2 89.15+0.1
Iino!eic 25 75.174£2.78 8.46+2.45 91.56+0.22 90.6+0.3
acid 50 81.85+2.68 18.39+0.39 92.68+0.3 91.89+0.27
100 88.56+0.39 33.1+6.07 93.6+0.16 92.1+0.51
200 90.04+2.64 43.29+4.63 94.8+0.21 93.32+0.33
400 93.23+0.54 44.37+1.45 95.8+0.15 94.22+0,28
800 94.03+0.92 52.65+0.75 97.7+0.16 96.02+0,30
1Cs0 9.96+3.36 619.98+26.35 | 1.34+0.04 2.10+£0.08

# Values expressed are means + SD of three parallel measurements (p < 0.05).

NA: not active

The activity might be related to its phenolic content and flavonoids as reported in a previous
study (Mimica-Dukic et al., 1999). The concentration of phenolics and flavonoids in the
extract was expressed as micrograms of pyrocatechol and micrograms of quercetin
equivalents per milligrams of the extract, respectively. The methanol extract had 13.6 + 0.03
ug pyrocatechol equivalents as its phenolic content, and demonstrated 5.9 + 0.04 ug quercetin

equivalents as its flavonoid content.
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Figure 45. Cupric reducing antioxidant capacity of the methanol extract and essential oil of A.
stiparum subsp. sabulicola

Values expressed as absorbance at 450 nm are means + standard deviation of three parallel
measurements. (p < 0.05).

2.3. Anticholinesterase activity of A. stiparum subsp. sabulicola

The anticholinesterase activity of the essential oil and methanol extract of A. stiparum subsp.
sabulicola, against AChE and BChE enzymes was given in Table 11. Galantamine was the
standard drug for comparison. The methanol extract exhibited a weak inhibitory activity
against AChE and BChE enzymes. The ICsy values were 490.46 + 76.53, and 142.07 + 5.41
pg/mL, respectively. Whereas, the essential oil was inactive against AChE and exhibited a
weak inhibitory activity against BChE 212.14 + 2.31.
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Table 11. Acetylcholinesterase and butyrylcholinesterase inhibitory activities of the essential

oil and methanol extract of A. stiparum subsp. sabulicola®

Inhibition %
Concentration pg/mL MeOH EO Galantamine

AChE 3.125 NA NA 41.75+0.65
6.25 NA NA 52.32+1.20
12.5 NA NA 62.21+0.32
25 NA NA 68.36+1.10
50 6.64+1.88 NA 74.38+0.65
100 16.84+2.52 NA 78.59+0.47

200 22.18+3.88 NA 80.4+0.9

1Cso 490.46+76.53 NA 5.01+0.09
BChE 3.125 NA NA 17.44+1.08
6.25 NA NA 21.35+0.66
12.5 NA NA 29.62+1.30
25 14.29+3.08 15.42+0.98 40.59+2.88
50 25.35+0.71 27.1+2.78 48.73+0.90
100 36.97+2.77 37.11+0.98 65.02+0.44

200 - 47.69+0.81 82.2+1.6

1Cs0 142.0745.41 212.14+2.31 53.9+0.56

NA: not active
% 1Csp values represent the means + SD. of three parallel measurements (p < 0.05).

® Could not be determined due to turbidity in the well.

2.4. Minimum inhibitory concentrations and antibiofilm activity of A. stiparum subsp.
sabulicola

The antimicrobial and anti-biofilm activities of essential oil/MeOH extract of A. stiparum
subsp. sabulicola against 8 microorganisms were examined in the present study and the
results are given in Table 12. The essential oil inhibited the growth of all microorganisms
between 25 to 100 pL/mL concentrations. MIC of essential oil was 25 uL/mL for S. aureus
ATCC 25923 and S. epidermidis MU 30. These results are consistent with previous studies
(Bardaweel et al., 2014; Vakili et al., 2013) demonstrating that Anthemis species essential oil
possess antibacterial activity on the Staphylococcus spp. The essential oil of A. stiparum
subsp. sabulicola exhibited moderate antifungal activity against C. albicans ATCC 10239
with MIC value of 50 pL/mL. Essential oil at the MIC’s inhibited biofilm formations of all
microorganisms tested in various percentages. The oil exhibited the highest antibiofilm
activity against M. luteus NRRL B-4375 at 100 pL/mL (MIC) concentration with 45.41%. In
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the presence of 50 pL/mL essential oil (MIC), the mean biofilm formation value was equal to
44.44 % for B. subtilis ATCC 6633. At a concentration of 25 pL/mL essential oil, the biofilm
formations of S.epidermidis MU 30 and S.aureus ATCC 25923 were inhibited to 29.17 and
8.25%, respectively.

According to the results, S.aureus ATCC 25923 and B. subtilis ATCC 6633 were found as the
most susceptible strains against methanol extract of A stiparum subsp. sabulicola.

Using methanol extract, a MIC of 6.25 mg/mL was observed for C. albicans ATCC 10239.
On the other hand, methanol extract has low activity on the growth of the other strains, which
were only inhibited at high concentrations (12.5 and 25 mg/mL). In the presence of 1.56
mg/mL extract (MIC), the mean biofilm formation values were equal to 59.06 % for S. aureus
ATCC 25923, and 5.09 % for B. subtilis ATCC 6633. Methanol extract showed the strongest
antibiofilm activity against the C. albicans ATCC 10239 and it was induced 80.02 %
inhibition of the biofilm when used at MIC.

Our findings indicate that the essential oil/MeOH extract of A. stiparum subsp. sabulicola
may have a potential for the development of new anti-biofilm, as well as antimicrobial agents,

and demonstrate the importance of such medicinal plant in pharmaceutical production.
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Table 12. MIC and antibiofilm activity results of the essential oil and methanol extract of A. stiparum subsp. sabulicola

Essential oil

Methanol extract

Planktonic % inhibition on biofilms Planktonic % inhibition on biofilms
MIC MIC
Microorganism puL/mL MIC | MIC/ | MIC/ | MIC | MIC/ mg/mL MIC | MIC/ | MIC/ | MIC | MIC/

2 4 /8 16 2 4 /8 16
Staphylococcus aureus ATCC 25923 25 8.25 NI NI NI NI 1.56 59.06 NI NI NI NI
Staphylococcus aureus ATCC 6538 P 100 22.47 | 9.80 NI NI NI 12.5 27.84 | 11.43 NI NI NI
Staphylococcus epidermidis MU 30 25 29.17 NI NI NI NI 25 30.43 | 16.07 | 2.27 NI NI
Bacillus subtilis ATCC 6633 50 44.44 | 27.98 | 7.40 NI NI 1.56 5.09 NI NI NI NI
Bacillus cereus RSKK 863 100 8.80 NI NI NI NI 12.5 34.33 | 30.29 | 2091 | NI NI
Micrococcus luteus NRRL B-4375 100 45.41 | 20.21 | 8.25 NI NI 12.5 57.96 | 19.49 | 3.36 NI NI
Streptococcus mutans CNCTC 8/77 50 20.21 | 8.25 NI NI NI 12.5 25.80 | 9.67 NI NI NI
Candida albicans ATCC 10239 50 2193 | 4.83 NI NI NI 6.25 80.02 | 37.42 | 30.26 | NI NI

NI : no inhinition
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3. Results of Rhanterium suaveolens

3.1. GC/ MS of the essential oil of R. suaveolens

The essential oil having yellow color was obtained from aerial parts using hydrodistillation
method, the yield was 0.14% (volume/dry-weight). A total of 20 compounds were identified
representing 98.01% of the total oil content. The major compounds were perillaldehyde
(45.79%), caryophyllene oxide (24.82%), f-cadinol (5.61%), S-caryophyllene (5.17%), and 8-
cedren-13-ol (4.98%). p-pinene (3.21%) and a-irone (1.62%) were also determined as a
constituent of the essential oil (Table 13). Monoterpenoids accounted for 48.25 % of the total
oil content while sesquiterpenoids amounted to 37.97% of the total oil. The sesquiterpenes
and monoterpenes were detected in the ratio of 7.40% and 4.39%, respectively. The essential
oils of R. adpressum and R. epopposum were rich of monoterpenoids (Hamia et al., 2013;
Yaghmai and Kolbadipour, 1987). The essential oil of R. suaveolens also resembled to those

oils from classification side.

Table 13. The Chemical composition (%) of essential oil of R. suaveolens

N° Compounds Composition (%) RI?
1 |-Pinene 3.21 980
2 |3-Carene 0.33 1015
3 |a-Terpinene 0.85 1026
4 |Perillaldehyde 45.79 1270
5 |-Elemene t 1298
6 |Dihydroedulan 0.47 1305
7 |cis-Isoeugenol 0.32 1375
8 |f-citrylideneethanol 1.67 1398
9 |p-Caryophyllene 5.17 1415
10 |a-Caryophyllene t 1448
11 |Valencene 0.33 1455
12 |p-Vatirenene 1.12 1464
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13 |a-Muurolene t 1471
14 |a-Selinene t 1479
15 |a-Irone 1.62 1485
16 |cis-a-Bisabolene 0.78 1498
17 |Caryophyllene oxide 24.82 1572
18 |Isoaromadendrene epoxide 0.94 1579
19 |p-Cadinol 5.61 1655
20 |8-Cedren-13-ol 4.98 1680
Total identified: 98.01
Monoterpenes: 4.39
Monoterpenoids: 48.25
Sesquiterpenes: 7.40
Sesquiterpenoids: 37.97

8K ovats index on DB-1 fused silica column. t: trace
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Figure 46. GC/MS chromatogram of R. suaveolens essential oil showing the detection of

chemical components using DB-1 column

81



Resultats and discussion

45 -
40 -
35 -
30 -
25 -
20 -
15 -
10 -

0
B Monoterpenes B Monoterpenoids  Sesquiterpenes B Sesquiterpenoids

Figure 47. Histogram of R. suaveolens essential oil showing the chemical groups
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3.2. Total phenolic and total flavonoid contents and Antioxidant activity of R. suaveolens

The total phenolic and total flavonoid contents were performed spectrophotometrically using
pyrocatechol and quercetin as standard compounds, respectively. The phenolic content of
MeOH extract of R. suaveolens was 35.58 + 0.04 ug pyrocatechol equivalents/mg extract and
the flavonoid content was 5.5 = 0.02 pg quercetin equivalents/mg extract. It can be said that
the R. suaveolens is poor in flavonoids. Supportively, in a previous study (Bouaziz et al.,
2009). 625 £ 75 mg pyrogallol/100 g and trace milligrams of quercetin/100 g were reported
for the same plant collected in November of Douz area in Tunisia. The season and area of

collection of the plant may lead to the different results.

