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Preface

This thesis has been written to meet the requirements for obtaining a PhD diploma from the
University of Bejaia. It is structured in two parts:

Part 1 : Biological activities of two medicinal plants ( Rhamnus alaternus and Phillyera
angustifolia).

Part 11: Synthesis of nanostructured alumina using two methods (sol-gel and green synthesis)
and their applications in farming.

The research work within the framework of this thesis led to the publication of paper in an
international renowned journal : Journal stored products Research. Moreover, | presented 9

communications in national and international conferences.

- 01 publication:

Chiraz Belhamel, Lila Boulekbache-Makhlouf, Stefano Bedini, Camilla Tani, Tiziana
Lombardi, Paolo Giannotti, Khodir Madani, Kamel Belhamel, Barbara Conti, Nanostructured
alumina as seed protectant against insect pests. Journal stored products research, 87, 2020,
101607.
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esculentum Mill » entre la micro-onde et 1’étuve, organisé a Chemini wilaya de Bejaia-
Algérie- 15 et 16 décembre 2018.
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I’agriculture de montagne avec une communication affichée intitulée « La culture Hors sol : pour
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Bejaia- Algérie- 15 et 16 décembre 2018.

3. Chiraz Belhamel , Lila Boulekbeche-Makhlouf, Hayatte Haddadi-Ghemghar , 1’orge

hydroponique : un potentiel en antioxydants , Congrés International : les Rencontres de

I’ Agriculture et de la Biologie, Université de Constantine - Algeria, 5-7 Mai 2018

4. Chiraz Belhamel, Dahia Meridja, kamel Belhamel, Evaluation de l'activité Antioxydante et

pharmacologique des extraits des feuilles d'Urtica dioca et Urtica pililufera, Séminaire

International sur les plantes Médicinales Université d' el Ouad-Algérie 17-18 janvier 2018
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. Chiraz Belhamel, Lila Boulekbeche-Makhlouf, Hayatte Haddadi-Ghemghar, Sara
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interfaces du développement durable avec poster affichée intitulée Optimisation de deux
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Introduction

l. Introduction

The plants continue to be an important source of compounds for human health. This is
mainly due to the fact they are a source of a huge variety of potential medicines, while being
accessible to many people. Pharmacognosy and phytochemistry are the study of the physical,
chemical, biochemical, and biological properties of drugs as well as the search for new
drugs from natural sources (Silva et al., 2007; Tiwari et al., 2020, Martinez-Cruz and Paredes-
Lopez, 2014, Nagy et al., 2011). In Algeria, the population resorts to traditional medicine,
using the plants medicinal products, of which there are an estimation of 3,000 species, 15% of
those plants are endemic (Amadeo et al., 2020; Benkiki, 2006).

Our research is focused on the study of two medicinal plants growing wild in Algeria. the
choice is carried on Rhamnus alaternus and Phillyrea angustifolia due to their use in
traditional medicine and lack of information of these two species. This study is constantly

evolving and being refined with the improvement of the instruments of investigation.

Phillyrea angustifolia belongs to Oleaceae family count about 600 species divided into 24
genres, growing mainly in Mediterranean regions, South Europe, North Africa, West Asia
(Fernandez et al., 2006). In Algeria, infusions prepared from the leaves and berry of P.
angustifolia were used for their astringent and antiseptic properties, commonly used also as a
poultice on injuries and sores(Hamel et al., 2018b). Concerning the chemical composition of
P. angustifolia, few studies (Mebirouk-Boudechiche et al., 2015a; Romani et al., 1996a) have
been done. This plant is characterized by the presence of large amounts of phenolic
compounds(Romani et al., 1996b). Leaves are rich in flavonoids and oleuropein derivatives,
carbohydrates, tannins(Gaji¢ et al., 2020). Indeed(Lanza et al., 2001a) reported eight lignans
derivatives (lignan epoxide, pinoresinol, pinoresinol-4-O-b-D-glucopyranoside, pinoresinol
monomethyl ether-4-O-b-Dglucopyranoside, lariciresinol, lariciresinol-4-O-b-D-
glucopyranoside, lariciresinol-40-O-b-D-glucopyranoside, syringaresinol
monoglucopyranoside) in the Aerial parts of P. angustifolia.Diaz et al. (2000) have reported

the presence of iridoids.

Rhamnus alaternus belong to Rhamnacae family contains about 50 genus and 900 species
that are native of the Mediterranean basin (in north Africa and Europe). Rhamnus species are
known to be used in traditional medicine for the treatment of various diseases, besides, they

have significant pharmacologic activities(Ammar et al., 2005a). The various phytochemical
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studies carried out on species of the Rhamnaceae family have shown the presence of various
quantities of anthraquinones, coumarins, tannins and in particular flavonoids(Ammar et al.,
2008). Considering the interest of these plants that have been reported as good sources of
bioactive compounds with promising health benefits including antioxidant, anti-inflammatory,
antibacterial, antidiabetic and anti-hepato protectors (Ammar et al., 2008; Benchiha et al.,
2015; Dommee, 1992; Hamel et al., 2018a; Janakat and Al-Merie, 2002).

In general, the obtaining of these compounds often requires numerous and time-consuming
and costly steps such as extraction, isolation and identification (Dahmoune et al., 2013,
(Bezerra et al., 2008) and often involves thermal degradation of the various bioactive
constituents (Pordevi¢ and Antov, 2017). As there are a few research works were conducted
on these species, It is interesting to study their phyto-composition and antioxidant activities.
For this purpose, we are interested in the extraction processes of bioactive compounds from
plants growing wild in Algeria using response surface methodology (RSM) and the study of
the different interactions between the experimental factors and responses obtained in order to

optimize the extraction conditions and reducing the number of experiments.

In the first part of this thesis, we were interested in the optimization of the extraction effect
on antioxydants capacity, phenolic content and DPPH radical scavenging assay, using the
BOX-BENKEN plan with three levels. This design was used to evaluate the most significant
parameters on extraction, and to find the optimal extraction conditions. In order to obtain the
best conditions for the extraction of total polyphenols and antioxidant activity, three
independent variables were chosen as relevant: ratio, green solvents percentage and extraction
time. In addition, the metabolite profiling of the optimum extracts was studied for the first
time for P. angustifolia by LC/MS. Given the lack of information, the present study
constitutes attempt to elucidate the phenolic composition as well as test In vitro of antioxidant
activities, activity anti diabetic, antimicrobial activities, anti-inflammatory and Cyto-toxicity

assay using the optimal extract for Phillyrea. angustifolia and Rhamnus alaternus.

In the second part of this thesis, we were interested in the synthesis of nanoparticles and

their applications in the biological field.

Nanotechnologies are based on the ability to manipulate material at the same time on the
smallest possible scale, i.e. 10° m. The use of nanoparticles on a global scale is considerable

and continues to grow, particularly in the field of the medical, environmental and industrial.

-
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The use of nanoparticles makes it possible to create new classes of materials in the
innovative properties. A great deal of work has been published on this subject over the last
decade and nanoparticles are still attracting a great deal of interest in the economic, industrial

medical and an alternative to improve the effectiveness of treatments in agriculture.

Crop protection represents a major challenge for the quality of the agricultural production
and requires the use of pesticides, which is essential to reduce the number of crop pests, plant
diseases, and the number of proliferation of weeds. Every year, crop pests and plant diseases
destroy up to 40% of the world's harvests and these losses could be greater without the use of
pesticides (Huang et al., 2018). However, the unreasonable use of pesticides has increased the

capacity of insects to develop resistance mechanisms against insecticides.

The main objectives of the second part of this thesis was the synthesis of alumina
nanostructured which could constitute an alternative effective in improving the efficiency of
treatments in agriculture as an insecticide and anti-fungal against crop pest, also to estimate
the toxicity of this material. We have studied the possibility of syntheses alumina
nanoparticles using extracts from the leaves of Rhamnus alaternus, and characterisation of

these nanoparticles by X-ray diffraction (XRD) and Scanning Electron Microscopy (SEM).

-
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Approximately 35,000 plant species are used worldwide for medicinal purposes, forming
the largest range of biodiversity used by humans (Grenez, 2019). In Algeria, the Flora is
characterized by theirs diversity : Mediterranean flora, Saharan flora and a Paleo Tropical
flora belonging to several botanical families (Amirouche and Misset, 2009). From 3,000
species growing wild in Algeria, 15% of those plants are endemic (Amadeo et al., 2020;
Benkiki, 2006).

The extractions of high added value active ingredients from plant material, especially the
case of secondary metabolites, which are currently attracting a lot of interest due to their
antioxidant power, is a very important step in the isolation as well as in the identification of
bioactive compounds such as antioxidants, vitamins and minerals, are produced by different
plant species. Their antioxidant properties and possible uses in different industries have been
studied over the last few years. Different extraction methods for natural substances are
known, such as maceration, solvent extraction, ultrasound-assisted extraction, microwave-

assisted extraction and supercritical fluid extraction (SFE) (Bezerra et al., 2020).

I.1. Presentation of the medicinal plants studied

I.1.1. Rhamnus alaternus

1.1.1.1 Botanical description

Rhamnacées are a cosmopolitan family, shrubs and herbaceous plants with shiny, ovoid or
lanceolate, alternate, smooth, petiolate leaves (3 to 6 cm long by 2 to 3 cm wide), with
cartilaginous and toothed edges. The leaves remain on the tree for about two years. They are
tough, thick midrib, trinulate at the base; linear stipules, deciduous, axillary clusters longer
than the petiole. The stem is erect and stalked, and the twigs are alternate, not spiny. It is a
multifloral species, with dioecious greenish flowers, arranged in dense, tetra-pentameral, zero
petals, and very small clusters. The seedless fruit is a drupe with 2 or 3 external furrows, red
then black, with 4 stones. It is found almost everywhere, in brush and hedges containing about
50 genera and 900 species. In Algeria, 9 plant species belonging to 3 genera have been
recorded in various regions and classified according to their morphological characteristics
(Fromont, 1997; Hauenschild et al., 2016).

1.1.1.2 Nomenclatures

-
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The name Rhamnus is a Greek word Rhamnos, the ancient Latin name of the plant is
alaternus. Several names are attributed.

Arabe : M’lila, Oud el khir ou bien Safir

Kabyle : Mélilés.

French: Nerprun.

English :Boucktrun.

Latin : Rhamnus alaternus.

1.1.1.3 Botanical classification

The botanical classification of Rhamnus alaternus is given as follows:
Reign: Plantae-vegetal

Class: Magnoliopsida-dicotyledones

Subclass: Rhosidae

Super order: Rhamnanae

Order: Rhamnales

Family: Rhamnaceae

Genre: Rhamnus

Species: Rhamnus alaternus

1.1.1.4. Therapeutic properties and uses

Rhamnus alaternus is used in traditional medicine as a laxative, purgative, diuretic,
antihypertensive, depurative, hypotensive and for the treatment of diabetes, The decoction of
the aerial parts of R. alaternus as the bark is used in the treatment of dermatological and
hepatic ailments(Ammar et al., 2005b; Ammar et al., 2008).

The stems and leaves of R. alaternus are used in Algeria against jaundice and liver disorders.
In Morocco, R. alaternus is used in decoction to treat various liver infections.

The fruits of R. alaternus contain an active ingredient

1.1.1.5. Chemical compositions of the Rhamnaceae

The various phytochemical studies carried out on species of the Rhamnaceae family have
shown the presence of varied quantities of anthraquinones, coumarins, tannins and in
particular flavonoids (Ammar et al., 2008).

Three tri-glycosidic flavonoids were isolated from the leaves of R. alaternus, Kaempferol 3-

O-B-isorhamninoside, rhamnocitrin  3-O-f -isorhamninoside and rhamnetin-3- O-f-

-
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isorhamninoside, on the other hand, three aglyconic flavonoids were identified: apigenin,
kaempferol and quercetin.(Ammar et al., 2009).

Ben Ammar et al. (2019) report in their studies the isolation of three new anthraquinone
glycosides isolated from extracts of leaves and roots of R. alaternus, namely alaternosides A-
C (1,4,6,8 tetrahydroxy-3-methyl anthraguinonel-O-3-D-glucopyranosyl-4,6-di-O-a-L-
rhamnopyranoside; 1,2,6,8 3-tetrahydroxy-3-methyl anthraquinone 8-O-R-D-glucopyranoside
and 1,6 dihydroxy-3-methyl-6 [2'-Me (heptoxy)] anthraquinone were isolated and elucidated
together with the two anthraquinone glycosides, Physcion-8-O-rutinoside and emodin6-O-a-
L-rhamnoside as well as with the known kaempferol7-methyl ether, B-sitosterol and p-

sitosterol-3-O-glycoside.

1.1.1.6. Main biological properties of secondary metabolites

Phenolic compounds class presents a large set of substances with quite variable structural
elements. These important structural differences are responsible for the diverse biological
properties, the following activities are cited,;

+ The anti-inflammatory activities of the isolated flavonoids, quercetin 3-O-methyl ether,
kaempferol, and quercetin , from Rhamnus nakaharai, and anthraquinone, frangulin B,
from Rhamnus formosana, inhibit the enzymes involved in the inflammatory process
(the chemical mediators released by mast cells, neutrophils, macrophages and
microglial cells), quercetin 3-O-methyl ether inhibits the release of b-glucuronidase
and lysozyme from neutrophils, also inhibits the formation of superoxide anions in
fMLP/CB or neutrophils and thus has a strong inhibitory effect on the formation of
tumor necrosis factor A( TNF-a) in lipopolysaccharides (LPS).(Wei et al., 2001) .

+ Kaempferol 3-O-B-isorhamninoside (K3O0-ir) and rhamnocitrin 3-O-B-isorhamninoside
(R30-ir), isolated from R. alaternus have genotoxic and antigenotoxic properties
exhibited one against H,O,-induced DNA damage in human TK6 lymphoblastoid cells
and its derivative, the deficient cell line p53 NHz(Ammar et al., 2007). These two
flavonoids, also studied for their antioxidant capacities, using different antioxidant
tests, such as: Cuprac, Frap and Reduction revealed an important activity due to their
capacity to transfer electrons (Ammar et al., 2007).