Table 14 shows the DPPH® scavenging activity and lipid peroxidation inhibitory activity by j-
carotene/linoleic acid assay of the EO and the MeOH extract of R. suaveolens. Antioxidant
activity of the extract and oil increased dose dependently in both assays. In DPPH assay, the
MeOH extract demonstrated good DPPH® scavenging activity (ICso = 36.59 £ 0.16 pg/mL),
while the EO exhibited weak activity. In the previous study the DPPH assay was performed
only for MeOH extract, and the 1Cso value was calculated as 1.09 + 0.19 pug/mL (Bouaziz et

al., 2009). These differences may be due to the collection time and locality of the plant.

Table 14. Antioxidant activity (%) of the essential oil and methanol extract of R. suaveolens
by the DPPH and g-carotene/linoleic acid assays®

Concentration Inhibition %
ug/mL MeOH EO BHA a-tocopherol
DPPH 12.5 19.84+1.27 NA 31.15+0.65 | 90.7+0.23
25 35.38+1.70 NA 38.56+0.81 | 91.16+0.17
50 66.95+0.27 3.2740.17 | 43.78+0.21 | 92.03+0.55
100 68.24+0.32 5.85+0.43 | 59.9+0.35 | 93.770,07
200 7352+0.19 | 10.42+0.31 |79.83+0.51| 95.9+0.05
400 74.98+0.16 | 17.36+0.04 |90.58+0.24 | 96.1+0.9
800 75.62+0.07 | 27.21#0.32 | 94.16x0.15| 96.7+0.21
ICs0 36.59+0.16 | 373.86+3.47 | 454+0.47 | 7.31+0.17
- 12.5 58+3.37 35.79+0.76 | 90.1#0.2 | 89.15+0.1
carotene 25 74.71+021 | 56.71+1.45 |91.56£0.22 | 90.60.3
Nlinoleic 50 81.14+0.27 | 60.07+1.39 | 92.68+0.3 | 91.89+0.27
acid 100 85.04+0.05 | 64.64+011 | 93.6:0.16 | 92.1+0.51
200 87.07+0.27 66.61+2.2 | 94.8+0.21 | 93.32+0.33
400 87.75+1.03 | 71.08+#3.13 | 95.8+0.15 | 94.22+0,28
800 88.76+1.23 | 68.36+0.15 | 97.7+0.16 | 96.02+0,30
ICs0 11554339 | 17.97+540 |1.34+0.04| 2.10+0.08

% Values expressed are means + SD of three parallel measurements (p < 0.05).

NA: not active
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In lipid peroxidation inhibition assay, the MeOH extract exhibited higher inhibition (1Cso =
11.55 + 3.39 pg/mL) against lipid peroxidation, while the EO exhibited (ICsp = 17.97 + 5.40
pg/mL). The EO composition was given in Table 13. As seen, there are no phenolic
compounds to scavenge the DPPH radicals. However, compounds as well as the conjugated
mono and sesquiterpenoids are responsible for the lipid peroxidation activity. These
compounds can scavenge the singlet oxygen and therefore protect the pS-carotene colour
against bleaching, indirectly.

Figure 49 shows the results of the CUPRAC (cupric reducing antioxidant capacity) of both
the MeOH extract and the EO of R. suaveolens. a-Tocopherol and BHT were used as positive
controls. As shown in figure 49 the activity of the MeOH extract of the R. suaveolens was
compatible with a-tocopherol at all concentrations. As expected the EO indicated a less

reducing activity.
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Figure 49. Cupric reducing antioxidant capacity of the essential oil and methanol extract of R.
suaveolens

Values expressed as absorbance at 450 nm are means + SD of three parallel measurements. (p < 0.05).
3.3. Anticholinesterase activity of R. suaveolens

The anticholinesterase activity of the EO and MeOH extract of R. suaveolens, against AChE
and BChE enzymes was given in Table 15. Galantamine was the standard drug for

comparison. The MeOH extract exhibited moderate to good inhibitory activity against AChE
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and BChE enzymes. The ICs, values were 169.29 + 3.87 and 40.94 + 0.97 pg/mL,
respectively. On the contrary, the EO was inactive against both AChE and BChE.

Table 15. Acetylcholinesterase and butyrylcholinesterase inhibitory activities (%) of the

essential oil and methanol extract of R. suaveolens.?

Inhibition %
Concentration pg/mL MeOH EO Galantamine

AChE 3.125 NA NA 41.75+0.65
6.25 NA NA 52.32+1.20
12.5 NA NA 62.21+0.32
25 NA NA 68.36£1.10
50 14.97+£1.72 NA 74.38+0.65
100 34.73+2.7 NA 78.59+0.47

200 57.15+0.85 NA 80.4+0.9

1Csp 169.29+3.87 NA 5.01+0.09
BChE 3.125 NA NA 17.44+1.08
6.25 NA NA 21.35+0.66
12.5 18.62+1.16 NA 29.62+1.30
25 35.73+6.98 NA 40.59+2.88
20 58.59+0.75 NA 48.73+0.90
100 69.66+0.06 NA 65.02+0.44

200 b NA 82.2+1.6

1Cso 40.94+0.97 NA 53.9+0.56

NA: not active
% 1Csp values represent the means + SD. of three parallel measurements (p < 0.05).

® Could not be determined due to turbidity in the well.
3.4. Minimum inhibitory concentrations and antibiofilm activity of R. suaveolens

The antimicrobial activity of the EO and MeOH extract against 6 bacteria species and
Candida albicans are given in (Table 16). The oil inhibited the growth of all microorganisms
between 10 and 80 pg/mL concentrations. EO at the MIC’s inhibited biofilm formations of all
microorganisms tested in various percentages. The oil exhibited the highest antimicrobial
activity against S. epidermidis MU 30 at 20 pg/mL (MIC/1) and at 10 pg/mL (MIC/2)

concentrations with 50.3 % and 32.96 %, respectively.

According to the results, B. subtilis was found as the most susceptible strain against MeOH
extract of R. suaveolens. The extract has low activity on the growth of M. luteus NRRL B-
4375 and S. epidermidis MU 30 which were only inhibited at high concentration (25 mg/mL).
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In the presence of 25 mg/mL extract (MIC), the mean biofilm formation values were equal to
58.34 % for M. luteus NRRL B-4375 and 49.06% for S. epidermidis MU 30.

In the current investigation, the EO exhibited antimicrobial activity, particularly against S.
epidermidis MU 30, M. luteus NRRL B-4375 and B. subtilisATCC 6633. Perillaldehyde, the
major compound of the oil is an antimicrobial agent. It demonstrated antimicrobial activity
against B. cereus, E. coli and S. aureus (Friedman, 2006). concerning the antimicrobial
activity against B. subtilis, the oil supported the previous results. However, the oil that
showed a weak activity against against S. aureus. This may be due to its percentage (45.79 %)
in the oil which did not reach to the extent necessary to inhibit the growth of those

microorganisms.
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Table 16. MIC and antibiofilm activities of the essential oil and methanol extract of R.suaveolens

Essential oil Methanol extract
Planktonic % inhibition on biofilms Planktonic % inhibition on biofilms
MIC MIC
Microorganism puL/mL MIC | MIC/ | MIC/ | MIC | MIC/ mg/mL MIC | MIC/ | MIC/ | MIC/ | MIC/
2 4 /8 16 2 4 8 16
Staphylococcus aureus ATCC 25923 20 9.48 NI NI NI NI 12.5 20.75 NI NI NI NI
Staphylococcus aureus ATCC 6538 P 80 4.96 NI NI NI NI 12.5 27.25 | 7.37 NI NI NI
Staphylococcus epidermidis MU 30 20 50.30 | 32.96 NI NI NI 25 49.06 | 19.72 | 11.92 NI NI
Bacillus subtilis ATCC 6633 40 45.55 | 13.20 NI NI NI 1.56 NI NI NI NI NI
Bacillus cereus RSKK 863 10 30.35 | 7.06 NI NI NI 12.5 50.49 | 13.01 | 8.43 NI NI
Micrococcus luteus NRRL B-4375 40 47.43 | 39.34 | 11.65 | NI NI 25 58.34 | 42,95 | 38.59 | 18.36 | 12.33
Streptococcus mutans CNCTC 8/77 40 24.04 NI NI NI NI 6.25 8.86 NI NI NI NI
Candida albicans ATCC 10239 80 18.53 NI NI NI NI 3.125 21.29 | 11.42 NI NI NI

NI : no inhibition
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4. Results of Centaurea furfuracea

4.1. GC/MS of the essential oil of C. furfuracea

The table 17 shows the chemical composition of the essential oil of C. furfuracea obtained by
hydrodistillation method, the yield of essential oil was 0.52 % (volume/dry-weight) and
having yellow color. A total of 69 constituents comprising 96.94 % were characterized from
the essential oil. The components listed in order of elution on a DB-1 column. Caryophyllene
oxide, Z-10-Pentadecen-1-ol and Farnesyl methylester were major compounds representing
12.01 %, 8.11% and 7.79 % respectively.

Caryophyllene oxide (12.01 %), the major component of the aerial part oil of C. furfuracea
has been also identified as the major fraction (38.5 %) of essential oil of aerial part of C.
pullata growing in Blida, North Algeria (Djeddi et al., 2011); the chloroform extract of aerial
parts of C. ensiformis (28.72%), C. austro-anatolica (21.32 %) and C. cariensis subsp. niveo-
tomentosa (20.79 %) collected in Mugla, Turkey (Ugur et al., 2009a; Ugur et al., 2009b; Ugur
et al., 2010); aerial parts of C. athoa oils (17.1 %) (Erel et al., 2013); C. aucheri (17.4 %)
(Asadipour et al., 2005); C. raphanina subsp. mixta (10.3 %) (Lazari et al., 1999) and C.
thessala. subsp. Drakiensis (7.8 %) (Lazari et al., 2000). Aslo, presented in many Centaurea
essential oils by different percentage. Such as: Aerial parts of C. solstitialis (25.2 %); C.
depressa (4.0 %) (Esmaeili et al., 2006); capitula of C. deflexa (12.8 %); C. aladaghensis (7.5
%); C. cheirolepidoides (6.1 %); flower heads of C. chrysantha (9.5 %) (Flamini et al., 2006);
C. eryngioides (4.3 %) (Senatore et al., 2005) and seeds of C. huber-morathii (3.3 %) (Baser
et al., 2006). Wherease, Farnesyl methylester 8.11 %, Z-10-Pentadecen-1-ol 7.79 % and trans-

2-hexadecenoic acid 6.08 % have not been identified in Centaurea essential oils previously.

88



Resultats and discussion

Table 17. The Chemical composition (%) of essential oil of C. furfuracea

N° Compounds Composition (%) | RI?
1 | Furan, 2-pentyl- 0.10 984
2 | 2-Nonen-1-ol 0.17 1088
3 | Linalool 0.09 1100
4 | Camphor 0.06 1141
5 | p-cymen-8-ol 0.06 1186
6 | Safranal 0.06 1189
7 | (E)-2-Decenal 0.29 1202
8 | Perilla aldehyde 0.43 1270
9 | Chroman 0.15 1286
10 | Carvacrol 0.07 1300
11 | 2,4-Decadienal, (E,E)- 0.10 1305
12 | a-cubebene 0.13 1350
13 | Alloaromadendrene 0.06 1372
14 | B-Elemene 1.61 1389
15 | 7-tetradecene 0.09 1394
16 | (22)-3,7-Dimethyl-2-octenyl-2-methylpropanoate 0.14 1405
17 | Cedrene 0.23 1410
18 | p-Caryophyllene 5.57 1420
19 | Isopropenyl-2,3,4,5-tetra methyl benzene 0.81 1428
20 | y(tau)-Elemene 2.64 1436
21 | di-epi-a-cedrene 0.22 1440
22 | a-humulene 0.51 1445
23 | Z-B-Farnesene 0.96 1448
24 | a-Himachalene 0.14 1450
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25 | gamma-elemene 0.31 1456
26 | a-Guaiene 1.33 1476
27 | Epi-bicyclosesquiphellandrene 2.48 1479
28 | Eremophilene 0.43 1483
29 | Ledene 0.10 1487
30 | y-Gurjunene 0.66 1495
31 | Z-10-pentadecen-1-ol 7.79 1498
32 | Isocaryophyllene 0.50 1509
33 | Aromadendrene oxide-2 0.12 1514
34 | 5,6-Decadien-3-yne, 5,7-diet 0.53 1519
35 | B-Cadinene 0.33 1530
36 | B-Guaiene 0.17 1532
37 | Epiglobulol 0.23 1539
38 | tau-Gurjunene 1.46 1550
39 | aromadendrene oxide 0.62 1569
40 | Spathulenol 1.76 1577
41 | Caryophyllene oxide 12.01 1556
42 | Z-a-bisabolene epoxide 2.52 1590
43 | Longifolenaldehyde 0.31 1613
44 | 8-cedrene-13-ol 1.68 1624
45 | B-Eudesmol 3.68 1649
46 | Santalol 0.22 1657
47 | 5B-7p-10a-Eudesm-11-en-1a-ol 1.32 1663
48 | 7,10,13-Hexadecatrienoic acid methyl ester 551 1670
49 | Z-9,17-Octadecadienal 2.10 1674
50 | Murolan-3,9(11)-diene-10-peroxy 1.43 1693
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51 | (2Z, 13E)-Octadecadien-1-ol 0.87 1725
52 fﬁiiﬁ;lgrrli:?g;ls(ﬁz,2,0)undecan-3-o| 122 1736
53 | Geranyllinallol 1.52 1751
54 | Eudesma-4,11-diene-2-ol 1.12 1773
55 | y-costol 0.90 1775
56 | Farnesyl methylester 8.11 1780
57 | 3Z,15Z-Octadecadien-1-ol acetate 0.18 1805
58 | Hexahydro farnesylacetone 0.88 1838
59 | 1-Eicosanol 3.05 1874
60 | Methyl 9,10-epoxystearate 0.10 1955
61 | Verticiol 0.14 2014
62 | 1,2,3,4-tetrahydrophenanthren-9-ol 0.21 2044
63 | n-Hexadecanoic acid 0.47 2103
64 | 9-Hexadecenoic acid 0.42 2125
65 | trans-2-hexadecenoic acid 6.08 2213
66 | 3,7,11,15-tetramethyl-2-hexadecen-1-ol 1.96 2235
67 | 2-Octadecoxyethanol 3.94 2475
68 | 3-ethyl-5(2-ethylbuthyl) Octadecane 0.49 2598
69 | 1-docosanol 1.00 984

Total identified: 96.94

Monoterpenoids: 1.15

Sesquiterpenes: 19.83

Sesquiterpenoids: 52.30

Fatty acids: 6.97

Other: 16.69

4Kovats index on DB-1 fused silica column.
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Figure 50. GC/MS chromatogram of C. furfuracea essential oil showing the detection of
chemical components using DB-1 column
Components of the essential oil of were separated into five classes (figure 51), including
monoterpenoids (1.15 %), sesquiterpenes (19.83 %), sesquiterpenoids (52.3 %); fatty acids
(6.97 %) and others (16.69 %). The essential oil consisted mainly of oxygenated
sesquiterpenes (52.3 %). caryophyllene oxide (12.01 %) and Z-10-Pentadecen-1-ol (7.79 %)
were the prevailing oxygenated sesquiterpenes. Different parts of C. zuvandica; C. cariensis
subsp. niveo-tomentosa; C. ensiformis and C. athoa were rich in oxygenated sesquiterpenes
(Erel et al., 2013; Salmanpour et al., 2009; Ugur et al., 2009a; Ugur et al., 2010). The

essential oil of C. furfuracea also resembled to those oils from classification side.
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Figure 51. Histogram of C. furfuracea essential oil showing the chemical groups
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Figure 52. Chemical structures of major compounds of C. furfuracea essential oil
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4.2. Total phenolic and total flavonoid contents and Antioxidant activity of C. furfuracea

There are many methods for assessment of antioxidant potential, and we cannot reliance of
single universal method. Thus, we tested three antioxidant assays, that would give a better
understanding into the true antioxidant potential of the essential oil and methanol extract.
Table 18 summed the results of antioxidant activity of the extracts. In f-carotene-linoleic
acid assay, methanol extract of C. furfuracea showed the best lipid peroxidation inhibition
activity with an ICs of 18.6 + 4.11 pug/mL followed by its essential oil (91.25 + 0.14 pg/mL).
Some literatures reported that the inhibition capacity of Centaurea species such as C.
mucronifera (35.2%) (Tepe et al., 2006), C. ensiformis (85.15% of ethyl acetate, 72.51% of
chloroform extract) (Ugur et al., 2009a) and 63.60% of methanol extract in C. pulchella
(Zengin et al., 2010). In contrast, in DPPH assay, the methanol extract and essential oil
showed moderate to low activity with ICso = 190.47 + 0.99 pg/mL for methanol extract and
1664.95+32 ug/mL for essential oil. The results of cupric reducing antioxidant capacity assay
were given as absorbances (Figure 53). Higher absorbance exhibited higher activity.
Generally, the extracts showed weak absorbances compared with BHA and a-tocopherol. The
values DPPH® scavenging activity of Centaurea species which plants growing in Scotland
was found as ranging from 0.018 mg/mL and 0.095 mg/mL (Kumarasamy et al., 2007). From
the results it can be concluded that C. furfuracea has lower free radical scavenging activity

than growing in Scotland.

Total phenolic and flavonoids contents of the extracts were investigated
spectrophotometrically. The methanol extract had 4.75 + 0.009 pg pyrocatechol equivalents as
its phenolic content, and demonstrated 3.17 + 0.001 pg quercetin equivalents as its flavonoid
content. The amount of phenolics was very small with the results described in the literature
for other Centaurea species. For example, the higher content was detected as 348.56 mg GAE
g™ for MeOH extract of C. pulcherrima var. pulcherrima growing in Turkey (Aktumsek et
al., 2013b) and lower content found with MeOH of C. ammocyanus as 10.9 mg GAE g*
from Jordan (Alali et al., 2007). The same thing with total flavonoid content, the other
Centaurea species showed high amount than C. furfuracea, ranging from 13.12 + 1.01 mg
Rutin Equivalent/g extract to 182.56 + 2.13 mg RE g in MeOH extract of C. babylonica and
C. pulcherrima var. pulcherrima, respectively (Aktumsek et al., 2013b). These differences
may due to genotype and growing location according to study carried out by Mpofu et al.
(2006) on wheat. Also, Giorgi et al. (2010) reported that higher altitude may constitute a

highly effective way to significantly enhance the levels of phenolic acids. Noticeable thing,
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the hight phenolic and favonoid contnets showed with C. pulcherrima var. pulcherrima
collected from Kardestep village, Arpacay, Kars in Turkey at 2245 m altitude.whereas, C.

furfuracea collected from Algerian Sahara at 33 m altitude.

Table 18. Antioxidant activity (%) of the essential oil and methanol extract of C. furfuracea
by the DPPH and pS-carotene/linoleic acid assays

Concentration Inhibition %
pg/mL MeOH EO BHA a-Tocopherol
DPPH 125 3.98+0.87 NA 31.15+0.65 | 90.7%0.23
25 5.72+0.97 NA 38.56+0.81 | 91.16+0.17
50 14.76+0.90 | 2.59+1.19 | 43.78+0.21 | 92.03+0.55
100 20.46+0.45 | 3.80+1.59 | 59.9+0.35 | 93.77%0,07
200 51.16+0.30 | 4.97+0.64 | 79.83x0.51 | 95.9+0.05
400 65.36£0.57 | 5.98+1.12 | 90.58+0.24 96.1+0.9
800 68.73+0.21 | 8.43+122 |94.16x0.15 | 96.7+0.21
ICs0 190.47+0.99 | 1664.95+32 | 454+ 0.47 | 7.31+0.17
B- 12.5 38.9+6.51 | 18.27+4.01 | 90.1%0.2 89.15+0.1
ca}roter_\e 25 51.56+5.48 | 40.26+2.41 | 91.56+0.22 90.6%0.3
Nlinoleic 50 66.56+1.18 | 46.23+1.53 | 92.68+0.3 | 91.89+0.27
acid 100 72.09+1.56 | 50.61+0.36 | 93.6£0.16 | 92.1+0.51
200 75.64+1 | 52.99+3.04 | 94.840.21 | 93.32+0.33
400 75.41+1.98 | 57.50+2.22 | 95.8+0.15 | 94.22+0,28
800 77.12+1.06 | 62.31+0.24 | 97.7+0.16 | 96.02+0,30
1Cxo 18.6+4.11 | 91.25+0.14 | 1.34+0.04 2.10 +0.08

% Values expressed are means + SD of three parallel measurements (p < 0.05).

NA: not active
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Figure 53. Cupric reducing antioxidant capacity of the essential oil and methanol extract of
C. furfuracea

Values expressed as absorbance at 450 nm are means + standard deviation of three parallel
measurements. (p < 0.05).

4.3. Anticholinesterase activity of C. furfuracea

ACNhE inhibitors are used for the treatment of mild to moderate AD (Birks, 2006). Currently,
the three cholinesterase inhibitors licensed Donepezil, Rivastigmine, and Galantamine are
widely recommended for clinical use (Kaduszkiewicz et al., 2005). Recently, there is a
growing interest from the researchers about finding new AChE inhibitors from the plant
resources. Anticholinesterase activity of some Centaurea species has been studied by
Aktumsek et al. (2013a). This study inspected the anticholinesterase activity of C. furfuracea
for the first time. Table 19 shows the results of AChE and BChE inhibitory activities of the
extracts compared with that of Galantamine used as a standard drug. The tests were screened
for AChE inhibitory activity using Ellman’s colorimetric method in a 96-well plate by
microplate reader at 25, 50 and 100 pg/mL concentrations. As shown in table 19 the methanol
extract indicated a noticeable inhibition against AChE and BChE at all concentrations, the
ICs0 values were found be 164.4 £ 5.69 and 82.4 + 1.75 pg/mL, respectively. These values are
comparable to the value reported in the literature for other Centaurea species such as C.
polypodiifolia var. pseudobehen (24.54% and 45.50% for AChE and BChE at 2 mg/mL)
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(Aktumsek et al., 2013a). while the essential oil showed almost no activity against AChE and
BChE. Whereas, essential oils of other Centaurea species showed moderate activity (Ertas et
al., 2014).