+ Phenolic compounds are formidable antioxidant agents, this activity translates In-vivo
by inhibiting the formation of peroxide derivatives responsible for oxidative stress
explains their beneficial effects as hepato-protectors (Abdelkrim et al., 2015; Ammar et
al., 2007; Benchiha et al., 2015) .
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+ Total oligomeric flavonoids of R. alaternus induce apoptotic death of human cell line
K56 (myelogenous leukemia). Thus the reduction of oxidative stress and protection of
lipid peroxidation (Ammar et al., 2011).

+ Anthraquinone is considered a source of natural antioxidants and has the potential for
anti-acetylcholinesterase activity (Benamar et al., 2019b).

+ The remarkable cytotoxicity of kaempferol and rhamnocitrin glycoside derivatives
(Boussahel et al., 2015; Chen et al., 2016).

+ Recent studies have shown that the anticancer effects of Rhamnus frangula extract has
apoptotic effect on breast cancer cells, this activity is due to the richness of the plant in
antraquinones mainly aloe-emodine (1,8-dihydroxy-3-hydroxyl-methylanthraquinone;
AE) and emodine (1,3,8-trihydroxy-6-methylanthraquinone; EM). (Vahid Shahanil,
2019).

+ Anthraquinones also have bacterial activity against some bacteria in the Gram+ and
Gram- group (Kosalec et al., 2013b).

+ The extract of Rhamnus alaternus has enzymatic inhibitory properties such as o-
glucosidase, tyrosinase, acetylcholinesterase (AChE), and butyrylcholinesterase
(BChE). On the basis of correlation coefficients calculated separately for all pairs of
experimental parameters, tyrosols are highly correlated with BChE activity(Rocchetti
etal., 2019).

1.1.2. Phillyrea angustifolia L.

The genus Phillyrea from Oleaceae family includes two species: Phillyrea angustifolia and
Phillyrea latifolia L.(Gucci et al., 1997; Lucchesini and Mensuali-Sodi, 2004) Before twenty
years, this genus was cited very rarely in ethnobotanical literature(Pieroni et al., 2000b) It is
used in the historical medicine of the Mediterranean region for its oropharyngeal anti-
inflammatory effect its fruits were probably in the past harvested and eaten as wild
olives(Pieroni et al., 2000D).

P. angustifolia L. is a wind-pollinated shrub and one of the handful of species reported to be
androecium. It is a native Mediterranean species, which has recently been considered to be

suitable for landscaping purposes(DellaGreca et al., 2011).

1.1.2.1. Botanical description
P. angustifolia is an evergreen shrub that can reach 4m high. It is a dense, branched bush

form containing many buds. Leaves are linear-lanceolate or lanceolate-sharp, opposite,
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leathery, with 4-6 pairs of veins. Males have a greater number of twigs and have better
vegetative growth and longer life span than hermaphrodites.

Flowers are yellowish-white or greenish-white in color, close together in small clusters that
are placed in the leaf axils, blooming in April and May. The fruit of P. angusrifolia is fleshy,
glaucous, blackish, with a small point at the top, with pea-sized stones, ripening in August and
September(ASSILIADIS, 1999).

1.1.2.2. Botanical classification

The botanical classification of Phillyrea angustifolia is given as follows:

Kingdom: Plantae

Under the reign of: Tracheobionta

Superdivision: Semaphores

Division: Magnoliophyta

Class: Magnoliopsida

Subclass: Asteridae

Order: Scrophularian

Family: Oleaceae

Genre: Phillyrea

Species : Phillyrea angustifolia (Dommeée, 1992).

1.1.2.3 Therapeutic properties and uses

P. angustifolia is used in traditional medicine against intermittent fevers. The flowers are used
to make poultices recommended against headaches. The leaves were used as emmenagogue
and in gargle. Moreover, the leaves and fruit of this plant were recommended as a febrifuge
against intermittent fevers. Thus they were used for their astringent and antiseptic

properties(Hamel et al., 2018a).

1.1.2.4. Chemical compositions from Phillyrea

The leaves of P. angustifolia are rich in flavonoids and oleuropein derivatives. The soluble
carbohydrate composition of phillyrea leaves does not differ significantly from that of Olea
europaea L. leaves, except for a higher mannitol/glucose ratio(Romani et al., 1996a). Among
the isolated flavonoid structures, apigenin-7-O-glucoside, apigenin-7-O-rutinoside, luteolin-
4%-0-glucoside, luteolin-7-O-glucoside and  ligustroflavone  showed remarkable

activity(Pieroni et al., 2000a).




Fist Part: Literature review

A study carried out by DellaGreca et al. (2011) on lignans isolated from the whole plant of P.
angustifolia L. were able to identify a new lignan epoxide and seven known lignans:
pinoresinol, pinoresinol-O-b-D-glucopyranoside, pinoresinol monomethyl ether-O-b-D-
glucopyranoside, lariciresinol, lariciresinol-4-Ob-D-glucopyranoside, lariciresinol-40-O-b-D-
glucopyranoside, and syringaresinol monoglucopyranoside.

The leaves of Phillyrea latifolia present mainly the oleuropein compound and minor
compounds: ligustroside, secologanoside, secoxyloganin, 8-epikingisic acid (Damtoft et al.,
1993).

The leaves of P. angustifolia analyzed by phytochemical tests revealing the presence of

hydrolyzable tannins as well as saponis (Mebirouk-Boudechiche et al., 2015a).

1.1.2.5 Main biological properties of secondary metabolites

The leaves of Phillyrea latifolia L. (Oleaceae) were tested for their anti-inflammatory
activities In vitro. Three phenylpropanoid glycosides (salidroside, syringin and coniferin) and
one lignan (phillyrine) were isolated from the leaves. These compounds are capable of
exerting inhibitory actions on the enzymes of the arachidonate cascade (Lanza et al., 2001b).

+ Tannin-rich extracts of P. latifolia have anthelmintic activity that inhibits the
exudation of gastrointestinal nematode larvae (Azaizeh et al., 2013).

+« Phillyrea leaves used for weight loss by modifying certain biochemical parameters.
The bioactive molecules luteolin 7-O-glucoside and chlorogenic acid, Luteolin and the
7-O-glucoside compound isolated may have a role in fat metabolism.(Yazici-Tutunis
etal., 2016).

+ Phillyrea extracts have antioxidant, superoxide dismutase (SOD) and peroxidase
(POX) activity(Caravaca et al., 2005).

+ Recent studies have shown the hepatoprotective effect of phillyrea extract would be
effective in the treatment of jaundice, however both bilirubin level and alkaline
phosphatase (ALP) activity were reduced when treated with aqueous extract of
Phillyrea latifolia without reducing the activity of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) (Janakat and Al-Merie, 2002).

I.2. Natural antioxidants
1.2.1. Definition
An antioxidant is a molecule that can inhibit or even delay the phenomenon of oxidation,

hence the term "oxidizable substrate™ includes any type of molecule In vivo, the presence of
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an antioxidant at a very low concentration in the medium compared to those of an oxidizable
substrate that does not significantly delay or prevent the oxidation of the substrate (Halliwell,
1995).

Among the most important mechanisms in which antioxidants intervene is the interruption of
oxidation reactions and by definition oxidation is part of a redox reaction that transfers
electrons from a substance to an oxidizing agent. This reaction can produce free radicals that
leads to destructive chain reactions. Antioxidants are able to stop these chain reactions by
oxidizing with the free radicals and thereby inhibiting their action. These properties can be
found in the thiol and phenol families(Cornelli, 2009).

Although oxidation reactions are necessary for life, they can also be destructive: plants and
animals use and produce many antioxidants to protect themselves, such as glutathione,
vitamin C and vitamin E, or enzymes such as catalase, superoxide dismutase and certain
peroxidases. A deficiency or lack of production of antioxidant enzymes leads to oxidative

stress that can damage or destroy cells (huang et al., 2005).

1.2.2. The different types of antioxidants

Cellular antioxidants build a sophisticated defense system against radical aggression. They are
characterized by a mechanism of action which can be direct as in the case of enzymatic and
non-enzymatic antioxidants or indirect as part of the structure of enzymes and/or cofactors of
antioxidant enzymes. (halliwell, 1990).

In this work, we are interested in exogenous non-enzymatic antioxidants and more

specifically in polyphenols.

1.2.3 polyphenols

Numerous epidemiological studies and In vivo experiments carried out on animals reveal that
the polyphenols present in certain fruits and vegetables have antioxidant properties and exert
anti-inflammatory, anticarcinogenic, antibacterial, anti-mutagenic, antiviral, anti-tumoral
effects and can also protect against degenerative diseases, their biological activities are
attributed to chemical structures.(Ali Asgar, 2012). The polyphenol studied in our work
comes from medicinal plants.

Polyphenols are also called phenolic compounds, they are secondary metabolites of plants,
containing one or more hydroxyl groups, modified or not, attached to an aromatic structure,
the association of aromatic rings and hydroxyl functions (OH) gives them a particular

reactivity, due to the presence of conjugated double bonds (Balasundram et al., 2006). This

.
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structure favours departures and captures of hydrogen atoms giving these molecules
antioxidant properties (Vermerris and Nicholson, 2007). Phenolic compounds are derived

from the pentose phosphate, or shikimate, or phenylpropanoid pathway.

1.2.3.1 Classification of phenolic compounds

Phenolic compounds can be grouped into numerous classes which differ firstly by the
complexity of the basic skeleton (ranging from a simple C6 to highly polymerised forms),
secondly by the degree of modification of this skeleton (degree of oxidation, hydroxylation,
methylation, etc.), and finally by the possible links of these basic molecules with other
molecules (carbohydrates, lipids, proteins, other secondary metabolites which may or may not

be phenolic compounds, etc.) (Vermerris and Nicholson, 2008).

1.2.3.2. Simple phenol compounds

The simplest phenolic forms have chemical structures ranging from simple Cg phenol to Cis
flavonoids. (Macheix et al., 2005).

a) Acids phenolic

They consist of two groups, hydroxybenzoic acids and hydroxycinnamic acids. (Macheix et
al., 2005).

+ Hydroxybenzoic acids

Hydroxybenzoic acids (p-hydroxybenzoic, protocatechic, vanillic, gallic, syringic, salicylic,
gentisic...) are derived from benzoic acid and have a basic formula of C6-C1 type. They
frequently exist in the form of esters or glucosides and can also be integrated into complex
structures such as certain tannins (Macheix et al., 2005).

* Hydroxycinnamic acids

Hydroxycinnamic acids are a very important class with the structure base (C6-C3) derived
from that of cinnamic acid. The basic molecules of the hydroxycinnamic acids are p-coumaric
acid (and its isomers, o- and mcoumaric acids), caffeic acid, ferulic acid and its 5-hydroxy
derivative and finally sinapic acid. The whole is often reported under the common vocabulary
of phenylpropanoids. (Macheix et al., 2005).

b) Flavonoides

Flavonoids are phenolic pigments that are responsible for most of the colouring of flowers
and fruits. They are defined by the nature of their carbon skeleton which comprises 15 carbon
atoms distributed according to the C6-C3-C6 sequence common to all flavonoids and in

which two benzene rings A and B are connected by an element with 3 carbon atoms. The
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attachment of the ring B and the substitution on either of the 3 carbon atoms of the
intermediate chain(Ribéreau-Gayon, 1968).

Balasundram et al. (2006) report that the major classes of flavonoids are flavonols, flavones,
flavanones, flavanols (or catechins), isoflavones and anthocyanidins. This classification takes

into account the number and position of oxidation in the central nucleus.

1.2.3.3. Complex phenolic compounds

1.2.3.3. 1. Tannins

Tannins are phenolic compounds capable of precipitating alkaloids, gelatin and other proteins,
and are present in plant tissues in the form of polymers. They are responsible for the
astringency of many fruits and vegetables and products derived from them (wine, tea, beer...).
According to their chemical reactivity and composition, tannins are subdivided into two
groups: hydrolysable tannins and condensed tannins (Haslam, 1989; Macheix et al., 2005).

a) Tannins hydrolysables

They are derived from the binding of a carbohydrate moiety and a phenolic moiety (gallic
acid or ellagic acid) and formation of an ester-like bond. These compounds can be found in all
plant organs: roots, stems, leaves, fruit before maturity, they can be degraded by chemical or
enzymatic hydrolysis(Guignard, 2000).

b) Condensed tannins (proanthocyanidins)

Condensed tannins are oligomers or polymers of flavan-3-ols derived from (+)-catechin or its
numerous isomers. Unlike hydrolysable tannins, they are resistant to hydrolysis and can only
be degraded by strong chemical attacks. Thus, by hot acid treatment, they are transformed into
red pigments (Haslam, 1989).

1.2.3.3. 2. Lignines

These high-molecular weight compounds contribute to the formation, together with cellulose
and hemicellulosic derivatives, the lining of plant cells. They're polymers resulting from the

condensation (copolymerisation) of three alcohols phenylpropenes

1.3. Chemical properties of polyphenols

The chemical properties of polyphenols are essentially related to those of the Phenolic nuclei,
especially substituents with a mesomeric electron-withdrawing effect (-M) and substituents
with a mesomeric donor effect (+M). The conjugation of one of the two pairs free from the
oxygen atom with the ring reflects the (+M) effect of the OH group. This phenomenon
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increases electronic delocalization and produces a partial negative charge on the atoms C2,
C4, C6(Nkhili, 2009).
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Figure 1. Mesomeric forms of phenol
From these basic characteristics the following different physico-chemical properties are
derived:

1.3.1 Nucleophilia

This property is at the origin of the reactions of aromatic electrophilic substituents (alkylation,
acylation, etc.) regioselective of the ortho and para positions. The 1,3-dihydroxy (resorcinol)
and 1,3,5-trihydroxy (phloroglucinol) type substituents allow an accumulation of electron
density on the C2, C4 and C6 summits (all ortho or para of the OH groups), thus accentuating
the nucleophilic character.