Table 19. Acetylcholinesterase and butyrylcholinesterase inhibitory activities (%) of the
essential oil and methanol extract of C. furfuracea.?

Inhibition %
Concentration pg/mL MeOH EO Galantamine

AChE 3.125 9.59+2.79 NA 41.75+0.65
6.25 10.67+0.53 NA 52.32+1.20
125 18.62+0.3 NA 62.21+0.32
25 21.22+1.6 NA 68.36+1.10
o0 22.92+2.31 NA 74.38+0.65
100 41.27+0.26 NA 78.59+0.47

200 55.9+2.42 NA 80.4+0.9

1Cso 164.4+5.69 NA 5.01+0.09
BChE 3.125 NA NA 17.44+1.08
6.25 NA NA 21.35+0.66
125 NA NA 29.62+1.30
25 13.56+1.78 NA 40.59+2.88
50 34.52+1.07 NA 48.73+£0.90
100 59.14+1.73 NA 65.02+0.44

200 b - 82.2+1.6

1Cso 82.4+1.75 - 53.9+0.56

NA: not active
% 1Cs values represent the means + SD. of three parallel measurements (p < 0.05).

® Could not be determined due to turbidity in the well.
4.4. Minimum inhibitory concentrations and antibiofilm activity of C. furfuracea

Biofilms can provide a protective environment for pathogenic bacteria and reduce the
effectiveness of inhibitory agents, Which leads to cause diseases in humans and animals
(Hall-Stoodley et al., 2004). The antibiofilm activity and MIC of the essential oil and
methanol extract of C. furfuracea were studied in this work. The results are shown in Table
20. Statistically, the essential oil inhibited the growth of all tested microorganisms between
6.25 and 25 pL/mL concentrations, better than methanol extract. MIC values detrmined for
methanol extract between 6.25 to 50 mg/mL. The extract has low activity on the growth of S.
aureus ATCC 6538 P, S. epidermidis MU 30, B. cereus RSKK 863 and M. luteus NRRL B-
4375 which are only inhibited at high concentration (50 mg/mL). The antimicrobial activity of
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essential oils and extracts of some Centaurca species have been investigated before. Ethyl
acetate, acetone, chloroform, and ethanol extracts from C. ptosomipappoides, C. odyssei, C.
ptosomipappa, C. amonicola and C. kurdica were investigated by agar-well diffusion assay,
and all of the extracts exhibited an antimicrobial effect against Staphylococcus aureus,
Micrococcus luteus, Bacillus cereus, Salmonella typhimurium, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Candida albicans and Candida globrata. When, the high
antimicrobial activity shown in ethyl acetate extract with MIC values between 62.5 and 250
mg/mL (Glven et al., 2005).

In other study, The essential oils of C. sessilis and C. armena showed antibacterial activity
against Yersinia pseudotuberculosis ATCC 911, Enterococcus faecalis ATCC 29212,
Staphylococcus aureus ATCC 25923, and Bacillus subtilis ATCC 6633 with inhibition zones
between 5.5 and 10 mm (Yayli et al., 2005). Whereas, essential oils of C. appendicigera and
C. helenioides showed antimicrobial activity against Enterococcus faecalis ATCC 29212,
Staphylococcus aureus ATCC 25923, and Candida albicans ATCC 10231 with MIC between
80 and 330 pg/mL (Yayl et al., 2009).

In other study by Biilent Kose et al. (2007). High antimicrobial activity of Centaurea
aladagensis essential oil have shown against Staphylococcus epidermidis ATCC 1228 with
MIC = 0.11 mg/mL. However, extraxts and essential oils of Centaurea species showed

noticible antimicrobial activity against some microorganism with various percentages.

In the presence of 25 pL/mL essential oil (MIC), the mean biofilm formation values were
equal to 40.75 % for B. subtilis ATCC 6633 and 39.80 % for C. albicans ATCC 102309.
Essential oil did not exhibit inhibitory effect against S. aureus ATCC 6538-P biofilm

formation.

The highest antibiofilm activity has been found 87.90 % with MeOH extract against S. aureus
ATCC 6538 P and 87.53 % against B. subtilis ATCC 6633 at 50 mg/mL and 25 mg/mL
concentrations (MIC), respectively. C. furfuracea essential oil has shown a good

antimicrobial activity against test bacteria while extract has shown good antibiofilm activity.
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Table 20. MIC and antibiofilm activities of the essential oil and methanol extract of C. furfuracea

Essential oil

Methanol extract

Planktonic % inhibition on biofilms Planktonic % inhibition on biofilms
MIC MIC
Microorganism puL/mL MIC | MIC/ | MIC/ | MIC | MIC/ mg/mL MIC | MIC/ | MIC/ | MIC/ | MIC/
2 4 /8 16 2 4 8 16
Staphylococcus aureus ATCC 25923 12,5 11.82 NI NI NI NI 6.25 14.51 NI NI NI NI
Staphylococcus aureus ATCC 6538 P 6.25 NI NI NI NI NI 50 87.90 | 34.41 | 18.60 NI NI
Staphylococcus epidermidis MU 30 125 28.09 | 21.22 NI NI NI 50 80.13 | 38.35 | 18.49 NI NI
Bacillus subtilis ATCC 6633 25 40.75 | 16.28 NI NI NI 25 87.53 | 56.74 | 34.01 | 10.09 NI
Bacillus cereus RSKK 863 6.25 6.94 NI NI NI NI 50 83.03 | 72.34 | 47.94 | 1560 | 7.47
Micrococcus luteus NRRL B-4375 25 10.40 NI NI NI NI 50 79.07 | 58.85 | 51.20 | 22.91 | 13.47
Streptococcus mutans CNCTC 8/77 6.25 18.08 NI NI NI NI 25 31.09 | 19.57 | 6.42 NI NI
Candida albicans ATCC 10239 25 39.80 | 9.01 NI NI NI 12.5 36.11 | 14.44 | 951 NI NI

NI: no inhibation
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VI. GENERAL DISCUSSION

Essential oils and their various components have received much attention as a source of new
drugs, because many have been demonstrated to have significant antibacterial, antifungal
antimycotic, antihelmintic, and antiseptic properties against a wide range of microorganisms.
Essential oils have also been shown to have antispasmodic and antioxidant properties, and to
function as effective food preservatives (Burt, 2004; Djilani and Dicko, 2012; Lopes-Lutz et
al., 2008). Synthetic antioxidants such as butylhydroxyanisole (BHA) and butylated
hydroxytoluene (BHT), which are commonly used in food and beverages, have toxic effects
on the lungs and increase the incidence of liver tumors. Moreover, many infectious diseases
have become difficult to treat because of antibiotic resistance, which is increasing at an
alarming rate. In some cases, there are no treatment options. Therefore, to combat increasing
antibiotic resistance and to meet the increasing demand for safe antioxidants, it is important to
search for, and develop, new and natural antimicrobial and antioxidant agents (Ud-Daula et
al., 2016).

Free radicals are known to play a pivotal role in the onset and exacerbation of several
pathologies (Demir et al., 2014). By counteracting these free radicals, antioxidants help in
preserving good health. Indeed, phytochemicals have received much interest owing to their
molecular structure which consists of hydroxyl groups on aromatic rings and this has been
associated with their functionality as oxidant scavengers (Tukun et al., 2014). Phytochemicals
act by inhibiting oxidative chain reactions at cellular level thereby increasing their therapeutic
efficacy (Akhtar et al.; Zengin et al., 2015).

Polyphenolic compounds have an important role in stabilizing lipid oxidation and are
associated with antioxidant activity and phenolic compounds are also known as powerful
chain breaking antioxidants (Shahidi et al., 1992). It is suggested that polyphenolic
compounds have inhibitory effects on mutagenesis and carcinogenesis in humans, when up to
1.0 g daily is ingested from a diet rich in stems and vegetables (Tanaka et al., 1988). It is well
known that polyphenols are widely distributed in plants, they are sometimes present in high
concentrations, especially in medicinal plant and many edible plants (Hagerman et al., 1998).
Flavonoids and phenolic compounds are the main antioxidative compounds of fruits and
vegetables (Huang et al., 1998), which exhibit considerable free radical scavenging activities,
through their reactivity as hydrogen or electron-donating agents, and metal ion chelating

properties (Rice-Evans et al., 1996). The biological properties, scavenging and antioxidant
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activities of flavonoids have been extensively reviewed (Boumerfeg, 2010; Kumar and
Pandey, 2013).

In this regard, the phenolic content of the plant extracts was estimated using the Folin-
Ciocalteau method. This method is rapid and simple. Flavonoids are the major class of
phenolic compounds and are known to exhibit strong antioxidant activities. The concentration
of phenolics and flavonoids in the extract was expressed as micrograms of pyrocatechol and
micrograms of quercetin equivalents per milligrams of the extract, respectively. Interestingly,
in the present study, it was observed that MeOH extract of M. deserti showed high phenolic

and flavonoid content.

The methanolic extracts had values ranging between 4.75+0.009 and 58.166+0.033 pg
pyrocatechol equivalents as its phenolic content (ng pyrocatechol Eq/mg), in the following

order:

M. deserti > R. suaveolens > A. stiparum subsp. sabulicola > C. furfuracea

The flavonoids content in the four plants were varied from 3.17+0.001 to 5.94+0.011 pug Q-
Eqg/mg. In general flavonoids levels have not exhibited a great difference among various plant

extracts.

The phenolic content of MeOH extract of R. suaveolens was 35.58 + 0.04 pg pyrocatechol
equivalents/mg extract and the flavonoid content was 5.5 + 0.02 pg quercetin equivalents/mg
extract. It can be said that the R. suaveolens is poor in flavonoids. Supportively, in a previous
study (Bouaziz et al., 2009). 625 + 75 mg pyrogallol/100 g and trace milligrams of
quercetin/100 g were reported for the same plant collected in November of Douz area in
Tunisia. The season and area of collection of the plant may lead to the different results.

The antioxidant capacity cannot be fully described using a single method because antioxidant
capacity is influenced by many factors. Therefore, various assays are performed for
determination of antioxidant capacity (Wong et al., 2006). Accordingly, we have practiced
three chemical assays for antioxidant properties of plant extracts.
2,2-Diphenyl-1-picrylhydrazyl radical is one of the few stable organic nitrogen radicals,
which has a deep purple color. It does not have to be generated before assay. The DPPH assay
is mainly based on an electron transfer reaction, and hydrogen-atom abstraction (Prior et al.,
2005). This assay is based on the measurement of the reducing ability of antioxidants toward
DPPH.
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Table 21: Results of total phenolic and flavonoid contents and antioxidant and anticholinesterease activities of essential oils and methanol

extracts of all studied plants

pgeogg:ic FI;/Ootg(IJid DPPH assay /Iinoﬂlge(i:gl ;?:tifjngssay CUPRAC assay * AChE inhibition inEicl:)?tliEon

Plants content content |Cso (Hg/mL) 1Cso (Mg/mL) Aoso (Mg/mL) 'Co (ugmL) ICs0 (ug/mL)

ngPEmg” | pgQEmg’ | MeOH | EO | MeOH | EO | MeOH EO MeOH | EO | MeOH | EO

M. deserti 56.25 5.19 12.87 | 559.78 | 2.15 | 21.42 | 32.28 | 349.38 | 277.39 / 93.3 /
A. stiparum subsp. sabulicola | 1319 5.91 92.69 | 917.69 | 9.96 | 619.98 | 131.83 | 1508.13 | 490.46 | 142.07 | 212.14 | [
R. suaveolens 34.40 5.47 36.54 | 37386 | 1155 | 17.97 | 56.04 | 802.23 | 169.29 / 4094 | I
C. furfuracea 4.56 3.15 190.47 | 16649 | 186 | 91.25 | 162.47 | 1334.72 | 164.4 / 82.4 /

% The sample concentration providing 0.50 absorbance (Agso) Was calculated from the graph of theabsorbance of cupric reducing antioxidant

capacity against the sample concentration .

ng PE mg™: pg pyrocatechol equivalents /mg of extract

ng QE mg™: ug quercetin equivalents /mg of extract
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DPPH assay of methanolic extracts and essential oils of four plants was investigated using
Blois method with slight modification (Blois, 1958). ICsy value is the effective concentration
at which DPPH radicals were scavenged by 50% and was calculated from the graph plotting
inhibition percentage against extract concentration. 1Csg value is inversely related to
antioxidant ability of extracts. Results are given in Tables 6, 10, 14 and 18. As can be seen in
the tables, all EOs and extracts exhibited a concentration-dependent DPPH radical scavenging
activity. The highest activity showed with MeOH extract of M. deserti (ICsp = 12.87+0.25
pg/mL). Antioxidant activity of MeOH extracts showed the following order:

M. deserti > R. suaveolens > A. stiparum subsp. sabulicola > C. furfuracea

Results revealed a high correlation (R = 0.9598) between DPPH radical scavenging activity
and phenolic content in different extracts (P < 0.05), indicating that polyphenols might be the
main hydrogen donating responsible for the antioxidant activities. While, the oils showed
weak activity ranging between 373.86+3.47 pg/mL for EO of R. suaveolens and 1664.95+32
ug/mL for EO of C. furfuracea. However, the 1Cs values of MeOH extracts were between
12.87+0.25 pg/mL for MeOH of M. deserti and 190.47+0.99 pg/mL for MeOH of C.

furfuracea.

In Ss-Carotene/linoleic acid bleaching assay, the linoleic acid free radical formed attacks the
highly unsaturated f-carotene molecules and in the absence of an antioxidant rapidly bleached
the orange color of S-carotene. from linoleic acid. The linoleic acid free radical attacks the
highly unsaturated p-carotene models. The presence of different antioxidants can hinder the
extent of p-carotene-bleaching by neutralizing the linoleate- and other free radicals formed in
the system (Shon et al., 2003; Wettasinghe and Shahidi, 1999). The extent of discoloration is
monitored spectrophotometrcially at 470 nm (Jayaprakasha et al., 2001; Miller, 1971). The
lowest p-carotene discoloration rate exhibited the highest antioxidant activity. The inhibition
capacities measured in the MeOH extracts were better than that from EOs. The inhibition

value reached 94.03% in MeOH extract of A. stiparum subsp. Sabulicola.

The results of CUPRAC assay are depicted in Figures 37, 39, 41 and 43. The method is based
on measures cupric ion reducing ability of polyphenols and was developed by Apak et al.
(2004). The assay based on reduction of Cu** to Cu'" by antioxidant compounds in the

presence of neocuproine. The test system has distinct advantages such as, simplicity, clarity of
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end point and mechanism, readily available instrumentation, good intra- and inter-assay
reproducibility (Prior et al., 2005). As shown in fingures aforesaid, reducing power of MeOH
extract of M. deserti showed high activity better than standards at 800 pg/mL concertation

with Absssonm = 3.81. Whereas, the rest of extracts and essential oils were less than standards.

Acetylcholinesterase (AChE) catalyzes the hydrolysis of acetylcholine (ACh) in the brain,
which is one of the most important neurotransmitter in the synaptic gap. Alzheimer’s diseases
(AD) patients have low levels of acetylcholine. From this point, if AChE is inhibited, an
increased amount of ACh will accumulate in the synaptic area. This phenomenon is called as
“cholinergic hypothesis” and thus improving mental function AD patients (Zengin, 2016). To
this end, several AChE inhibitors (galatamine, tacrin and rivastigmine) are synthetically
produced, but they exhibited several side effects including gastrointestinal problems (Chopra
etal., 2011).

AChE inhibitors are well utilized for the management of mild to moderate AD, and there are
several researchers focused on the search of new AChE inhibitors from the herbal resources
(Aktumsek et al., 2013a; Giacobini, 2004). This study examined the anticholinesterase
activity of four Saharian plants for the first time. The MeOH extracts and EOs were screened
for AChE inhibitory activity using Ellman’s colorimetric method in a 96-well plate (Ellman et
al., 1961). The results of AChE and BChE inhibitory activities of tested Centaureaspecies
were expressed as percentage of inhibition. ICso of BChE inhibitory ranged between 40.94
pug/mL and 142.07 pg/mL when for MeOH extract of R. suaveolens and A. stiparum subsp.
sabulicola, respectively. While, essential oils did not record any inhibation except A. stiparum
subsp. sabulicola essential oil with 1Csp = 212.14 pg/mL. Concerning AChE inhibition,
MeOH extract of C. furfuracea demonstrated higher AChE activity than other extracts (ICso =
164.4 ng/mL). The essential oils were not active against AChE enzyme.

Foodborne illnesses are a major concern for consumers, the food industry, and food safety
authorities. In recent years, considerable effort has been made to find natural antimicrobials
that can inhibit bacterial and fungal growth in foods in order to improve quality and shelf-life.
Similarly, consumers have become concerned about the safety of synthetic preservatives used
in food. As a result, there is increasing demand for natural products that can serve as
alternative food preservatives (Tajkarimi et al., 2010). This, in turn, has led to a search for
antimicrobials derived from a variety of natural sources. Natural antimicrobials can be

obtained from different sources including plants, animals, bacteria, algae and fungi. Several
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studies related to plant antimicrobials have demonstrated the efficacy of plant-derived
compounds in food applications, as well as factors influencing this effectiveness (Gyawali and
Ibrahim, 2014; Tajkarimi et al., 2010).

A biofilm is a complex matrix of microorganisms in which cells bind together and attach to
biotic or abiotic surface (Costerton et al., 1999; Hall-Stoodley et al., 2004). Biofilms usually
create a sticky gel composed of polysaccharides, proteins and other organic components on a
wet surface, found in different environments including clinical and industrial, food processing
environments, and drinking water distribution systems . Bacteria within biofilms are more
resistant to antibiotics and chemical agents than planktonic cells in suspension (Ceri et al.,
1999; Rounds et al., 2012). Chemical agents penetrating into the biofilm matrix are less
effective, because most of the chemicals are active only against unattached microorganisms.
In order to penetrate and degrade biofilms, it is necessary to hydrolyze the biofilm matrix.
Restricting the growth and development of food borne and nosocomial pathogens such
as Staphylococcus aureus and Escherichia coli is very important, however the eradiation of
these organisms is not always successful because of their ability to form biofilms on a various
range of surfaces (Bazargani and Rohloff, 2016; Nostro et al., 2007).

In the study of antimicrobial and antibiofilm formation activities against six bacterial strains
and a yeast (Candida albicans) were performed, the MeOH extract of A. stiparum subsp.
sabulicola showed best minimum inhibitory concentration (MIC) against Staphylococcus
aureus ATCC 25923 and Bacillus subtilis ATCC 6633 with 1.56 mg/mL. And the same MIC
showed with MeOH extract of R. suaveolens against B. subtilis ATCC 6633. As far as the
antibiofilm formation activity, MeOH extract of C. furfuracea exibited highest percentage of
biofilm formation of Staphylococcus aureus ATCC 6538 P (87.90 %) at 50 mg/mL.
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Conclusion and perspectives

VI1I. Conclusion and perspectives

The aim of this work was to conduct the chemical composition of essential oils of four
medicinal plants from Algerian Sahara and investigate the antioxidant, anticholinesterase,
antimicrobial and antibiofilm activities of their essential oils and methanol extracts. The
resutls of antioxidant activity indicate that extracts contain active compounds. Esspecially,
methanol extract of M. deserti and R. suaveolens. Apparently, there is strong positif relation
between polyphenol content and antioxidant activity, which suggests that the active
compounds on extracts are phenolic compounds. The investigated essential oils have no
almost phenolic compounds. Therefore, they behave to be slightly effective as antioxidants.
Anticholinesterase activity screening leads to the conclusion that extracts have moderate to
good activity against AChE and BChE. The highest activity was given away with methanol
extract of R. suaveolens against BChE and was nearly similar with galantamine. Thus, the
plant can be used as an anticholinesterase agent, particularly against BChE. Further studies
are necessary to evaluate the origin of the activity. The studied oils were almost inactive,

exept those of A. stiparum subsp. sabulicola which inhibit moderate activity against BChE.

In results of antimicrobial activity, methanol extracts and essential oils showed a certain
inhibition of growth attributed to all tested microoganisms with different percentages.
Statistically, methanol extract of A. stiparum subsp. sabulicola showed higher antimicrobial
activity. Whereas, in antibiofilm activty, methanol extracts showed better activity than
essential oils and highest antibiofilm activity have reached to 87.90 % with methanol extract
of C. furfuracea against Staphylococcus aureus ATCC 6538 P at 50 mg/mL. these results
indicate that the essential oils and methanol extracts may have a potential for the development
of new anti-biofilm, as well as antimicrobial agents, and demonstrate the importance of such

medicinal plant in pharmaceutical production.