The flavanols ring has two C6 and C8 centres which are highly nucleophilic because they are
ortho and para to three OH or OR groups with (+M) effect. The A ring is also activated by the
saturated C4(Nkhili, 2009).

1.3.2 Reducing properties

The ionization potential (IP) of a molecule is the minimum energy that must be supplied to
the molecule in order to remove an electron from it. The more an aromatic compound is
substituted with electron-donating groups, the lower its PI is and the greater it’s reducing
character. It can then undergo mono-electron oxidation which leads to the corresponding
radical(Nkhili, 2009).

1.3.3 Polarisability

The polarisability of phenols allows them to develop strong molecular dispersion interactions
(the attractive component of Vander Waals interactions) with other polarisable compounds.
This phenomenon results from the coupling between the electronic fluctuations of two

neighbouring molecules. Thus, in aqueous solution, the interaction of the apolar benzene ring
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of the phenol with another polarizable entity such as a second aromatic ring is favored by the
hydrophobic effect(Nkhili, 2009).

1.3.4 Hydrogen bond

Phenols are hydrogen bond (H bond) donors due to the acidic nature of the proton of the OH
group. They are also H-bond acceptors. In fact, only the free pair of the O atom that is not
conjugated with the ring is capable of accepting an H-bond from a donor. Thus, a phenol is
capable of giving an H bond and receiving only one. Note that these H bonds are mutually
reinforcing (cooperativity). For example, by giving an H bond, the phenol lengthens its OH
bond. This state of predissociation accentuates the electron density on the O centre and thus
its H-bond acceptor character(Nkhili, 2009)

I.4-Oxidative Stress

1.4.1. Reactive Oxygen Species

Under physiological conditions, oxygen, an essential element for life, produces reactive
oxygen species (ROS) in the mitochondria, which are particularly toxic to cell integrity. These
ROS, which include free radicals, have oxidizing properties that cause them to react, in the
environment where they are produced, with a whole range of biological substrates (lipids,
proteins, DNA, glucose, etc.). Long considered to be toxic agents responsible for cell
dysfunction and death, it is currently accepted that ROS are true secondary messengers
involved in the expression and regulation of cell proliferation and death functions. In addition,
they are inflammatory mediators involved in various neurodegenerative or vascular
pathologies such as atherosclerosis or hypertension(Bravo and Anacona, 2001) (Labieniec and
Gabryelak, 2006)

Cells generate various types of ROS with different reactivity(Labieniec and Gabryelak, 2006;
Puppo, 1992)

- The superoxide ion O, and hydrogen peroxide H,O; represent a class that is not very active.
O, can capture an H* to give HO,™ (pKa) which would be the reactive form of O, capable of
initiating lipid peroxidation. O," can dismuture into H,O, and O, (Spontaneous or superoxide
dismutase catalyzed reaction), react with NO™ to form the peroxynitrite anion ONOQO’, a
strong oxidant, or reduce transition metal ions. O% is produced in particular by
monoelectronic reduction of O, in the mitochondria, by NADPH oxidase, an enzyme of the
macrophages which participates in the destruction of viruses and bacteria, or by xanthine
oxidase, an enzyme of the purine metabolism(Sakihama et al., 2002).
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- The hydroxyl radical HO™ is one of the most oxidizing chemical species and can attack most
biological molecules very quickly. HO™ is produced by monoelectronic reduction of H,O, by
low-valent metal ions such as Fe,” or Cu®, free or complexed (heme) (Fenton reaction).

- The singlet oxygen 10, can be generated by excitation of 30, in the presence of
photosensitizers but also by chemical processes (e.g. reaction of H,O, with CIO"). 10, is
highly reactive and can, for example, add rapidly to carbon-carbon double bonds. The

different processes of free radical formation are shown in Figure 2.
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Figure 2. Formation of Activated Oxygen Species (AOS)

EORs are also generated as a result of environmental oxidants. Indeed, pollution (e.g. nitrogen
oxides), absorption of alcohol or certain medications (e.g. catecholamines), prolonged
exposure to the sun and smoking are all situations that cause an overproduction of EOR in our
bodies, which can overwhelm our natural antioxidant defenses (superoxide dismutase,
catalase, glutathione peroxidase and other antioxidant enzymes), thus causing cellular
damage. This is oxidative stress. In addition, the current diet is not rich enough in vegetable
products (fruit, vegetables and derived products) which provide us with a wide variety of
antioxidants (polyphenols, carotenoids, vitamins C and E...) that can act as a complement to
our natural defences. Oxidative stress can be of accidental origin such as inflammation,
exposure to radiation and pro-oxidant xenobiotics, or genetic (deficiency in the expression of

antioxidant defence enzymes). In general, oxidative stress is defined as the result of an

.
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imbalance between the balance of pro-oxidants and defence systems (antioxidants), with the
result that often irreversible damage to the cell occurs. Chronic exposure to oxidative stress

can promote the development of cancer and cardiovascular disease(Halliwell, 1994)

1.5. Therapeutic properties of polyphenol and biological activities studied In vitro

The biological properties of polyphenols are essentially established In vitro and derive from
their reducing activity (anti- or even pro-oxidant effects) and their affinity for a wide variety
of proteins (enzymes, receptors, transcription factors)(Stevenson and Hurst, 2007).

One of the first recognized properties of flavonoids is "veno-active”, i.e. they have the
capacity to reduce the permeability of blood capillaries and to reinforce their resistance.
Nowadays, the properties of polyphenols are widely studied in the medical field where they
are recognized for their anti-viral, anti- bacterial, anti-tumor, anti-inflammatory, anti-allergic
and anti-cancer activities. They also have positive actions on obesity, diabetes, Alzheimer's
and Parkinson's diseases(Dangles and Dufour, 2008).

The biological activities of polyphenols have often been evaluated In vitro with purified
proteins, cell extracts and whole cells in culture. The biological properties of the conjugated
metabolites mainly present in blood and tissues have, on the other hand, been little studied
due to the lack of commercial standards.

The significance of these biological effects in the field of human nutrition is still far from
being established, especially since they almost always involve native forms or aglycones of
polyphenols and not circulating conjugated forms. To make progress-in the In vivo
demonstration of the health effects of polyphenols, a better understanding of the
bioavailability of polyphenols (their fate after possible absorption through the intestinal wall)
and a combination of relevant clinical studies is essential. The recent development of new
tools and methods could lead to important advances in the coming years. This is particularly
the case with nutrigenomics, which aims to identify genes whose expression is regulated
(upwards or downwards) by food components. The difficulty then lies in the analysis and
interpretation of these complex biological data(Nkhili, 2009).

1.5.1 Anti-inflammatory effects

Non-steroidal anti-inflammatory drugs (NSAIDs) are molecules with a very similar mode of
action. They act by blocking the action of cyclooxygenase (COX), a protein involved in a
cascade of reactions leading to the formation of prostaglandins involved in inflammation

(redness, pain, etc.), fever, aggregation of blood platelets (at low doses only), and protection

.
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of the stomach lining. COX exists in two forms, each with its own specificity: COX-1 is more
involved in platelet aggregation and the stomach, while COX-2 is specific for inflammation
and fever. They are called "non-steroidal” because their mode of action does not involve
corticoids, the important hormones synthesised by the adrenal glands located at the upper pole
of each kidney.

Under the action of cycloxygenase and lipoxygenase, arachidonic acid is metabolized
respectively into prostaglandins and leukotrienes thus inducing inflammatory phenomena. A
study by Hong et al. (2001) and his group showed that certain polyphenols are capable of
modifying the metabolism of arachidonic acid in platelets. The effects of quercetin and
myricetin are dose-dependent. At high concentrations, they inhibit cycloxygenase and
lipoxygenase. However, at low concentrations, only lipoxygenase is affected. On the other
hand, other flavonoids such as apigenin and chrysine act mainly on the activity of
cycloxygenase.

The phagocytosis that accompanies a viral or bacterial infection is followed by the production
of reactive oxygen species by neutrophils, which will promote inflammation. Generally
speaking, radical species, whatever their origin, can induce tissue damage, promote the aging
process, and even cause certain pathologies such as cancer and atherosclerosis. It is interesting
to note that many flavonoids are capable of countering this production of oxygen species by
neutrophils (Limasset et al., 1993).

1.5.2. Antidiabetic

Diabetes is a chronic disease defined as a metabolic condition that occurs when the metabolic
condition that occurs when the pancreas no longer produces enough insulin or the body does
not use the insulin it does produce properly: the secretory and abnormalities in the action of
insulin on the target tissues (muscle and adipose tissue) (muscle and adipose tissue) may be
associated. Insulin is a hormone that regulates the concentration of sugar in the blood, its
action is hypoglycaemic and in diabetes during diabetes, chronic hyperglycaemia sets in
which will lead over time to serious the time to a serious damage of many organic systems
and more particularly of the nerves and nerves and blood vessels, leading to the clinical
complications of diabetes. clinical complications of diabetes

Simple phenolic acids have been shown to increase glucose uptake and glycogen synthesis,
improve glucose and lipid profiles of certain diseases (obesity, cardiovascular diseases, DM,
and its complication)(Vinayagam et al., 2016).

Flavonoids can also prevent the development of diabetes by inhibiting the enzyme aldose

reductase. Ong and Khoo(2000) reported that myricetin has an effect hypoglycemic in

.
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diabetic animals. The antioxidant activity of hydroxytyrosol protects pancreatic cells from
damage and death. Treatment with resveratrol significantly decreases the level of glucosylated

hemoglobin(Ahangarpour et al., 2019).

1.5.3 Antimicrobial activity

The antibacterial activity of catechins, considering flavan-3-ols, it was demonstrated that
inhibited In vitro growth of several bacterial species, such as Vibrio cholerae, Streptococcus
mutans, Campilobacter jejuni, Clostridium perfringes, and Escherichia coli(Borris, 1996).
Flavonols showed a remarkable activity against several Gram-positive bacteria, such as
Staphylococcus aureus, Lactobacillus acidophilus, and Actinomyces naeslundii and Gram-
negative bacteria, such as Prevotella oralis, Prevotella melaninogenica, Porphyromonas
gingivalis, and Fusobacterium nucleatum(Cushnie et al., 2007).

More recently, it was demonstrated that some catechins, such as gallocatechin-3-gallate,
epigallocatechin-3-gallate, catechin-3-gallate, and epicatechin-3-gallate, are active against
some other food-borne pathogenic bacteria, such as Bacillus cereus. Most of these compounds
were found to be more active than antibiotics, such as tetracycline or vancomycin, at
comparable concentrations: this suggested that the tested catechins could exert a positive
effect against gastrointestinal diseases(Friedman et al., 2006).

Recent investigations also pointed out the fungicidal activity of flavonols. It was shown that
various types of bacterial and fungal dermatitis, had antifungal activity (against Microsporum
gypseum, Trichophyton mentagrophytes, and Trichophyton rubrum), and the main responsible
agents for this activity were identified as flavonols (galangin, izalpinin, and rhamoncitrin)
(Agiiero et al., 2010).

Besides antibacterial activity, proanthocyanidins showed antiviral effects against influenza A
virus and type-1 herpes simplex virus (HSV). In this case the mechanism of action seems to
consist in preventing the entry of the virus into the host cell, which is the first critical step in
primary HSV-1 infection (Gescher et al., 2011).

The antimicrobial activity of hydrolysable tannins is well known. Ellagitannins show very
interesting properties because they inhibit the growth of selected Gram negative intestinal
bacteria (strains of Salmonella, Staphylococcus, Helicobacter, E. coli, Clostridium,

Campylobacter, and Bacillus) (Puupponen-Pimia et al., 2001).

.
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Il. Material and methods
In our study, we were interested on two Algerian plants namely Rhamnus alaternus and
Phillyrea angustifolia which belong to the Rhamnaceaes family and the Oleaceae,
respectively.
11.1.1 Harvesting
The leaves of Rhamnus alaternus and Phillyrea angustifolia were collected in the region of
Tighzert (Bejaia) (32 km from the west coast) during the flowering period in March 2019.
The ecological characteristics of the harvest site of the two plants are grouped in the Table |
below.

Table I: Ecological characteristics of the place where the plants are harvested.

Location _ ) )
o Species Latitude longitude Zone
Bioclimatic

Tighzert( Bejaia) | P.angustifolia | N36° 51’ 01.05 | E4° 52'59.9330 | Mediterranean

Tighzert( Bejaia) R.alaternus N36°51'01.05 | E4°52'59.9330 | Mediterranean

The site of the harvest is in mountainous wooded area, away from all sources of pollution.
The choice of plant material used in our study is mainly based on:
- The abundance of the two species P. angustifolia and R. alaternus in the Bejaia region;

- Use in traditional medicine in Algeria.

11.1.2 Drying

After removing the stems and getting rid of the weeds, the leaves of the two harvested plants
were dusted and rinsed with distilled water, then dried in an oven (WTC binder, Germany) at
40°C for 3 days.

The interest of drying is to reduce the humidity which favors the microbial fermentation of
foliage and the development of moulds. Thus it prevents the action of polyphenol oxidases

and glycosidases which degrade the phenolic compounds.

11.1.3 Crushing and Sieving

The dried plant material was shredded by an electric shredder (Severin Elektogerate Gmbh,
Germany) and then sieved using a 250 um opening diameter sieve. The resulting powder is
stored in labelled and closed glass bottles to protect the powder from moisture and mould

attack.
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11.2.0ptimization of extraction conditions

11.2.1 Experimental model

In order to optimize the optimal extraction conditions of the phenolic compound content and
the antioxidant activity of the extracts four two plants studied; 15-test experimental design
with three central points was carried out using StatgraphicsCenturion XV1 software (Statpoint
Technologies, USA). Three independent variables the extraction time (30, 75, 120 min), the
solvent concentration (percentage of ethanol) (%EtOH) (0, 50, 100%) and the ratio (mass of
the powder in grams used in a volume of 15 mL of solvent) (g/15mL) (1, 1.5, 2 g/15 mL)
were studied. Thus two responses, total polyphenol content (TPT) (mg EAG/g MS) and
DPPH free radical scavenging (ug/mL) were determined (Table I1).