These results are preliminary and it would be interesting to test the activity of high purified
fractions and isolate the responsible molecules which underlie the various detected activities
in different extracts by more efficient methods. In any case it is important to highlight that the
tests were performed in vitro. It is thus mandatory to confirm these findings by in vivo studies

S0 as to obtain useful information for eventual therapeutic or dietary interventions.
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ABSTRACT ARTICLE HISTORY

Twenty compounds were detected in the essential oil of Rhanterium
suaveolens representing 98.01% of the total oil content. Perillaldehyde
(45.79%), caryophyllene oxide (24.82%) and f-cadinol (5.61%) were
identified as the main constituents. In f-carotene-linoleic acid assay,
both the oil and the methanol extract exhibited good lipid peroxidation
inhibition activity, with IC, values of 17.97 £ 5.40and 11.55 +3.39 ug/
mL, respectively. In DPPH and CUPRAC assays, however, the methanol
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extract exhibited a good antioxidant activity. The highest antibiofilm
activity has been found 50.30% against Staphylococcus epidermidis
(MU 30) at 20 pg/mL for essential oil and 58.34% against Micrococcus
luteus (NRRL B-4375) at 25 mg/mL concentration for methanol extract.
The in vitro anticholinesterase activity of methanol extract showed
a moderate acetylcholinesterase inhibitory (IC,; = 168.76 + 0.62 pg/
mL) and good butyrylcholinesterase inhibitory (IC;, = 54.79 + 1.89 pg/
mL) activities. The essential oil was inactive against both enzymes.
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1. Introduction

The genus Rhanterium is distributed over western North Africa, the Arabian Peninsula, Iraq
and Iran. Three species; namely, R. adpressum Coss. & Durieu, R. epapposum Oliver and R.
suaveolens Desf. of this genus have been reported in the literature. R. intermedium Coss. &
Durieu ex Pomel is another species, but it is a hybrid between R. suaveolens and R. adpressum.
R. suaveolens Desf., a member of the Asteraceae (Compositae), is locally known as ‘Arfadja’
Quézel and Santa reported that it is an endemic desert plant growing in North Africa (Quézel
& Santa 1963; Wiklund 1986). Some of the Rhanterium species are used in folk medicine as
an antidiuretic (Hamia et al. 2013).

There are some studies on the Rhanterium species in the literature. In one study, f-eudes-
mol, 16-hydroxylupeolyl-3-hexadecanoate, stigmasterol and (+)-3-[3’-(nona-1"-en-3",5",7"-
trynyl) oxiran-2'-yl] propan-2-ol were isolated from R. adpressum (Bouheroum et al. 2007).
In another study, scopoletin was isolated from R. epapposum (Miana & Al-Hazimi 1983). The
composition of R. adpressum and R. epapposum was also studied (Yaghmai & Kolbadipour
1987; Al-Easa 2004; Al-Mazroa et al. 2006; Kala et al. 2009). Ranthenone glucoside, 9-hydrox-
ylinaloyl glucoside, scopolin, fraxetin, scopoletin and sitosterol-35-O-[6'-palmitoyl-$-D-glu-
copyranoside] (Oueslati et al. 2007), antimicrobial polyacetyleneic alcohols (Oueslati et al.
2004) and ceramides (Oueslati et al. 2005) were isolated from the R. suaveolens.

The essential oil composition of the R. suaveolens and biological activities have not been
reported earlier, except the antiradical activity using ABTS and DPPH assays (Bouaziz et al.
2009).

This paper is the first study of the chemical composition of essential oil of R. suaveolens.
Antibiofilm and anticholinesterase activity of essential oil and methanol extract of
R. suaveolens against acetylcholinesterase (AChE) and butyrylcholinesterase (BChE), the chief
enzymes of Alzheimer’s disease, were also reported for the first time. Hence, the main objectives
of this work were: determine the chemical composition of hydrodistillated oil of the aerial
parts of R. suaveolens using gas chromatography and gas chromatography/mass spectrometry
(GC/MS). The antibiofilm effect of sub-MICs of essential oil and methanol extract was assessed
by the microplate biofilm assay. The antioxidant capacity of the essential oil and methanol
extract was evaluated using three complementary assays; namely, -carotene-linoleic acid,
DPPH' scavenging and CUPRAC assays.

2. Results and discussion
2.1. Essential oil

The EO having yellow colour was obtained from aerial parts using hydrodistillation method
and the yield was 0.14% (volume/dry-weight). A total of 20 compounds were identified repre-
senting 98.01% of the total oil content. The major compounds were perillaldehyde (45.79%),
caryophyllene oxide (24.82%), -cadinol (5.61%), f-caryophyllene (5.17%) and 8-cedren-13-ol
(4.98%). p-pinene (3.21%) and a-irone (1.62%) were also determined as a constituent of the
EO (Table S1). Monoterpenoids accounted for 48.25% of the total oil content while sesqui-
terpenoids amounted to 37.97% of the total oil. The sesquiterpenes and monoterpenes
were detected in the ratio of 7.40% and 4.39%, respectively. The EOs of R. adpressum and R.
epopposum were rich in monoterpenoids (Yaghmai & Kolbadipour 1987; Hamia et al. 2013).
The EO of R. suaveolens also resembled to those oils from classification side.
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2.2. Anticholinesterase activity

The anticholinesterase activity of the EO and MeOH extract of R. suaveolens, against AChE
and BChE enzymes was given in Table S2. Galantamine was the standard drug used for
comparison. The MeOH extract exhibited moderate to good inhibitory activity against AChE
and BChE enzymes. The IC, values were 168.76 + 0.62 and 54.79 + 1.89 ug/mlL, respectively.
On the contrary, the EO was inactive against both AChE and BChE.

2.3. Total phenolic and total flavonoid contents and antioxidant activity

The total phenolic and total flavonoid contents were performed spectrophotometrically
using pyrocatechol and quercetin as standard compounds, respectively. The phenolic con-
tent of MeOH extract of R. suaveolens was 35.58 + 0.04 ug pyrocatechol equivalents/g extract
and the flavonoid content was 5.5 + 0.02 pg quercetin equivalents/g extract. It can be said
that the R. suaveolens is poor in flavonoids. Supportively, in a previous study (Bouaziz et al.
2009), 625 + 75 mg pyrogallol/100 g and trace milligrams of quercetin/100 g were reported
for the same plant collected in November in Douz area in Tunisia. The season and area of
collection of the plant may lead to the different results.

Table S3 shows the DPPH" scavenging activity and lipid peroxidation inhibitory activity by
p-carotene/linoleic acid assay of the EO and the MeOH extract of R. suaveolens. Antioxidant
activity of the extract and oil increased dose dependently in both assays. In DPPH assay, the
MeOH extract demonstrated good DPPH" scavenging activity (IC;, = 0.017 + 0.004 mg/mL),
while the EO exhibited weak activity. In the previous study, the DPPH assay was performed
only for MeOH extract and the IC, value was calculated as 1.09 + 0.19 pg/mL (Bouaziz et al.
2009). These differences may be due to the collection time and locality of the plant.

In lipid peroxidation inhibition assay, the MeOH extract exhibited higher inhibi-
tion (IC,, = 11.55 + 3.39 pg/ml) against lipid peroxidation, while the EO exhibited
(IC,,=17.97 £5.40 pg/mL). The EO composition was given in Table S1. As seen, there are no
phenolic compounds to scavenge the DPPH radicals. However, compounds as well as the
conjugated mono and sesquiterpenoids are responsible for the lipid peroxidation activity.
These compounds can scavenge the singlet oxygen and therefore protect the p-carotene
colour against bleaching, indirectly.

Figure S1 shows the results of the CUPRAC (cupric reducing antioxidant capacity) of both
the MeOH extract and the EO of R. suaveolens. a-Tocopherol and BHT were used as positive
controls. As shown in (Figure S1), the activity of the MeOH extract of the R. suaveolens was
compatible with a-tocopherol at all concentrations. As expected the EO indicated a less
reducing activity.

2.4. Determination of MIC’s and antibiofilm activity

The MIC and antibiofilm activity results of the EO and methanol extract against six bac-
teria species and Candida albicans are given in Table S4. The oil inhibited the growth of
all micro-organisms between 10 and 80 ug/mL concentrations. EO at the MIC's inhibited
biofilm formations of all microorganisms tested in various percentages. The oil exhibited
the highest antimicrobial activity against S. epidermidis MU 30 at 20 pug/mL (MIC/1) and at
10 pg/mL (MIC/2) concentrations with 50.3% and 32.96%, respectively.
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According to the results, B. subtilis was found to be the most susceptible strain against
MeOH extract of R. suaveolens. The extract has low activity on the growth of M. luteus NRRL
B-4375 and S. epidermidis MU 30 which were only inhibited at high concentration (25 mg/
mL). In the presence of 25 mg/mL extract (MIC), the mean biofilm formation values were
equal to 58.34% for M. luteus NRRL B-4375 and 49.06% for S. epidermidis MU 30.

In the current investigation, the EO exhibited antimicrobial activity, particularly against
S. epidermidis MU 30, M. luteus NRRL B-4375 and B. subtilis ATCC 6633. Perillaldehyde, the
major compound of the oil is an antimicrobial agent. It demonstrated antimicrobial activity
against B. cereus, E. coli and S. aureus (Friedman et al. 2006). Concerning the antimicrobial
activity against B. subtilis, the oil supported the previous results. However, the oil that showed
a weak activity against against S. aureus. This may be due to its percentage (45.79%) in the oil
which did not reach to the extent necessary to inhibit the growth of those micro-organisms.

3. Conclusion

The anticholinesterase activity against both enzymes was performed for the first time in this
study. According to the results the EO indicated no activity. However, the methanol extract
exhibited good activity against BChE. Thus, the plant can be used as an anticholinesterase
agent, particularly against BChE. However, further studies are necessary to evaluate the origin
of the activity. Also, the methanolic extract and the oil proved to be effective antioxidants
and antimicrobials in different in vitro assays and can be suggested as a natural additive in
food and pharmaceutical industries. In the case of antioxidant activities, results obtained
from p-carotene/linoleic acid bleaching test were found to be stronger than those obtained
from DPPH and CUPRAC systems.

Supplementary material

Experimental details relating to this paper are available online, alongside Tables S1-S4 and Figure S1.
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Abstract

The essential oil obtained from the aerial parts of Marrubium deserti de Noé. (Lamiaceae), growing in the North
fringe of the Algerian Sahara, was analyzed by GC-MS. Thirty-eight compounds were identified, representing
99.70% of the total oils. The GC-MS analysis revealed the presence of tetracosane, germacrene D, 4-cadinene,
a-cadinol and t-cadinol as the main constituents, representing 31.11%, 7.91%, 6.52%, 6.26% and 5.81%,
respectively. Minimum inhibitory concentrations (MICs) of essential oil and methanol extract were calculated
by microtitre broth dilution method, and antibiofilm effects by microplate biofilm assay. The highest antibiofilm
activity was found to be 69.31% against Micrococcus luteus NRRL B-4375 at 25 mg/mL for methanol extract
and 36.62% against Candida albicans ATCC 10239 at 25 pL/mL concentration for essential oil. The antioxidant
activity was determined using three complementary tests namely: B-carotene-linoleic acid, DPPH free radical
scavenging, and CUPRAC assays. In -carotene-linoleic acid assay, both the oil and the extract exhibited good
lipid peroxidation inhibition activity, demonstrating 76.81 + 0.59 and 86.33 + 0.27% at 200 pg/mL
concentration, respectively. In DPPH and CUPRAC assays, however, the methanol extract exhibited high
antioxidant activity; however, the essential oil showed weak activity. The in vitro anticholinesterase activity,
was carried out against acetylcholinesterase and butyrylcholinesterase enzymes spectrophotometrically using
Elman method. Methanol extract showed weak acetylcholinesterase and butyrylcholinesterase inhibitory
activities, while the essential oil was inactive against both enzymes.