The optimization of the extraction conditions is carried out using the response surface method

(RSM) and the Box-Behnken mathematical scheme.

Table I1: Experimental design used for the extraction of bioactive compounds from the two

plants studied.

Test Ratio (g/15ml) Solvant (% Ethanol) Time (min)
01 01 0 75
02 02 50 120
03 01 100 75
04 02 100 75
05 1,5 0 30
06° 1,5 50 75
07 1,5 100 120
08? 1,5 50 75
09 01 50 30
10 02 0 75
11 1,5 100 30
12 02 50 30
13 1,5 0 120
14 01 50 120
15°% 1,5 50 75

&: Focal points of the experimental plant.

11.2.2. Application of the Box-Behnken (BB) plan

The optimization of the extraction method is carried out using the BB plan with three levels (-
1,0,+1). This design was used to evaluate the most significant parameters on extraction and to
find the optimal extraction conditions(Telli et al., 2010). In order to evaluate the best
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conditions for total polyphenol extraction and antioxidant activity, three independent variables
were chosen as relevant: ratio, percent solvent and extraction time, denoted as X1, X2 and X3,
respectively (Table I11).

Table I11: Levels of the three selected parameters.

-1 0 +1
X1 (g/15ml) 1 1,5 2
X2 (%) 0 50 100
X3 (min) 30 75 120

The Box-Behnken plan consists of 15 tests, each of which is repeated three times. The low,
medium and high levels of each variable are denoted by -1, 0 and +1, respectively.

11.3. Extraction of phenolic compounds
The extraction of phenolic compounds from the plant matrix (the leaves of the plants studied)
was done by Solid/Liquid Extraction method.

11.3.1. Procedure

The extraction of the bioactive compounds from Phillyrea angustifolia and Rhamnus
alaternus was done by Solid/Liquid Extraction method. A quantity of powder of each plant
studied was introduced into an Erlenmeyer flask containing 10 ml of extraction solvent. The
resulting mixture was stirred for a specified time at room temperature under the conditions
defined by the experimental design shown in Table II, then centrifuged at 60 rpm for 15 min
and filtered. The recovered extract is stored in closed test tubes and kept in a freezer to

prevent degradation of the extracts.

11.4. Determination of phenolic compounds

11.4.1. Principle

Folin-Ciocalteu's reagent consists of a mixture of phosphotungstic acid (H3PW1,040) and
phosphomolybdic acid (H3PMO;1,040). During oxidation, it is reduced to a mixture of
tungsten blue oxide (WgO,3) and molybdenum (MOgO23). The coloration produced is
proportional to the amount of polyphenols present in the extract analysed(Ribereau-Gayon,
1968).
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11.4.2. Method of operation

The determination of phenolic compounds for the different extracts of the two plants studied
was carried out according to the method described by Nabet et al. (2019).20 ul of each extract
previously diluted to 1/10 is mixed with 1200ul distilled water, then 100ul Folin-ciocalteu
reagent was added. After one minute of stirring, 300 pl of 20% sodium carbonate solution was
added with 380 pl of distilled water. The mixture is incubated for two hours in the dark at
room temperature. The content of total phenolic compounds is determined by referring to the
calibration curve prepared with gallic acid (Appendix 2). The results are expressed in mg

gallic acid Equivalent/g dry matter (mg GGE/g DM).

11.4.2. Determination of flavonoids

11.4.2.1. Principle

Flavonoids have a free hydroxyl (OH) group in position 5 which, together with the CO group,
can give a coloured complex with aluminium chloride (AICl3). Flavonoids form yellowish
complexes by chelation of metals (iron and aluminium). AICI; forms a very stable complex
with the hydroxide (OH) groups of phenols, this yellow complex absorbs visible light at a
wavelength of 430 nm (Ribéreau-Gayon, 1968).

11.4.2.2. Operating procedure

The flavonoid content of extracts of the leaves of R. alaternus and P. angustifolia obtained
under optimal extraction conditions with the experimental design was estimated by
colorimetric determination according to the method described by Djeridane et al.( 2006).

500 pl of the 2% aluminium chloride (AlCls3) solution were added to the same volume (500pl)
of the extract. The absorbance was read at a wavelength of 430 nm, after a contact time of 15
minutes at room temperature. 2g of aluminium chloride were dissolved in 100 ml of methanol
to prepare the 2 % aluminium chloride solution. A calibration curve (Appendix 3) with
catechin (0.031 -1.0 mg/ml) was carried out to determine the flavonoid contents. The

flavonoid results were expressed in mg quercetin equivalent/g dry matter (mg EQ/g DM).

11.4.3. Determination of condensed tannins
11.4.4.1. Principle
Tannins are polymers characterized by the presence of a sufficient number of

hydroxyphenolic groups to allow more stable combinations with proteins and alkaloids. These
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compounds are generally amorphous, soluble in water and insoluble in non-polar organic
solvents. Tannins produce blue-black or greenish-brown precipitates. The intensity of the
colour is proportional to the tannin content in the sample(Harbertson et al., 2002).

11.4.4.2. Operating procedure

The contents of condensed tannins in the studied extracts were determined using the method
proposed by Skerget et al. (2005). 0.5 mL of the extract was mixed with 2 mL of butanol-HCI
reagent (77 mg FeSO, is dissolved in 500 mL of butanol-HCI (2V:3V). The mixture was
incubated at 95°C for 15 minutes and the absorbance was read at 530 nm.

The results are determined using the following formula using cyanidin as the standard.

(ABS)*Mw=+1000

Condensed Tannin= ( —1

)*1000 (mg Eq C/g MS).
With:

Mw: Molecular weight of cyanidine equal to 287.24 g/mol.

&: Mole extinction coefficient of cyanidine equal to 34700 1. mol™*.cm™.

L: width of the Cuvette (1cm).

Tannin contents are expressed in mg cyanidine equivalent per g dry matter (mg Eq C/ g MS).

I1.5. Measurement of antioxidant activity

The estimation of the antioxidant activity of the extracts for the two plants studied is carried
out using four different tests. The reducing power test, Non-enzymatic superoxide radical
scavenging, ABTS" radical scavenging and the ammonium phosphomolybdate test were
carried out only for the extracts of the two plants obtained under optimal extraction

conditions.

11.5.1. DPPH free radical scavenging test

11.5.1.1. Principle

DPPH is a stable free radical that is electron or hydrogen accepting. The method is based on
the reduction of the alcoholic solution of DPPH in the presence of a hydrogen-donating
antioxidant and the formation of the non-radical form DPPH-H. The ability to reduce DPPH
radicals is determined by the decrease in its absorbance at 517 nm, which is visually

perceptible as a discoloration from purple to yellow(Giilgin et al., 2006).
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11.5.1.2. Operating procedure

The antiradical power of extracts of R. alaternus and P. angustifolia on DPPH free radicals
was determined according to the method reported by Brand-Williams et al. (1995). A volume
of 1450 ul of DPPH prepared with methanol at a concentration of 6.10-5mM is added to 50 pl
of the test extract (diluted 1:10). The mixture is incubated in the dark for 30 min at room

temperature. The absorbance were read in 517nm.

11.5.2. Reducing power

11.5.2.1 Principle

Reducing power is the ability of the antioxidants in the extract to reduce ferric iron (Fe**) in
the ferricyanide complex to ferrous iron (Fe?*). The reduced form gives a green color

proportional to the reducing power of the extract.

11.5.2.2. Procedure

The determination of the reducing power of the extracts of both plants is carried out according
to the method described by Ferreira et al. (2007) In one tube, 1250 ul of potassium
ferricyanide [KsFe(CN)g] at (1%) was added to the mixture of 1250 pl of phosphate buffer at
(pH 6.6; 0.2 M) with 500 pl of the extract. The mixture was placed in a water bath at 50°C for
20 min, to which 10% trichloroacetic acid was added 1250 pl. 1250 pl of the mixture was
removed, to which was then added 1250ul of distilled water and 250 pl of 0.1% ferric
chloride (FeCl3). The absorbances were read at 700 nm using a UV-Vis spectrophotometer

(Evolution 600, ThermoFisher Sscientific, European Union).

11.5.3. Ammonium phosphomolybdate test

11.5.3.1 Principle

The ammonium phosphomolybdate test is a quantitative method for assessing total
antioxidant capacity. It is based on the reduction of Mo®* to Mo®* with the formation of a
green colored phosphate Mo>" complex with maximum absorption at 695nm (Bougatef et al.,
2009).

11.5.3.2. Procedure
The assay is performed according to the method described by Prieto et al. (1999). 100 ul of
the plant extract obtained under optimal extraction conditions were added to 1000 pl of the

mixture composed of (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium
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molybdate). After incubation for 90 min in a water bath at 95°C, the solutions obtained were
cooled, and then the absorbances were measured at 695 nm. The total antioxidant capacity is
expressed in milligram equivalent of gallic acid per gram of dry matter (mg EAG/g MS).

11.5.4 ABTS’ radical scavenging

11.5.4.1 ABTS’ radical scavenging Principle

The pre-formed radical monocation of 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS") is generated by oxidation of ABTS with potassium persulfate (K;S,0g). The
oxidation of ABTS gives the solution a dark green coloration which suffers decolorization
when in the presence of hydrogen-donating antioxidants, such as flavonoids,

hydroxycinnamates, carotenoids, which cause the reduction of ABTS"(Re et al., 1999).

11.5.4.2 ABTS’ radical scavenging

ABTS" radical scavenging was prepared according to Re et al. (1999). For this reason 5 mL of
7 mM aqueous ABTS solution was mixed with of potassium persulfate (K;S;0g) (2,45 mM).
The mixture was incubated in the dark for 16 h and diluted with methanol until the
absorbance value at 744 nm equaled (0,750-0,800).

50 uL standard or sample + 250uL of the prepared ABTS radical solution was mixed with 50
uL standard or sample, the mixture was leaved the microplate in the dark for 20 min.then the

absorbances were measured at 734 nm.

11.5.5. No enzymatic superoxide radical scavenging

11.5.5.1. Principle

The non-enzymatic phenazine methosulfate-nicotinamide adenine dinucleotide system
(PMS/NADH) generates superoxide radicals, which reduce nitro blue tetrazolium (NBT) to a
purple formazan. The plant extract, when added, will act as a scavenger of the superoxide
radicals, competing with NBT preventing the color formation.

11.5.5.2. Procedure

Activity Superoxide radical scavenging activity is generally based on the anion radical which
is associated with PMSNADH system. The measurement of superoxide scavenging activity of
the is based on method. They are generated within PMSNADH systems by the oxidation of
NADH and are assayed by the reduction of nitroblue tetrazolium (NBT).
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Superoxide Radical Scavenging Activity (SRSA) For the non enzymatic system was
performed, 75 pl nitro blue tetrazolium (NBT, 0.2 mM) prepared in Phosphate buffer (20
mM, pH= 7.4) was added to 100 pL of NADH (0.3 mM)for the mixture. 75 uL of standard
(0.0 — 0.2 mg/mL) or sample were add and then 50 uL of phenazine methosulfate PMS 15

uM The mixture was allowed to stand for 5 min and read at 560 nm.

11.6. Determination of antibacterial activity

Six bacterial strains were used to study antibacterial activities which are: Salmonella enterica
CIP 813, Bacillus cereus 14579, Escherichia coli 25922, Staphylococcus aureus 29213,
Pseudomonas aeruginosa 27883, Klebsiella pneumoniae 4352. These strains are kept in the
refrigerator in screwed tubes containing the nutrient medium until they are revived.

11.6.1. Agar disc diffusion test

Antimicrobial activity was performed using the agar disc diffusion method described by
Matuschek et al. (2014), which is a preliminary method for verifying and selecting extracts
that have antimicrobial activity against the strains tested. This technique is based on the
appearance of an inhibition zone on Mueller Hinton agar if the strain tested is sensitive to the

extract.

11.6.2. Micro-dilution method

The minimum inhibitory concentration (MIC), which is defined as the lowest concentration of
extract obtained under optimal conditions that inhibits the growth of microorganisms, was
determined with the microdilution method according to NCCLS recommendations (NCCLS,
1999). The MIC values were determined for microbial strains that were sensitive to
extractions in the agar disc diffusion test. All tests were performed with the Mueller Hinton
(BMH) broth with Tween 80 added at a concentration of 0.5% (v/v). The bacterial strains
were inoculated for 24 h at 37°C on Mueller Hinton agar (GMH) and 5x105 microbial
suspensions. CFU/mL was prepared in BMH, and this inoculum density was confirmed by the
agar medium enumeration method. Five different dilutions (20 to 100 pL/mL) in extracted
were prepared and introduced at the microplate wells (96 wells). In each well 95 uL. of BMH,
5 pL of inoculum and 100 pL of each dilution of extracts have been introduced. The last well
containing 195 pL of BMH without extracts and 5 pL of inoculum to the level of each column
was used as a negative control. The final volume of each well of 200 pL. The plates were

covered with sterile lids and incubated at 37°C for 24 hours. The bacterial growth was
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revealed by the presence of a white precipitate at the bottom from the well. All the tests were

repeated three times.

I1.7. Assessment in vitro of anti-inflammatory activity

11.7.1. Test of Inhibition BSA denaturation.

The inhibition of BSA denaturation test was used to evaluate the possibility anti
inflammatory capacity of optimized extracts of Rhamnus alaternus and Phillyrea angustifolia.
The reaction mixture was consists of test optimized extracts of Rhamnus alaternus and
Phillyrea angustifolia with different concentrations and 2 mL of aqueous BSA solutions (1%).
And then the mixture was incubated at 37 °C for 20 min, then a heat treatment at 60 °C for 20
min, the turbidity was measured at 660 nm after cooling and to express the percentage of

protein denaturation the following equation was applied (Azeem et al., 2010).

% Inhibition of BSA denaturation =100x( A0 = A1/,

Where :
-A is the absorbance of control (heated BSA without extract) solution

-A; is the absorbance in the presence of plant extract.

11.7.2. Test of antiproteinase action

The test was performed according to Oyedapo and Famurewa.(1995). The reaction mixture (2
ml) was containing 0.06 mg trypsin, 1 ml 20 mM Tris HCI buffer (pH 7.4) and 1 ml test
optimized extracts at different concentrations, the mixture was incubated for 20 min. Then the
reaction was stopped by adding 2 volumes of 70% perchloric acid. The absorbance of the
supernatant in the mixture was recorded at 210 nm after centrifugation . The buffer was used
as white and the percentage of inhibition of the proteinase inhibitory activity was calculated

as follows:
% Inhibition =100x(A0 — A1/,

Where Ay is the absorbance of control solution and Al is the absorbance in the presence of

plant extract.

.
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11.7.3. Membrane stabilization by hypotonicity induced hemolysis.

Preparation of Red Blood cells (RBCs) suspension. The Blood was collected from healthy
human volunteer who has not taken any NSAIDs (Non Steroidal Anti-Inflammatory Drugs)
for 2 weeks prior to the experiment and transferred to the centrifuge tubes. The tubes were
centrifuged at 3000 rpm for 10min and were washed three times with equal volume of normal
saline. The volume of blood was measured and re constituted as 10% v/v suspension with

normal saline.

11.7.4. Hypotonicity induced hemolysis

Hemolytic activity was evaluated as described previously by Oyedapo and Famurewa. (1995).
]. A volume of 5 mL of hypotonic PBS (10 mM, 50 mM NaCl, pH= 7.4) containing extracts
at different concentrations was added to 0.5 mL of RBC suspension and then the samples
were incubated for 10 min at 37 ° C and centrifuged at 3000 rpm for 10 min. The absorbance
of the supernatant was then measured at 540 nm. The experiment was performed in triplicates
for all the test samples. The percentage of hemolysis inhibition was calculated for each

sample according to the following law:

%inhibition=100x(A0 — A1/,

Where Ay is the absorbance of positive control solution and A; is the absorbance in the

presence of plant extract.

11.7.5. hymolise assay

1 mL of RBC suspension, a volume of 1 mL of optimized extracts at increasing
concentrations (0, 0.5, 1, 1.5, and 2 g/mL) was added. After 10 min of incubation at room
temperature, the samples were centrifuged at 3000g for 10 min and the resulting supernatant
was removed and used to evaluate their hemolytic activity using a spectrophotometer at 540
nm. RBC lysis in the presence of distilled water was considered as 100% hemolytic activity.
Hemolysis in the presence of extracts was calculated relative to this control hemolysis(Pagano
and Faggio, 2015; Pimentel, 2005).

Hemolysis % :100><(A1/A0 )

where A, was the absorbance of control (distilled water and erythrocyte without extract and

A; the absorbance in the presence of plant extract.
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11.8. Enzyme Inhibitory Activity
11.8.1. a-Amylase inhibitory activity
a-Amylase inhibitory activity was performed using the iodine/potassium iodide (IKI) method
Zengin et al. (2014) with slight modifications. First, 25 puL of sample solution at different
concentrations in the range between 10 and 400 pg/mL was mixed with a-amylase solution
(50 pL) in phosphate buffer (pH 6.9 with 6 mM sodium chloride) and then incubated for 10
min at 37 °C. After that, a starch solution (50 uL, 0.1%) was added and incubated for 10 min.
Finally, 25 pL of HCI (1M) and 100 pL IKI were added to each well in the 96-well
microplate. Similarly, a blank was prepared by adding to the sample solution all reaction
reagents except the enzyme (alpha-amylase) solution. The absorbance of both the sample and
blank were read at 630 nm while the blank absorbance was subtracted from that of the sample.
The pharmacological inhibitor, acarbose, was used as a positive control and the a-amylase
inhibitory activity was calculated as follows:

Activity inhibition (%) = A control — A sample/A control x 100
where A is the absorbance.

11.8.2. a-Glucosidase inhibitory activity
a-glucosidase inhibitory activity was performed according to the methodology described by
Lordan et al. (2013).First, 50 pL of sample solution (concentrations between 20ug/mL and
1000 pg/mL) was mixed with 50 pL of 5 mM p-nitrophenyl-a-d-glucopyranoside solution (in
phosphate buffer) in a 96-well microplate. After 5 min of incubation at 37-C, phosphate
buffer (100 pL) containing 0.1 U/mL a-glucosidase was added to each well. Blank readings
(without enzyme) were subtracted from each well and the results were compared to the
control. The absorbance of the sample and blank were recorded at 405 nm and acarbose was
used as the positive control. The activity of a-glucosidase was evaluated as follows:

Activity inhibition (%) = A control — A sample/A control x 100
where A is the absorbance
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Results and discussion

I11. Results and discussion

111.1. Response surface methodology (RSM) experimental designs

I11.1.1. Extraction optimization of total polyphenol content for Rhamnus alaternus

The results of the responses studied (TPC, DPPH) for the different tests proposed by the

statgraphics software of the extract of R. alaternus are represented in the following Table V.

Table V. Experimental design and observed results for all investigated responses from R.

alaternus (a: Central points of the experimental plant).

Independent variables

Investigated responses

Test

~NoO ok wWwnN -

8a

10
11
12
13
14
15

Time % (EtOH) Ratio TPT DPPH(ug EAG/mL)

(min) (9/10mL) (mgeAG/g MS)
75 0 1 32.7+0.02 9.40+0.01
120 50 2 62.3+0.05 83.2+0.06
75 100 1 59.1+0.6 38+0.06
75 100 2 30.4+0.03 41.1+0.02
30 0 15 48.6+0.04 19.74£0.03
75 50 1.5 61.1+0.23 72.6+0.06
120 100 15 28.41+0.01 47.1+0.05
75 50 15 54.6+0.06 74.5+0.06
30 50 1 60.7+0.4 53.6+0.9
75 0 2 24.6+0.03 22.3+0.04
30 100 15 32.3+0.02 36.4+0.01
30 50 2 48.9+0.1 73.3+0.1
120 0 15 24.9+0.05 24.8+0.06
120 50 1 63.1+0.09 63.90.09
75 50 15 57.2+0.03 76.2+0.7

highest total polyphenol content of the extract of R. alaternus is obtained at extraction time of

120 min, 50% ETOH and ratio of 1, with grade of 63.05 mg EAG/g MS. On the other hand,
the lowest total polyphenol content is obtained in the extraction conditions: 75 min, 0%
ETOH and a ratio of 2, with a value of 24.55 mg EAG/g MS.

According to the results of the process of optimization using Stat-graph software, a final

model equation of the BOD dependence is as given.

Standardized Pareto charts are presented in Fig. 3 statistically; the quadratic effect of the

solvent has a significantly negative influence on the total polyphenol content of R. alaternus
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extracts. On the other hand, the variables extraction time, solvent concentration and ratio had
no effect significant on the polyphenol content of extracts of R. alaternus. The model (R® =
81.77%) suggested a maximum value TPC of the extract of R. alaternus, with predict value is
69.24 mg EAG/g DM, obtained with optimal conditions of extraction are 30 min, 53%
(EtOH%) and a ratio of 1.

Standardized Pareto Chart for poly (mg EAG/g MS)

BB | | l = -
C:concentration (g/10mL) | = -
oc | [
S
B:Solvant (EtOH%) | [ |
o |
A:Temps (min) I:I
cc |
m |l
0 1 2 3 s 5

Standardized effect

Figure 3. Standardized Pareto charts of R. alaternus for polyphenol (mg EAG/g DM)

Djeridane et al. (2007), found in their research a polyphenol content of 6 mg EAG/g MS for
the ethanolic extract of the aerial part of Rhamnus alaternus harvested north of Laghouat , in
Algeria. A similar study conducted by Ben Ammar et al. (2008), polyphenol content of 7 mg
EAG/g of fresh material was found for the methanolic extract of the leaves of R. alaternus
harvested in Tabarka in Tunisia.

Khettal et al. (2014), reported in their study that the ethanolic extract from the leaves of R.
alaternus has a total polyphenol content of 150+9.7 mg EAG/g dry extract. Furthermore, a
content of 17.13+0.09 mg EAG/g MS was obtained in the methanolic extract of R. alaternus
(Moussi et al., 2015).

The polyphenol contents of the extract of R. alaternus reported in the literature are different
from those obtained in our study (Table V). This difference can be explained by the method

used, the extraction solvent, the harvest season or the geographical conditions of the plant.

111.1.2. Optimisation of the DPPH free radical scavenging effect
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The highest effect scavenging radical DPPH of R. alaternus extracts is obtained at extraction
time 120 min, 50% EtOH and a ratio of 2, with a grade of 81.85 ug EAG/mL. On the other
hand, the lowest scavenging radical DPPH effect of the extracted from R. alaternus is
obtained under the following extraction conditions: 75 min, 0 EtOH and a ratio of 1 with a
content of 8.11 pg EAG/mL.

Standardized Pareto charts are presented in Fig. 4 statistically; ethanol concentration (EtOH
%) has the strongest significant positive effect on the antioxidant activity of R. alaternus
extracts, followed by the ratio and the time of extraction which also have a significant positive
effect. On the other hand, the quadratic effect of the solvent (EtOH %) shows a significant
negative effect on the antioxidant of R. alaternus extracts.

B:Solvant (EtOH%)

AB
BC

C:concentration (g/10mL)
BB

A:Temps (min)
CcC
AA
AC

T

L L L L L
1 2 3 4 5
Standardized effect

Figure 4. Standardized Pareto charts of R. alaternus for antioxidant activity DPPH (ug
EAG/mI)

The model (R? = 98.95%) proposes a maximum value for the antioxidant activity of R.
alaternus extract which is 79.68 ug EAG/mL, with optimal extraction conditions of 120 min,
56% (EtOH%) and a ratio of 1.81.

Kosalec et al. (2013a), have shown that the DPPH free radical scavenging effect of R.
alaternus extract is 78.7+ 3.16 mg/g A free radical scavenging effect of 34.7 pg of ascorbic
acid/ml for the methanolic extract of Rhamnus persica was found in their study(Ashfaq et al.,
2017). The latter results is half as high compared to the result obtained under optimal
extraction conditions in our study.

Moreover, an inhibition percentage of 66.83+3.88% of DPPH free radicals was obtained with
the methanolic extract of the leaves of Rhamnus alaternus harvested in Adekar, Béjaia
(Moussi et al., 2015).

-
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111.1.3. Optimization of multiple surface responses of Rhamnus alaternus extracts

Table VI shows the predicted results and the experimental results of the studied responses
obtained under optimal conditions of extraction of the extract of R. alaternus by the
conventional method which are: an extraction time of 83 min, a percentage of ethanol of 58%
and a ratio of 1.2.

Table VI. Predicted and observed values of each individual response for the optimal R.
alaternus with Optimum extraction conditions time of extraction 83 min, ethanol percentage
of 58% and ratio of 1.2.

Response Predicted Observed %RSD ®
TPT (mg EAG/g MS) 63.05 70.36 £0.21 7.74
DPPH (ug/mL)s 67.29 69.49 £ 0.61 2.27

2 Relative standard deviation (RSD) between predicted and observed results, considering as observed results the average of
three independent extracts obtained in the same conditions.

The model proposes a desirability factor of 0.90% (Figure 5) with a total polyphenol content
of 63.05 mg EAG/g MS and a DPPH free radical scavenging effect of 67.29 ug EAG/mL.
The experimental polyphenol content and DPPH radical trapping effect of the R. alaternus
extract found were 70.36 mg EAG/g MS and 69.49 ug EAG/mL, respectively. These levels
are close to those predicted by the statgraphics software (Table V1), therefore the proposed

model is validated.
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Figure5. Three-dimensional diagram of the response surface for the effects of time and
solvent on the desirability of the R. alaternus extract obtained by the method solid/liquid

extraction.
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I11.2. Phillyrea angustifolia

111.2.1. Optimisation of the total polyphenol content of P. angustifolia

The results of the responses studied (TPT, DPPH) for the different tests proposed by the
statgraphics software of the extract of P. angustifolia are represented in the Table VII.

Table VII. Experimental design and observed results for all investigated responses from P.

angustifolia(a: Central points of the experimental plant).

Test Independent variables Investigated responses

Time % (EtOH) Ratio TPT DPPH (ug
(min) (9/20mL) (mgEAG/g EAG/mL)
MS)

1 75 0 1 43.6+0.08 29.9+0.02
2 120 50 2 55.7+0.06 55.6%0.07
3 75 100 1 49.4+0.06 56.9+0.12
4 75 100 2 43.2+0.9 57.8+0.64
5 30 0 15 48.5+0.4 53.1+0.34
6° 75 50 15 64.2+0.1 54.5+0.42
7 120 100 15 58.3+0.09 57.7+0.94
g? 75 50 15 68.8+0.01 53.9+0.46
9 30 50 1 55.8+0.09 52.8+0.38
10 75 0 2 52+0.14 49.4+0.23
11 30 100 15 66.8+0.08 52.9+0.16
12 30 50 2 94+0.46 52.4+0.24
13 120 0 15 52.1+0.19 38.1+0.16
14 120 50 1 67.9+0.84 52.940.19
15 75 50 15 72.2+0.92 52.1+0.8

The highest total polyphenol content of P. angustifolia extract is obtained at an extraction
time of 30 min, 50% EtOH and a ratio of 2, with a grade of 94.02 mg EAG/g MS. However,
the lowest total polyphenol content is obtained in the extraction conditions: 75 min, 100%
EtOH, a ratio of 2 and 75 min, 0% EtOH and a ratio of 1 with a value of 43 mg EAG/g MS

Standardized Pareto charts are presented in Fig. 6 shows that the quadratic effect of the
solvent has a significantly negative effect on the total polyphenol content of the P.
angustifolia extracts obtained by the solid/liquid method. The variables extraction time,

concentration in solvent and the ratio have no significant effect on the polyphenol content of
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P. angustifolia extracts. Thus, there is an interaction between extraction time and the ratio
(concentration of the powder).