Keywords: Marrubium deserti, antibiofilm, anticholinesterase, antioxidant, essential oil.

1. Introduction

The genus Marrubium includes six species and one hybrid in Algeria: Marrubium vulgare L., M. spinum L., M.
peregrinum L., M. alysson L., M. alyssoides Pomel, M. willkommu Magn. (M. supinum X vulgare) and M.
deserti de Noé. [1], the latter is the subject of this study.

M. deserti is a small perennial shrub (20-30 cm high), very branched, with woolly leaves and stems. The flowers
are pale violet or pink. The calyx is bright green and evergreen around the fruit, which is a tetra-achene typical
of the Labiatae. The leaves are velvety and opposite, and are generally terminated by three large teeth of
variable form [1, 2]. The species is endemic of central and north Algerian Sahara. It grows on desert pastures
and flowers in spring (March-April) [1-3]. The plant grows in an arid and semi-arid climate, with an annual
rainfall of 100 mm It is usually found in non-saline wadis on gravelly-sandy soils [3, 4]. The plant is used by the
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local people in traditional medicine in Algeria. The leaves, stems and flowers are used against intestinal
disorders, respiratory diseases, fever, cough, dysmenorrhea, scorpion stings and Allergies [5, 6].

Recently, the flavonoids, phenyl ethanoid and diterpenoids have been isolated from Marrubium species which
some of them are considered as therapeutic (anti-tumor) and pharmacological [7-11]. In a recent study 6-
dehydroxy-19-acetyl-marrubenol, 19-acetyl-marrubenol, 6-acetyl-marrubenol and 16-epoxy-9-hydroxy-labda-
13(16), 14-diene, p-sitosterol, stigmasterol, S-sitosterol 3-O-glucoside, and phytol were isolated from M. deserti
[12]. In other study, marrulibacetal A, desertine, 15-epi-cyllenin A, marrubiin, marrulactone, marrulibacetal, -
stigmasterol, apigenin, apigenin-7-O-f-nechesperidoside, apigenin-7-O-glucoside, terniflorin and apigenin-7-O-
glucuronide, acteoside and forsythoside B were isolated and elucidated [13]. The chemical composition of
essential oil, however, gave six major compounds: germacrene D (45.7%), p-bourbonene (4.0%), a-terpinolene
(3.9%), 4-cadinene (3.8%), 1-octen-3-ol (3.7%) and a-copaene (3.5%) [14]. The antioxidant effect, antiviral,
antibacterial and antigenotoxic activities of aqueous extracts of M. deserti were also reported [13, 15-18].
However, to the best of our knowledge, there has been no scientific report on antibiofilm formation and
anticholinesterase activities of the extracts of M. deserti yet. Therefore, this paper presents the first study on the
antibiofilm formation and anticholinesterase activity of essential oil and methanol extract of M. deserti together
with the chemical composition of hydrodistillated oil of the aerial parts of M. deserti growing in EI-Oued -
Algeria.

2. Experimental methods

2.1. Plant material

The aerial parts (leaves, flowers and steams) of M. deserti were collected during the flowering period in April
2012 from Meguibra, EI-Oued, Algeria (34°14'0"N, 6°1'0"E) at -11 m altitude and taxonomic identification of
plant was confirmed by Dr. Youcef Halis. A voucher sample was deposited in the Laboratory of Biomolecules
and Plant Breeding, University of Larbi Ben Mhidi Oum EI Bouaghi, Algeria (M. deserti voucher number ZA
143).

2.2. Extraction of the essential oil

The essential oil of dried aerial parts (300g) of M. deserti was obtained via hydrodistillation by using a
Clevenger type apparatus for 4 h. The oil was dried over anhydrous sodium sulphate and stored under nitrogen
until required.

2.3. Gas chromatography analysis

GC analysis of the oil were performed using a Shimadzu GC-17 AAF, V3, 230V LV Series (Kyoto, Japan) gas
chromatography, equipped with a FID and a DB-1 fused silica column [30m x 0.25 mm (i.d.), film thickness
0.25 um]; the oven temperature was held at 60°C for 5 min, then programmed to 240°C at 4°C/min and held
isothermal for 10 min; injector and detector temperatures were 250°C and 270°C respectively; carrier gas was
He at a flow rate of 1.3 mL/min; Sample size, 1.0 pL; split ratio, 50:1. The percentage composition of the
essential oil was determined with a Class-GC 10 computer program.

2.4. Gas chromatography—mass spectrometry (GC-MS)

The analysis of the essential oil was performed using a Varian Saturn 2100 (Old York Rd., Ringoes, NJ, USA),
ion trap machine, equipped with a DB-1 MS fused silica non-polar capillary column [30 m x 0.25 mm (i.d.),
film thickness 0.25 um]. Carrier gas was helium at a flow rate of 1.4 mL/min. The oven temperature was held at
60°C for 5 min, then increased up to 240°C with 4°C/min increments and held at this temperature for 10 min.
Injector and transfer line temperatures were set at 250 and 180°C, respectively. lon trap temperature was 200°C.
The injection volume was 0.2 puL and split ratio was 1:30. EI-MS measurements were taken at 70 eVionisation
energy. Mass range was from m/z 28 to 650 amu. Scan time was 0.5 s with 0.1 s inter scan delays. Identification
of components of the essential oils was based on GC retention indices and computer matching with the Wiley,
NIST-2005 and TRLIB Library, as well as by comparison of the fragmentation patterns of the mass spectra with
those reported in the literature [19] and, whenever possible, by co-injection with authentic compounds.GC and
GC-MS spectra were performed at the Department of Chemistry, Faculty of Sciences, Mugla Sitki Kogman
University.
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2.5. Determination of minimum inhibitory concentrations and antibiofilm activity

2.5.1 Microorganisms and condition for cultivation

In the present study, the microorganisms used in the experiments were : Gram positive bacteria (Staphylococcus
aureus (ATCC 25923, ATCC 6538-P), Staphylococcus epidermidis MU 30, Bacillus subtilis ATCC 6633,
Bacillus cereus RSKK 863, Streptococcus mutans CNCTC 8/77 and Micrococcus luteus NRRL B-4375) and
yeast (Candida albicans ATCC 10239) were used as test microorganisms. The above-mentioned bacteria except
C. albicans were grown in nutrient broth (NB, Difco); C. albicans was grown in sabouraud dextrose broth
(SDB, Difco). C.albicans ATCC 10239 was incubated at 30 £ 0.1 °C for 24-48 h. Other bacterial strains were
incubated at 37 + 0.1 °C for 24 h.

2.5.2 Minimal inhibitory concentration (MIC) assay

MICs were determined by a microtitre broth dilution method as recommended by the Clinical and Laboratory
Standards Institute (CLSI) [20]. The MIC was defined as the lowest essential oil/extract concentration that
yielded no visible growth. The test medium was MHB (Mueller Hinton Broth) and the density of bacteria was
5x10° colony-forming units (CFU)/mL. Cell suspensions (100 pL) were inoculated in to the wells of 96-well
microplatesin the presence of essential oil with different final concentrations (6.25, 12.5, 25, 50, 80, 160
puL/mL) and in the presence of methanol extract with different final concentrations (1.56, 3.12, 6.25, 12.5, 25, 50
mg/mL). The inoculated microplates were incubated at 37°C for 24 h before being read.

2.5.3 Effect of essential oil and methanol extract on bacterial biofilm formation

The effect of M. deserti essential oil and extract at concentrations including 1, 1/2, 1/4, 1/8 and 1/16 MIC on
biofilm-forming ability of test microorganisms were tested with a microplate biofilm assay [21]. Briefly, 1% of
overnight cultures of isolates were added into 200 pL of fresh Tryptose-Soy Broth (TSB) supplemented with
0.25% glucose and cultivated in the presence and absence of M. deserti essential oil/extract without agitation for
48 h at 37 °C. The wells containing TSB+cells served as control. After incubation, the wells were washed with
water to remove planktonic bacteria. The remaining bacteria were subsequently stained with 0.1% crystal violet
solution for 10 min at room temperature. Wells were washed once again to remove the crystal violet solution.
200 pL of 33% glacial acetic acid poured in wells. After shaking and pipetting of wells, 125 pL of the solution
from each well transferred to a sterile tube and volume reached to 1 mL with distilled water. Finally optical
density (OD) of each well measured at wavelength of 550 nm (Thermo Scientific Multiskan FC, Vantaa,
Finland). Percentage of inhibition of the tested extracts was calculated using the formula:

oD — 0D
Biofilm inhibition (%) = ———ocnol~S0SAMPE 1

ODSSOControl

2.6. Anticholinesterase activity
The inhibition activity of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) were measured by
spectrophotometric method developed by Elman et al., in 1961, with slight modification[22, 23].

2.7. Antioxidant activity
2.7.1. Free radical-scavenging activity (DPPH assay)
The free radical scavenging activity was performed using slightly modified DPPH assay [23, 24].

2.7.2. -Carotene-linoleic acid assay
The slightly modified B-Carotene-linoleic acid test system was used to assay lipid-peroxidation inhibitory
activity [23, 25].

2.7.3. Cupric reducing antioxidant capacity (CUPRAC)
The slightly modified Apak’s method was used to determine the cupric reducing antioxidant capacity [23, 26].

2.8. Determination of total phenolic compounds

The content of phenolic compounds was determined using Folin—Ciocalteu reagent, and expressed as
microgramme of pyrocatechol equivalents [27]. The absorbance was read at 760 nm. The concentration of
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phenolic compounds was calculated according to the following equation that was obtained from the standard
pyrocatechol graph:

Absorbance = 0.006 ug pyrocatechol + 0.035 (r? = 0.978)

2.9. Determination of total flavonoid concentration

Total flavonoid content was determined according to the aluminum method. The results were expressed as
guercetin equivalents [28]. The concentration of flavonoid compounds was calculated according to following
equation that was obtained from the standard quercetin graph.

Absorbance = 0.051 ug quercetin + 0.001 (r? = 0.999)

2.10. Statistical analysis

The antioxidant and the anticholinesterase activity assays were in triplicate analyses. The data were recorded as
means + standard error meaning. Student’s t-test were used to determine the significant differences between
means; p< 0.05 were regarded as significant.

3. Results and discussion

3.1. Chemical composition

The essential oil having yellow color was obtained from aerial parts using hydrodistillation (0.15%, v/w) method.
Totally 38 components were identified representing 99.70% of the oil (Table 1). s-caryophyllene is omnipresent
in the essential oils of most Marrubium species, followed by germacrene D and bicyclogermacrene [14].
Whereas, the major compounds of essential oil of M. deserti were tetracosane (31.11%,), germacrene D (7.91%),
A-cadinene (6.51%), a-cadinol (6.26%), and t-cadinol (5.81%). bicyclogermacrene (2.84%) and S-caryophyllene
(1.32%) were also determined as a constituent of the essential oil (Table 1). The monoterpenoids represented
9.26% while sesquiterpenoids 16.45% of the total oil. The monoterpenes and sesquiterpenes were in the ratio of
4.32% and 33.85%, respectively.