Standardized Pareto Chart for poly (mg EAG/g MS)

BB

AC

A:Temps (min)
C:concentration (g/10mL)
cC

AA

B:Solvant (EtOH%)

BC

AB

nuumll

2 3 4 5
Standardized effect

o
=

Figure 6. Standardized Pareto charts of P. angustifolia for polyphenol (mg EAG/g DM)

Indeed, when the ratio is 1 the increase in extraction time from 30 to 120 min only increases
the total polyphenol content of P. angustifolia extracts by 55 at 75 mg EAG/g MS,
respectively. Whereas, when the ratio is 2 the content of polyphenols is maximal at an
extraction time of 30 min with a value of 89 mg EAG/g MS. Increasing the extraction time
decreases the polyphenol content to achieve a minimum value of 55 mg EAG/g MS at an
extraction time of 120 min (Fig. 7). The highest total polyphenol content of P. angustifolia
extracts which is of 88.46 mg EAG/g MS, proposed by the model (R? = 89.68%) with optimal
conditions : extraction time = 30 min, 53% EtOH and a ratio of 2.

LRl

F ratio{g/15ml)=2

83 -

ratio {g/15mlj=1 ]

poly mg EAGK MS)
|

g5 [ ]

Ny _ ratio {g/15mlj=1 ratio (g/15ml)=2

30.0 120.0
Temps imind

Figure 7. Interaction between the ratio and extraction time and their effect on the polyphenols

of P. angustifolia.
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The phenolic compound content of the methanolic extract of P. latifolia harvested in Turkey
is 16,52 mg GGE/g of the fresh fruit (Ayranci and Erkan, 2013).

The result found by Mebirouk-Boudechiche et al. (2015b) for the species P. angustifolia
harvested in Algeria shows that the total polyphenol content is 29,23 mg tannic acid
equivalent/g DM. This is lower than that obtained in our study under optimal extraction
conditions (79.40 mg GGE/g DM).

Several authors report that the polyphenol content varies with the variation of several
parameters such as the extraction method, the species studied, the harvesting period, the part

studied, etc.
111.2.2. Optimisation of the DPPH free radical scavenging effect

Based on the results of antioxidant activity grouped in the Table VII, the results of
antioxidant activity as follows finds that the independent variables studied have little

influence on activity antioxidant from extracts of P. angustifolia.

The strongest scavenging effect of the free radical DPPH is obtained at an extraction time at
75 min, 100% EtOH and a ratio of 2 with a grade of 56.49 ng EAG/mL. On the other hand,
the lower free radical scavenging effect of DPPH free radical scavenging from P. angustifolia
extracts is obtained under the following extraction conditions: 75 min, 0% EtOH and a ratio
of 1 with a content of 28.63 ng EAG/mL.

Standardized Pareto charts are presented in Fig. 8, the only variable that has a significant
positive influence on the antioxidant activity of P. angustifolia extracts is the concentration of
the solvent (EtOH%). On the other hand, the two other variables: extraction time and the ratio

have no significant effect on the antioxidant activity of P. angustifolia extracts.

B:Solvant (EtOH%)
AB
BC

C:concentration (g/10mL)
BB

A:Temps (min)
ccC
AA
AC

Tyl

n n n n n
1 2 3 4 5
Standardized effect

Figure 8. Standardized Pareto charts of P. angustifolia. for antioxidant activity DPPH (ug
EAG/mI).

.
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The model (R* = 87.68%) proposes a maximum value of antioxidant activity of P.
angustifolia extract which is 60.37 ug EAG/mL which is in optimal conditions of extraction
are 120 min, 100% (EtOH%) and a ratio of 1.23.

Ayranci and Erkan. (2013), shows that the free-radical scavenging capacity DPPH (IC50) of
P. latifolia is 69.4 + 5.8 ug/mL . In addition, a 90% DPPH free radical scavenging rate of the
methanolic extract of Olea europea subsp maroccana of 90% was reported by Pavithra et al.

(2013) for a concentration of 25 mg/ml.

111.2.3. Optimization of multi-surface responses of P. angustifolia extracts

At the level of Table VIII are grouped the predicted results and the experimental results of
the studied responses obtained under optimal conditions of extraction of the extract of
Phillyrea angustifolia by the conventional method which are: an extraction time of 30 min, a
percentage of ethanol of 47% and a ratio of 2.

Table VIII: Predicted and observed values of each individual response for P. angustifolia the
optimal with Optimum extraction conditions a time extraction time of 30 min, an ethanol

percentage of 47% and a ratio of 2.

Response Predicted Observed %RSD?
TPT (mg EAG/g MS) 88,22 794+0.7 744
DPP H (ug/mL)s 55,20 63,72+0.2 10,13

# Relative standard deviation (RSD) between predicted and observed results, considering as observed results the average of
three independent extracts obtained in the same conditions.

The model proposes a desirability factor of 0.92% (Figure 12) with a total polyphenol content
(TPT) of 88.22 mg EAG/g MS and a DPPH free radical scavenging effect of 55.20 ug
EAG/mL. The experimental results obtained are as follows: a polyphenol content of 79.40 mg
EAG/g MS and an antioxidant activity (DPPH) of 63.72 pg/ml, the latter being close to those
predicted by the software (Table VIII). Therefore, the model proposed by the statgraphics
software for the optimization of TPT and DPPH free radical scavenging effect of P.

angustifolia extract is validated.
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Figure 9. Three dimensional plots of surface response showing the interaction between the

ethanol concentration and time of extraction on the overall desirability using P. angustifolia

111.3. Evaluation of antioxydants of extracts obtain under optimum condition
111.3.1. Flavonoid content
The results of the flavonoid contents of the extracts of the two plants tested are grouped in the

Figure 10.

Paired t test data

P.angustifolia 'I a

R.alaternus

0 5 10 15 20

Flavonoid content (E Q /g DM)

Figure 10. Flavonoid contents of the plants studied

Results with different letters (a>b) show a significant difference at p < 0.05.

The multiple comparison analysis student’s t test shows that there is a significant difference

between the flavonoid contents of the two plants studied.

.
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The results indicate that the flavonoid content in the optimized extract of R. alaternus is
higher than that of P. angustifolia, which is 7.04 £ 0.27 mg EQ/g DM.

Moussi et al.(2015), reported in their study a flavonoid content is 60.22+5.76 mg EQ/g MS
for the methanolic extract of R. alaternus. This is three and a half times higher than that
obtained in our study for the same species.

Khettal et al. (2014), showed in their study that the flavonoid content (92+14 mg E Q/g dry
extract) of the ethanolic extract of R. alaternus is five times greater than that found in our
study for the same species.

Tattini et al.(2005), reported the flavonoid content of 15.7 £ 1.5 nmol cm-2 for P. latifolia

leaf extract.

111.3.2. Condensed tannin contents

The results of the condensed tannin contents of the extracts of the two plants studied are
grouped together in the Figurell.

The statistical study shows that there is a significant difference in tannin content between the

two plants at p < 0.05.

Paired t test data

P.angustifolia -I a

R.alaternus a
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Condenced tannin content (E C /g DM)

Figure 11. Condensed tannin contents of the plants studied
Results with different letters (a>b) show a significant difference at p < 0.05.

The multiple comparison analysis student’s t test shows that there is no significant difference
between Condensed tannin contents of the two plants studied
The result found by Mebirouk-Boudechiche et al (2014) for the Phillyrea media species

collected in Algeria is 18 mg leucocyanidin equivalent/g MS.

.
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The condensed tannin content of the methanolic extract of R. alaternus harvested in Tunisia is
14.72 £ 0.38% tannic acid (Ben Ammar et al., 2007)

I11.4. Antioxidant activity of the plant extracts studied under optimized condition
111.4.1. Reducing power
The results of the reducing power of the extracts of the studied plants are represented in

Figure 12.

Paired t test data
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Figure 12. Reducing power test of the plant extracts studied

The multiple comparison analysis student’s t test using GraphPad Prism 6 shows that there is
no significant difference (a>b) between the levels of total antioxidant activity of the two

plants studied at p < 0.05.

The reducing power results of the optimized extracts of the two plants tested show that they
have a ferrous to ferric iron reducing capacity of 16.92+0.22 and 14.69+0.87 mg EAG/g MS

for R. alaternus and P. angustifolia, respectively.

Kaempferol-3-O-isorhamnoside and rhamnocitrin-3-O-isorhamnoside isolated in R. alaternus
extract have a reducing power of 33 and 36.8 mg Trolox equivalent/ml at a concentration of 1
mg/ml (Bhouri et al., 2012).

The extract of the flowers of Jasminum grandiflorum (Oleaceae) has a reducing power of
233+64 ml Trolox/g(Dudonne et al., 2009).

@
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111.4.2. Ammonium phosphomolybdate test
The results of the ammonium phosphomolybdate test that is used to determine the total

antioxidant activity of the optimized extracts of the plants studied are shown in Figure 13.
Paired t test data
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Figure 13. Ammonium phosphomolybdate test of the plant extracts studied.

Results with different letters (a>b) show a significant difference at p < 0.05

The multiple comparison analysis student’s t test using GraphPad Prism 6 shows that there is
a significant difference (a>b) between the levels of total antioxidant activity of the two plants

studied at p < 0.05.

Extract from the leaves of R. alaternus obtained under optimal extraction conditions shows
the highest total antioxidant activity which is 112.86 + 4.2 mg EAG/g MS. This is greater than
that of the optimized extract of P. angustifolia which is 85.84 + 2.72 mg EAG/g MS.

Bourgou et al., 2008, reports that several flavonoids extract from several Medicinal plants
have a significant contribution to total antioxidant activity. In the antioxidant activity of
flavonoids depends on their structure and the substitution of the hydroxyl groups in these
compounds. The essential condition for having a good radical scavenging effect is the
presence of the 3',4' ortho-dihydroxy group on the cycle B and the 4-carbonyl group on cycle
C. Thus, the presence of the double bond between the C2 and C3 in cycle C is responsible for
the delocalization of electrons from cycle B, which increases antioxidant activity.

F
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111.4.3. ABTS’ radical scavenging

The results of ABTS test that is used to determine the antioxidant activity of the optimized

extracts of the plants studied are shown in Figure 14.

Paired t test data
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Figure 14. Test ABTS of the plant extracts studied.

Results with different letters (a>b) show a significant difference at p <0.05

The multiple comparison analysis student’s t test shows that there is a significant difference

(a>b) between the levels of total antioxidant activity of the two plants studied at p < 0.05.

The strong trapping effect of ABTS" cations is obtained in the case of extract R alaternus.,
followed by P. angustifolia extract with ICsy values 3+ 0.02 and 22 + 0.1ug /ml MS,
respectively.

Bhouri et al.(2011), reported in their study that R. alaternus extract has the highest antioxidant
activity (neutralization of the ABTS radical), ICsq value of 18.75 pg/ml.

Ayranci and Erkan.(2013), reported in their study that fruit P.latifolia extract has the good
activity (neutralization of the ABTS radical), 1Cs, value of 1.8 pg/ml.

Our results are in concordance with what other researcher fond.

The antioxidant activity studied can be attributed to the acids hydroxycinnamic acids present
in this plant and in particular 5-caffeoylquinic acid. (chlorogenic acid). Indeed,AlGamdi et

al.(2011) report that phenolic acids such as hydroxycinnamates, mainly 5-O-caffeoylquinic

&
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acid are responsible for the antioxidant activity of the aqueous extract of the seeds of

Anastatica hirerochuntica (tea).

Hydroxycinnamoylquinic acid derivatives (3-caffeoylquinic acid, 5-caffeoylquinic acid, 4-
caffeoylquinic acid, 3,4-di-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid and 4,5 di-O-
caffeoylquinic acid) are the major compounds which help trap free radicals in the case of
gardenia fruit extract (rosacea), these compounds are responsible for 73% of total radical
scavenging(He et al., 2010).

111.4.4. No enzymatic superoxide radical scavenging
The results of test superoxide radical scavenging is used to determine the antioxidant activity
of the optimized extracts of the plants studied are shown in Figure 15.

Paired t test data
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Figure 15. superoxide radical scavenging test of the plant extract studied

Results with different letters (a>b) show a significant difference at p <0.05

The multiple comparison analysis student’s test shows that there is no a significant difference

(a>b) between the levels of total antioxidant activity of the two plants studied at p < 0.05.

Superoxide radical scavenging results of the optimized extracts of the two plants tested show
that they have reducing capacity nitro blue tetrazolium (NBT) to a purple formazan, 1Cs
13+0.22 and 19£0.87 mg EAG/g MS for R. alaternus and P. angustifolia, respectively.

.
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Hsiao et al.(1996), in their study on Rhamnus nakaharai they show The effect of 5-100 /z M
isotorachrysone on the reduction of cytochrome c by superoxide generated by xanthine plus
xanthine oxidase.

The scavengers of nitric oxide compete with the oxygen, leading to reduced production of
nitric oxide. In the PMS/NADH coupling reaction reduces NBT. The decrease of absorbance
at 560 nm with antioxidants thus indicates the consumption of superoxide anion in the
reaction mixture. The results were positive at the laboratory level and further work can be
carried out to find out the exact constituent responsible for these activities by the process of
modern analytical tools. Thus the plant can be a potential source for antioxidant property
(Chakraborthy, 2009).

111.5. Determination of antibacterial activity

The antibacterial activity of the two plant extracts tested is evaluated by measuring the
diameters of the inhibition halos around the discs. The absence of halos results in the absence
of activity and resistance of the tested bacteria. The diameter of the halos varies according to

the strain tested, the nature and the dose of the active substance present in the extracts.

The scale for estimating antimicrobial activity is given by Bouharb et al.(2014). They
classified the diameters of microbial growth inhibition zones as follows:

- D <8 mm: non-susceptible bacteria;
- 9 < D < 14 mm: susceptible bacteria;
- 15 < D <19 mm: highly susceptible bacteria;

- D > 20 mm: highly susceptible bacteria.

I11.5.1. Sensitivity of the strains tested to antibiotics

The Gram+ bacterial strain (Staphylococcus aureus and Bacillus cereus) and Gram-
(Escherichia coli, Pseudomonas aeruginosa, Salmonella enterica and Klebsiella pneumoniae)
showed different sensitivities to the antibiotics tested: amoxicillin (amox), oxacillin (oxa),

tetracycline (tet) and amikacin (ami).

.
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S. aureus is highly sensitive to amoxicillin with an inhibition zone diameter of 45.25 mm,
while it is less sensitive to tetracycline, oxacillin and amikacin with inhibition zone diameters
of 30, 25.5 and 23.25 mm, respectively. In addition, the DZIs of the extracts of the two plants
studied obtained from the same strain are very similar to those obtained with oxacillin and
amikacin.

Pseudomonas aeruginosa is a Gram+; it is relatively resistant to certain antibiotics such as
oxacillin and amikacin with DZIs of 6 and 9.25 mm, respectively. While it is highly sensitive

to tetracycline and amoxicillin with DZIs of 34.25 and 38 mm, respectively.

Bacillus cereus showed decreasing sensitivity to the following antibiotics: tetracycline (37.75
mm), amikacin (27.5 mm), amoxicillin (24 mm) and oxacillin (23.75 mm).

Escherichia coli is a Gram- it is highly sensitive to the different antibiotics, tetracycline (31.5
mm), amikacin (27.25 mm) and amoxicillin (24.25 mm). It is resistant to oxacillin (6 mm).
Salmonella enterica is highly sensitive to amikacin (25.25 mm) and amoxicillin (23 mm), and
slightly sensitive to tetracycline (8.5 mm).

Klebsiella pneumoniae is extremely sensitive to amoxicillin (40.5 mm) and tetracycline

(32.25 mm), while it is resistant to oxacillin and amikacin.

The study by Venubabu Thati et al.(2010) on the effect of antibiotics on S. aureus showed
DZIs of 15, 0, 14 and 22 mm with oxacillin (15 mm), amoxicillin (0 mm), amikacin (14 mm),
tetracycline (22 mm), respectively.

A 25 mm DZI was found on B. cereus with the antibiotic tetracycline(Venubabu Thati et al.,
2010). This result is lower than that found in our study on the same strain (37.75 mm).
Furthermore, the DZI of the extract of R. alaternus on B. cereus is higher than those obtained
with oxacillin and amoxicillin.

Three antibiotics (amikacin, tetracycline and amoxicillin) were tested on S. aureus and E. coli.
The DZIs found were: 23 mm (amikacin), 7.5 mm (amoxicillin) and 25 mm (tetracycline), for
S. aureus. In contrast, the DZIs found on E. coli are 10 mm (amoxicillin), 27 mm (amikacin),
25 mm (tetracycline)(Venubabu Thati et al., 2010).These results are lower than those obtained

in our study for the two strains Staphylococcus aureus and E. coli .

111.5.2. Antibacterial activity of P. angustifolia and R. alaternus extracts
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The results of the antibacterial activity of the extracts of the two tested plants obtained under

optimal extraction conditions are grouped together in the Figure 16.

35
ER. alaternus

m P, angustifolia

diameter of inhibition zones (mm)

S. enterica B. cereus E. coli S.aureus P.aeruginosa K.
pneumoniae

Figure 16. Antibacterial activity of R. alaternus and P. angustifolia extracts

The results obtained with the disc diffusion on agar method show that the optimized extracts
of the two plants studied have a strong antibacterial activity against the majority of the strains

tested with inhibition zone diameters (DZI) ranging from 8.12 to 27.37 mm.

The largest inhibition zone diameters are obtained with R. alaternus extract on the bacterial
strains E. coli, S. enterica, B. cereus and S. aureus which are 27.37; 26.87; 25.12 and 23.5
mm, respectively.

The strain most resistant to R. alaternus extract is K. pneumoniae with a DZI of 8.12 mm. On
the other hand, in the case of P. angustifolia extract, the strongest antibacterial activity is
obtained on S. enterica and S. aureus strains with DZIs of 26.87 and 27.37 mm, respectively.
The strain most resistant to P. angustifolia extract is E. coli with a DZI of 8.75mm.
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The extract of R. alaternus obtained under optimal extraction conditions (83 min, 58% EtOH
and ratio of 1) had the strongest antibacterial effect on all strains tested except for S. aureus
and K. pneumoniae.

A study carried out by Kosalec et al.(2013a) on the ethanolic extract of Rhamnus alaternus at
a concentration of 20 mg/ml showed low activity on Staphylococcus aureus (12 mm),
Pseudomonas aeruginosa (10 mm), Escherichia coli (10 mm). These results are lower than
those obtained in our study for the same species.

Carranza et al.(2015) have shown the antibacterial effect of Rhamnus californica extract
(Img/ml) harvested in America on Bacillus cereus (10 mm), Staphylococcus aureus
methicillin-resistant(MRSA) (10 mm), on the other hand, with no effect on Staphylococcus
aureus, Pseudomonas aeruginosa and Escherichia coli.

Zeouk and Bekhti.(2020) found that the DZI of ethanolic extract from the leaves of R.
alaternus obtained against two bacteria, S. epidermidis and S. aureus ATCC 29213, were
16+1 mm and 251 mm, respectively. The latter is consistent with that obtained in our study.
Malik.(2015) In their study show that Olea europaea and arugula extract were effective
against the two Gram-positive strains (Staphylococcus aureus) but low activity was observed
against the Gram- strain (Bacillus cereus).

A study conducted by Pavithra et al.(2013) on Olea dioica flower extract (50 mg/mL) showed
low activity on S. aureus (14 mm), B. cereus (13 mm) and E. coli (11 mm). These results are
lower than those obtained in our study with P. angustifolia.

The inhibitory effect of phenolic compounds on bacterial growth can be explained by several
reasons. Among the hypothesis put forward, we can cite the chelation of metals such as iron
which is necessary for microbial growth, the action on the membranes of microorganisms
leading to the loss of its structural integrity and finally the action on bacterial metabolism
(Clérivet et al., 1996).

111.5.3. Micro-dilution method minimal in (MIC)

The minimal inhibitory concentration (MIC) is the most common parameter used to evaluate
the effect of an extract. It corresponds to the smallest concentration of antibiotic that inhibits
the visible growth of the germ in 24H for rapidly multiplying bacteria (lack of increase in
bacteria).

The results obtained with the microdilution method are represented as follows the table

below:

.
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Table IX: Antibacterial properties minimal inhibition concentration (MIC) of Rhamnus

alaternus and Phillyrea angustifolia extracts.

_ Rhamnus alaternus (MIC) Phillyrea angustifolia (MIC)
Strains
(il /ml) (il /ml)

Salmonella enterica 6.25+0.1 6.25+0.3
Bacillus cereus 2.01+£0.06 6.25+0.12
Escherichia coli 6.25+0.19 16.25+0.5
Staphylococcus aureus 6.5+0.42 5.8+0.34
Pseudomonas

_ 25.50.2 25.5+0.17
aeruginosa
Klebsiella pneumoniae 25.5+0.8 23.5+0.6

This test was performed at five concentrations (20, 40, 60, 80 and 100 pl/ml) of each
optimum extracts.

The IC5CMI results showed that optimum extract of Rhamnus alaternus demonstrated
antibacterial activity against six bacterial strains and the most susceptible is against Bacillus
cereus IC 50 (2.01+0.06 pl/ml).

The IC5,CMI results showed that optimum extract of Phillyrea angustifolia demonstrated
antibacterial activity against six bacterial strains and the signifying higher activity is observed

against Staphylococcus aureus I1C 50 (5.8+0.34ul/ml).

To our knowledge, literature data reporting the antimicrobial potential of R.alaternus More
specifically, based on the agar disc diffusion assay, methanolic extracts, Kosalec et al.(2013a)
find in their research MIC value of 0.625 mg/mL. R. alaternus collected in Tunisia have
shown In vitro antibacterial activity against S. aureus, E. faecalis, E. coli, Salmonella

enteritidis and Salmonella typhimurium strains.

Cowan.(1999), has reported that the different classes of polyphenols, mainly the tannins and
flavonoids can increase the toxicity of extracts towards the microorganisms. This toxicity
depends on the site and the number of hydroxyl groups present on the phenolic compound.
Furthermore, it is evident that the increase of Hydroxylation leads to an increase in toxicity.
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The mechanism of the antimicrobial effects of polyphenols is undoubtedly very complex
among the hypotheses put forward, the inhibition of nucleic acid synthesis, the alteration of
the functions of the cytoplasmic membrane, the sequestration of substrates necessary for the

microbial growth and inhibition of microbial energy metabolism (Jungkind et al., 2013).

I11.6. Anti-inflammatory activities

111.6.1. Inhibition of BSA denaturation

Inflammation is reaction process in living tissue induced by inflammatory agents such as
physical injury, microbial infections, and harmful chemical irritations. The response of cells
to inflammation leads to certain pathological reactions characterized by redness, heat,
swelling, and pain, or even physiological dysfunction. In general Inflammation is implicated
in many diseases, including arthritis, stroke, and cancer (Ricciotti and FitzGerald, 2011).
Protein denaturation leads to inflammatory response and various inflammatory diseases,
including arthritis (Mizushima, 1966). According to Opie.(1962), tissue damage throughout
life may be related to the denaturation of the cell's constituent proteins or intercellular
material. Thus, the ability of a substance to inhibit protein denaturation means an apparent
potential for anti-inflammatory activity. There are certain problems in using animals in
experimental pharmacological research, such as ethical issues and the lack of rationale for
their use when other suitable methods are available or could be investigated. For this purpose,
in the present study the protein denaturation bioassay was selected for In vitro assessment of
anti-inflammatory property of optimized extracts of two plants R. alaternus and P.

angustifolia.

The capacity of different optimized extracts of R. alaternus and P. angustifolia to inhibit BSA
denaturation which was ranging from 1Cs,250.27 £ 0.98 pg/mL and 1Cso 73.03 + 0.04 pg/mL
respectively, extracts had a good anti-denaturation activity of the BSA inhibition, in this assay
P. angustifolia had therefore provided another evidence for its promising anti-inflammatory
properties. In the current study, ibuprofen is used as the reference compound anticipated
exerting optimally positive inhibition percentage. A statistical analysis had shown that there
were significant differences (P <0.5) between two plants, whereby the extract exhibited
significant differences in multiple comparison analysis student’s t test using GraphPad Prism
6.

-
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In literature, the anti-inflammatory activity can be explained by the presence in the plants
polyphenolic compounds such as hydrolysable tannins and flavonoids (Zarfeshany et al.,
2014).

The major constituents of R. alaternus , polyphenolic compounds like flavonoides and
phenolic acid(Ben Ammar et al., 2018). Polyphenols are well known natural products known
to possess several notable biological properties. Flavonoids and their glycosides present in
Rhamnus prinoides have shown inhibitory action of inflammation reducing the LPS-
stimulated NO in Macrophage RAW 264.7 Cells and COX-2 inhibitory activity (Chen et al.,
2020).

The major constituents of P. angustifolia polyphenolic compounds like tannins and
flavonoides. Several studies shown that diet rich on phenolic compounds have significants
anti-inflammatory effects, including inhibition of adhesion molecule, cytokine and chemokine
gene expression; inhibition of platelet function; augmentation of endothelial nitric oxide
release; suppression of smooth muscle activation; and other effects on proinflammatory

factors such as endothelin and matrix metalloproteinases(Lee et al., 2006).

111.6.2. Proteinase Inhibitory Action

Proteinase leukocytes come from Neutrophils, are play an important role in tissue
development damaged during inflammatory reactions and provide protection by proteinase
inhibitors (Leelaprakash and Dass, 2011).

The capacity of different optimized extracts of R. alaternus and P. angustifolia to inhibit
Proteinase Activity was ranging from ICsq 28.87+£1.87 (ug/ml) and ICsp 21.40+ 0.18(ug/ml)
respectively. A statistical analysis had shown that there were no significant differences
(P <0.05) between two plants, whereby the extract exhibited significant differences in
multiple comparison analysis student’s t test (graphpad- prisme 6). Naz et al.(2017) shown
that the effect could be explained by the fact phenolic compound on anti-inflammatory as well
as anti-proteinase inhibition activity. The exact mechanism can be explained that interaction
of phenols compounds with site(s) distal from the trypsin active site; In agreement with earlier

findings.
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111.6.3. Anti-hemolytic activity

The erythrocyte hemolysis test has long been used since the human red blood cells (HRBC)
are similar to the lysosomal enzyme membrane components.

Optimum extracts from R. alaternus and P. angustifolia exerted the best anti-hemolytic with
an 1Csp 142.4+1 pg/ml and 160.40+4.48 pg/ml respectively. We demonstrated that both of
optimum extracts from R. alaternus and P. angustifolia at concentration range (100-500

pag/ml) protects the human erythrocyte membrane against lysis induced by hypotonic solution.

In the literature reports, several hypothetical mechanisms are proposed. We can cite some of
them; polyphenols extracts could influence the surface area/volume ratio of the erythrocyte
cells which could be induced by an expansion of membrane of the cell, and an interaction
with membrane proteins(Shinde et al., 1999). This protective effect may be due to the ability

of the extracts to modify the flow of calcium in the erythrocyte.