3.2. Minimum inhibitory concentrations and antibiofilm activity

The antimicrobial activity of the essential oil and methanol extract against 6 bacteria and Candida albicans
ATCC 10239 was given in Table 2. The essential oil inhibited the growth of all microorganisms between 25 and
80 pL/mL concentrations. The MIC values of methanol extract were in the range of 3.25-25 mg/mL. According
to the results, B. subtilis ATCC 6633 was found as the most susceptible strain against methanol extract. The
extract has low activity on the growth of M. luteus NRRL B-4375, S. mutans CNCTC 8/77 and S. epidermidis
MU 30 that were only inhibited at high concentration (25 mg/mL). Essential oil at the MIC’s inhibited biofilm
formations of all microorganisms tested in various percentages. The essential oil exhibited the highest antibiofilm
activity against C. albicans ATCC 10239 at 25 pug/mL (MIC) concentration with 36.62%.

In the presence of 25 mg/mL extract (MIC), the mean biofilm formation values were equal to 69.31% for M.
luteus NRRL B-4375, 29.27% for S. mutans CNCTC 8/77 and 56.28% for S. epidermidis MU 30. The
antibiofilm activity of essential oil on tested strains was lower than that of methanol extract.

3.3. Anticholinesterase activity

The anticholinesterase activity of the essential oil and methanol extract against acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) enzymes was given in Table 3. Galantamine was used to compare the activity as a
standard drug. The methanol extract exhibited weak inhibitory activity against AChE and BChE enzymes. The
ICso values were calculated as 277.4 + 13.6, and 93.3 = 0.7ug/mL, respectively. On the other hand, the essential
oil was inactive against both AChE and BChE.

3.4. Total phenolic and total flavonoid contents and Antioxidant activity

Polyphenolic compounds have an important role in stabilizing lipid oxidation and are associated with antioxidant
activity. The phenolic compounds are also known as powerful chain breaking antioxidants [29]. It is suggested
that polyphenolic compounds have inhibitory effects on mutagenesis and carcinogenesis in humans, when up to
1.0 g daily is ingested from a diet rich in stems and vegetables [30]. The concentration of phenolics and
flavonoids in the extract were expressed as micrograms of pyrocatechol and micrograms of quercetin equivalents
per milligrams of the extract, respectively. The methanol extract had 58.17 = 0.03 pg pyrocatechol equivalents
and 5.2 + 0.03 pg quercetin equivalents.
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Table 1: Chemical composition (%) of the essential oil of M. deserti

N° RI? Compounds Composition (%)"
1 890 cyclofenchene 1.52 £ 0.001
2 932 a-thujene 0.52 £ 0.0001
3 936 a -pinene 2.15+0.0012
4 978 [S-pinene 0.82 + 0.0001
5 1025 | D-limonene 1.05+0.0011
6 1123 | camphor 1.94 +0.0013
7 1131 | citronellal 0.88 + 0.0001
8 1149 n-nonanol 1.06 £ 0.0014
9 1164 | terpinen-4-ol 0.62 + 0.0001
10 1172 | myrtenal 0.72 £0.0001
11 1176 | a-terpineol 0.66 + 0.0001
12 1178 | myrtenol 0.28 + 0.00001
13 1241 | p-cumic aldehyde (Cuminal) 0.27 £ 0.00001
14 1243 | carvone 1.54 £ 0.0014
15 1271 | perillaldehyde 1.70 £ 0.002
16 1290 | thymol 1.15 £ 0.0013
17 1351 | a-cubebene 0.74 + 0.0001
18 1388 | p-bourbonene 0.56 + 0.0001
19 1390 | p-elemene 3.84 £ 0.002
20 1408 | p-caryophyllene 1.32 +0.0009
21 1460 | alloaromadendrene 2.54 £ 0.0014
22 1477 | y-gurjunene 0.84 + 0.0003
23 1481 | germacrene D 7.91 + 0.0023
24 1486 | eremophilene 1.44 +0.0003
25 1494 | bicyclogermacrene 2.84 + 0.003
26 1500 | a-muurolene 0.69 + 0.0001
27 1513 | y-cadinene 1.95 + 0.0003
28 1523 | 4-cadinene 6.51 £ 0.003
29 1545 | a-calacorene 0.49 + 0.0001
30 1553 | E-nerolidol 0.86 + 0.0001
31 1572 | spathulenol 0.96 £ 0.0001
32 1578 | caryophyllene oxide 0.90 + 0.0001
33 1633 | t-cadinol 5.81 £ 0.003
34 1635 | a-muurolol 1.07 £ 0.0001
35 1643 | a-cadinol 6.26 + 0.003
36 1648 | allo-himachalol 2.43 +0.0003
37 1653 | 7-epi-a-Eudesmol 1.57 £ 0.0001
38 2400 | tetracosane 31.11 + 0.001
39 2406 | unidentified 0.11 + 0.0001
40 2418 | unidentified 0.13 + 0.0001
41 2422 | unidentified 0.05 + 0.0000

Total identified: 99.70
Monoterpenes: 4,32
Monoterpenoids: 9,26
Sesquiterpenes: 33.85
Sesquiterpenoids: 16,45
Others: 35.84

8K ovats index on DB-1 fused silica column.

bThe percentage concentrations of the compounds are the means of three parallel measurements + S.E.M. by GC (p<0.05).

997



J. Mater. Environ. Sci. 7 (3) (2016) 993-1000

ISSN : 2028-2508
CODEN: JMESCN

Table 2: MIC and antibiofilm activity results of the essential oil and methanol extract of M. deserti

Chemsa et al.

Essential oil Methanol extract
Planktonic % inhibition on biofilm formation Planktonic % inhibition on biofilm formation
. . MIC MIC

Microorganisms (uL/mL) | MIC/L| MIC/2| MIC/4| MIC/8| MIC/16| (mgimL) | MIC/L| MIC/2 | MIC/4| MIC/8| MIC/16
Staphylococcus aureus ATCC 25923 50 19.21 - - - - 6.25 28.90| 11.65 - - -
Staphylococcus aureus ATCC 6538P 80 4.96 - - - - 125 27.25| 7.37 - - -
Staphylococcus epidermidis MU 30 25 29.81| 20.33 - - - 25 56.28| 28.51 | 10.78| 5.31 -
Bacillus subtilisSATCC 6633 50 27.98| 11.25 - - - 3.25 7.57 - - - -
Bacillus cereus RSKK 863 25 26.66 | 18.25| 4.62 - - 12.5 49.66| 25.68 | 10.85 - -
Micrococcusluteus NRRL B-4375 25 23.75| 10.70 - - - 25 69.31| 45.46 | 27.45| 3.32 -
Streptococcus mutans CNCTC 8/77 25 20.36 - - - - 25 29.27| 10.88 - - -
Candida albicans ATCC 10239 25 36.62| 17.69 - - - 12.5 34.32| 18.47 | 551 - -

- no inhibition

Table 3: Acetylcholinesterase and butyrylcholinesterase inhibitory activities of the essential oil and methanol extract of M. deserti®

NA: not active

AChE assay BChE assay
Samples Inhibition (%) Inhibition (%)
Essential oil NA NA NA NA
MeOH Extract 354+19 277.4+13.6 53.2+0.1 93.3£0.7
Galantamine” 81.4+1.0 5.011 + 0.09 755+1.1 53.9%0.6

#1Cx values represent the means + S.E.M. of three parallel measurements (p< 0.05).

® Standard drug.
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In lipid peroxidation inhibition assay, the essential oil exhibited high inhibition (ICsy = 35.9 + 9.3 pg/mL)
against lipid peroxidation, while in DPPH assay, the essential oil demonstrated weak DPPH free readical
scavenging activity. As seen it the essential oil composition, there are no phenolic compounds (only thymol) to
scavenge the DPPH radicals (Table 4). However, the compounds particularly the bicyclic compounds as well as
the conjugated mono and sesquiterpenoids are responsible for the lipid peroxidation activity. These compounds
can scavenge the singlet oxygen. Therefore, they protect the [3-carotene color against bleaching, indirectly. The
methanol extract showed highest antioxidant activity both in DPPH assay and in Lipid peroxidation inhibition
assay. These results are supported the previously studies, where the polar extracts showed higher antioxidant
activity than unpolar extracts [17].

Table 4: Antioxidant activity (%) of the essential oil and methanol extract of M. deserti by the DPPH and B-
carotene/linoleic acid assays®

DPPH Assay B-carotene/linoleic acid assay
25 50 100 200 25 50 100 200
pg/mL pg/mL pg/mL pg/mL pg/mL pg/mL pg/mL pg/mL
Essential oil - 1.34+0.54 | 3.05+0.58 | 5.47+0.52 | 62.29+4.00 | 72.96+1.37 | 75.09+0.08 | 76.81+0.59
MeOH Extract | 72.02+0.15 | 76.77£0.17 | 77.74+0.26 | 78.35+0.10 | 77.62+0.90 | 81.90+0.45 | 85.97+0.11 | 86.33+0.27
BHT® 40.43+0.05 | 53.18+0.51 | 73.91+0.11 | 95.1+8,44 | 93.65+0.06 | 95.08+0.02 | 97.83+0,08 | 99.36+0,09
a-tocopherol | 91.16+0.17 | 92.03+0.55 | 93.77+0,07 | 97.25+0,06 | 92.89+0.27 | 93.32+0.33 | 94.22+0,28 | 96.02+0,30

% Values expressed are means = SEM of three parallel measurements (p < 0.05).
® BHT: Butylatedhydroxytoluene.

The CUPRAC assay utilized copper(I1)-neocuproine (CU(I1)-Nc) reagent as the chromogenic oxidizing agent. It
is based on the measurement of absorbance at 450 nm by the formation of stable complex between neocuproine
and copper (I). As shown in (Figure 1). The methanol extract and a-tocopherol had similar activities. Only at
800 pug/mL concentration, the methanol extract (3.81 + 0.00) exhibited higher reducing power activity than a-
tocopherol (2.9 + 0.00) and close activity to that of BHA (3.8 £ 0.00) ) at 800 pg/mL. However, the activity of
essential oil was lesser than the positive controls.
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Figure 1: Cupric reducing antioxidant capacity of the methanol extract and essential oil of M. deserti
Values are means = S.E.M., n = 3, p < 0.05, significantly different by Student’s t-test.

Conclusion

This study deals with the chemical composition of essential oil of M. deserti and its biological activities with its
methanol extract. Some link could be observed between antioxidant, antibiofilm formation and
anticholinesterase activities of methanol extract and essential oil, maybe due the total phenolic and flavonoids
contents. The methanolic extract and the oil were found to be effective antioxidants and antimicrobials in
different in vitro assays and can be suggested as a natural additive in food and pharmaceutical industries.
Results obtained from methanol extract were found to be stronger than those obtained from essential oil.
However, further studies are necessary to evaluate the origin of the activity.
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