Omale and Okafor.(2008), reported that the effect of anti-inflammatory drugs including plants
preparation on the stabilization of erythrocyte membrane exposed to hypotonic and heat that
the effect could be due to the binding to proteins plasma, in particular membrane proteins,
thus contributing either to the regulation of the intracellular water volume by controlling the
movement of sodium and potassium ions through protein channels. In another study, have
shown that flavonoids exhibit analgesic and anti-inflammatory effects as a result of their

membrane stabilizing ability in various experimental models (Ranasinghe et al., 2012).

I11.7. Cyto-toxicity activity

Cyto-toxicity activity is used on human erythrocytes to determine toxicity parameters for
human use. This method assay is one tool that the pharmaceutical scientist may use as a guide
to assess the safety and utility of a parenteral formulation(Pagano and Faggio, 2015).

The results showed that no hemolysis was induced by any of Optimum extracts from R.
alaternus and P. angustifolia at all concentrations tested, no significant difference between
the hemolysis percentages of the negative control and those obtained with the different
concentrations of the optimum extracts. This results means that two extracts do not present

any toxicity even at high concentration.

.
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111.8. Enzymatic activity

111.8.1. a-Amylase Inhibition

In this study, we have investigated the potential antidiabetic effect of optimized extract for
phenolic content as natural sources against a-amylase and o-glucosidase inhibitors for
modulation of post-prandial hyperglycemia by decreasing meal-derived carbohydrate
absorption.

An unexpected increase of glucose levels in blood causes hyperglycemia in type-2 diabetes
patients due to hydrolysis of starch by pancreatic a-amylase and the consequent absorption of
glucose by intestinal a-glucosidase. Thus, the strong inhibition of a-glucosidase and mild
inhibition of pancreatic a-amylase is believed to be an effective strategy for type-2 diabetes
management (Krentz and Bailey, 2005). The enzyme a-amylase breaks down long
carbohydrate chains and a-glucosidase breaks down starch and disaccharides into glucose.
These enzymes serve as major digestive enzymes and help in intestinal absorption.
Importantly, a-amylase and a-glucosidase are potential targets in producing lead compounds

for the management of diabetes (Rocchetti et al., 2019).

The inhibitory potencies of R. alaternus and P. angustifolia extracts on a-amylase and a-

glucosidase activity are summarized in Table X.

Table X. Inhibitory activities of Rhamnus alaternus and Phillyrea angustifolia towards -

amylase and a-glucosidase

a-Amylase (ICso, pg/mL)  a-Glucosidase(ICsp, pg/mL)

Rhamnus alaternus 0.08 £0.01 0.7+0.03
Phillyrea angustifolia 0,71+0,02 1.9+0.08
Acarbose 1452+ 1.3 2754 +1.6

Values are means of three independent assays + SD

Acarbose showed the lowest ICsp, establishing its relative potency as a-Amylase inhibitor
Maximum inhibition was found to be 0.08 £ 0.01, pg/mL. Rhamnus alaternus showed a
strong inhibition pattern against a-amylase activity, no significantly higher than Phillyrea

angustifolia. few study has been done on inhibition a-Amylase of two species studied.
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Ben Bacha et al.(2018), showed that methanolic extract of Rhamnus frangula leaves
significantly inhibited a-glucosidase and a-amylase activities with 3.09+0.15 and 45.86+3.45,
respectively.

Uysal.(2020), demonstrated that the ethyl acetate extract exhibited the highest inhibitory
effect for all tested of a-amylase, a-glucosidase and tyrosinase Phillyrea latifolia .

Many investigation shows that catechins may contribute to the inhibitory effects of the
various extracts tested (Hara and Honda, 1990; Yilmazer-Musa et al., 2012). The structure of
a polyphenol defines its binding affinity to the enzyme. For instance, the double bond
between C2 and C3 of ring C in flavonoids increases the intensity of the electron cloud in ring
C, which stabilizes the n-m conjugation between ring A (or B) with the aromatic ring of

tryptophan in a-amylase (Zheng et al., 2020).

111.8.2. a-Glucosidase Inhibition

Compared to its strong inhibitory effect on a-glucosidase, acarbose was much less potent in
inhibiting a-glucosidase (Figure 17). The ICs values of acarbose for a-glucosidase activity
were higher than those values for a-amylase. The highest inhibition a-Glucosidase tested
(ICsp 0.7 pg/mL) observed in Rhamnus alaternus extract. Interestingly, all extracts tested

were much more potent inhibitors of a-glucosidase than acarbose (Table X).

Only few studies are reported inhibition a-Glucosidase of the two species studied.

The results of The enzyme inhibitory (a-glucosidase and a-amylase) potential of Rhamnus
petiolaris fond by Rocchetti et al.(2019) is 0.58 + 0.01 and 1.86 + 0.01 pg/ml respectively.

It has been found enzyme inhibitory effects of the members of the genus Rhamnus, the
present findings seem to be consistent with other research (Bacha et al., 2018) which found
the best amylase and glucosidase inhibitory effects for methanol extract of Rhamnus frangula
leaves. Also, Rhamnus lycioides subsp. oleoides anthraquinone rich extract exerted a notable
anti-acetylcholinesterase activities (Benamar et al., 2019a).

Dinda.(2019), in their study show that phillyrea latifolia has enzyme inhibitory (a-glucosidase
and o-amylase) 0.43 and 1.73 pg/ml. The enzyme inhibitory effect of studied extracts was

related to total phenolic content.
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Various mechanisms of action of medicinal plants with an effect on diabetes have been
reported from studies of medicinal plants or their extracts used in the treatment of diabetes
may act by different mechanisms:

+ In terms of carbohydrate homeostasis
- Stimulate the secretion of insulin from the B cells and/or also induce their
regeneration(Mukherjee et al., 2006).
- Action by the contribution of necessary elements (Cu**, Mg*™*, Ca'™") to the functioning of
the cells, and also the revitalisation and/or hyperplasia of these cells(Mukherjee et al., 2006).
- Action on hepatic enzymes by stimulating and/or inhibition of Gluconeogenesis (EI-Abhar
and Schaalan, 2014).

+ Intestinal level
- Modification of gene expression and the activity of hormones involved in digestion such as
adiponectin, resistin, and incretin,
Inhibitory action on digestive enzymes such as a-amylase and a-glucosidases, reducing the
breakdown of starch and oligosaccharides, therefore they act by slowing and reducing the
absorption of glucose in the intestine,
-Inhibition of glucose transporters at the intestinal barrier, thus limiting intestinal glucose
absorption, or by stimulation of glucose uptake by adipocytes or muscle cells (Chang et al.,
2013; Rios et al., 2015).

.



First Part: Biological activity of medicinal plants Conclusion

V1. Conclusion

The present study aims to optimize the extraction of phenolic compounds and the antioxidant
activity of extracts from the leaves of Phillyrea angustifolia and Rhamnus alaternus obtained
by the conventional extraction method using an experimental design with three variables and
the study of two responses. Thus to evaluate the biological activity (antibacterial, anti-
inflammatory activity, antioxidant activities and antidiabitic activity) of the extracts of the two

plants studied.

The highest moisture content is obtained in the leaves of R. alaternus, which is 62.14 +
1.69%, and 48.88 £ 0.69% for P. angustifolia.

The crude extracts of R. alaternus and P. angustifolia are rich in carotenoids with contents of
93.74 and 79.74 mg B-carotene / 100 g, respectively.

The Box-Benken plan made it possible to identify the best parameters for having the highest
content of total polyphenols and the highest scavenging effect of the free radical DPPH which
are an extraction time of 83 min, an ethanol percentage of 58 % and a ratio of 1.2 for R.
alaternus and an extraction time of 30 min, a percentage in ethanol of 47% and a ratio of for

P. angustifolia.

The contents of total polyphenols and the scavenging effect of the free radical DPPH found,
under optimal conditions are 79.40 mg EAG / g DM and 63.72 ug EAG / mL, respectively in
the case of P. angustifolia and 70.36 mg EAG / g MS and 69.49 ug EAG / mL, respectively
for the extract of R. alaternus.

The flavonoid content of the extract of R. alaternus (17.17 mg EQ / g DM) is higher than that
of P. angustifolia which is 7.04 mg EQ / g DM.

Concerning the contents of condensed tannins, the plants studied have low contents, which are

1.86 and 0.98 mg EQ Cyanidine / g DM for R. alaternus and P. angustifolia, respectively.
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The results of the reducing power test and the total antioxidant activity determined by the
ammonium phosphomolybdate test of the extract of R. alaternus are 16.92 mg EAG / g MS
and 112.86 mg EAG / g MS, respectively. On the other hand, a reducing power of 14.69 mg
EAG / g MS and a total antioxidant activity of 85.84 mg EAG / g MS are obtained in the case
of P. angustifolia

The strong trapping effect of ABTS" cations is obtained in the case of extract R alaternus.,
followed by P. angustifolia extract with ICsy values 3+ 0.02 and 22 + 0.1ug /ml MS,
respectively.

Superoxide radical scavenging results of the optimized extracts of the two plants tested show
that they have reducing capacity nitro blue tetrazolium (NBT) to a purple formazan.

The optimum extracts of the two plants studied shows antibacterial activity on all the strains
tested. The strongest antibacterial activity is obtained with the extract of R. alaternus on
E.coli and S. enterica with DZIs of 27.37 and 26.87 mm, respectively. Thus, the K.
pneumoniae strain is resistant to the extract of R. alaternus with a DZI of 8.12 mm.

The optimal extracts obtain from two species was tested anti-inflammatory activity In vitro
assessed with two tests (denaturation protein inhibition and antiproteinase) P. angustifolia
exhibited a very interesting activities.

The optimized extract of Rhamnus alaternus has a good potential inhibition a-amylase and o-
glucosidase.

In general we can say that the extracts of R. alaternus and P. angustifolia are an important
source of phenolic compounds and have a good antioxidant potential thus a good antibacterial
activities and can be used in the pharmaceutical industries against free radicals and in the food

industry in order to to extend the shelf life of food.

.
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I.1. Generalities on Nanomaterials

There are many definitions of the term 'nanomaterial’. In October 2011, the European
Commission proposed a defin ition for the term "nanomaterial” in a recommendation. A
nanomaterial is a natural, accidentally formed or manufactured material containing free
particles, either in aggregate or agglomerate form, of which at least one of the following is
present at least 50 % of the particles in the numerical size distribution have one or more
external dimensions between 1 nm and 100 nm.

This recommendation also states that any material is to be considered as falling within the
above definition if it has a specific surface area in volume greater than (60 m%/cm?).
According to ISO TS 80004-1; a nanomaterial is a material with at least one external
dimension at the nanometer scale, i.e. including approximately between 1 and 100 nm or
which has an internal or surface structure on the nanometer scale.

There are two main families of nanomaterials:

I.1.1. Nano-objects

They are materials with one, two or three external dimensions at the nanoscale, i.e.
approximately 1 and 100 nm. Among the nano-objects, three categories can be distinguished
(Moradi et al., 2019):

a) Nanoparticles, which refer to nano-objects whose three external dimensions are on

the nanometric scale: latex nanoparticles, latex oxide nanoparticles, and zinc, iron and
cerium, alumina, titanium dioxide, calcium carbonate, etc.
Nanoparticles can be prepared from a variety of materials such as proteins,
polysaccharides and synthetic polymers. The selection of matrix materials is
dependent on many factors including : (a) size of nanoparticles required; (b) inherent
properties of the drug, e.g., aqueous solubility and stability; (c) surface characteristics
such as charge and permeability; (d) degree of biodegradability, biocompatibility and
toxicity; (e) (Mohanraj and Chen, 2006);

b) Nanofibres, nanotubes, nanofilaments or nanosticks that refer to nano-objects with
two external dimensions at the scale of nanometric and the third dimension
significantly larger (carbon nanotubes, polyester nanofibres, boron nanotubes, etc.).
These terms are long-line nano-objects with a cross-section between 1 and a few tens
of nm and a length between 500 and 10,000 nm (Christy et al., 2020);

¢) Nano-sheets, nano-plates or nano-wafers, which define nano-objects with an external

dimension at the nanometric scale and both other dimensions are significantly larger

-
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(clay nano-sheets, cadmium selenide nano-platelets, etc.). Nano-objects can be used as

such in powder, liquid suspension or gel form(Wang and Arash, 2014).

I.1.2. Nanostructured materials
Nanostructured materials can be used to distinguish several families among which:

a) Aggregates and agglomerates of nano-objects; Nano-objects can be presented either
in individual form (i.e. in the form of particles primary) or in the form of aggregates or
agglomerates with a size significantly greater than 50 nm(Wang and Arash, 2014).

b) Nanocomposites, These materials are composed for all or part of nano-objects which
give them improved or specific properties of the Nano-objects are embedded in a
matrix or on a surface in order to provide a new functionality or to modify the existing
one certain mechanical, magnetic, thermal properties, etc. Polymers filled with carbon
nanotubes used in the equipment sector an example of nanocomposites are the use of
nanocomposites in sports to improve their mechanical resistance and reduce their
weight(Manias et al., 2001).

c) Nanoporous materials, Silica aerogels are nanoporous materials with nanometric
pore sizes excellent thermal insulation properties(Liang and Jiu-Lin, 2007).

Nanomaterials that are intentionally produced by man for specific applications and have
specific properties are referred to as "nanomaterials™ manufactured nanomaterials™

Some of these manufactured nanomaterials have already been produced for many years in
large tonnages such as titanium dioxide, carbon black, alumina, calcium carbonate or
amorphous silica. Other newer materials are manufactured in smaller quantities such as
carbon nanotubes, quantum dots or dendrimers.

There are also unintentionally produced nanomaterials, sometimes called ultra-fine particles,
produced by certain processes, such as thermal and mechanical emissions such as welding or
thermal spray fumes, combustion engine emissions, etc.

Finally, natural ultra-fine particles are present in our environment, such as volcanic fumes or
viruses. Because of their varied and often unprecedented properties, nanomaterials have very
diverse potential and their uses open up multiple perspectives.

Nanomaterials thus enable incremental and breakthrough innovations in many sectors of
activity such as health, automotive, construction, food processing and electronics(Khin et al.,
2012).

e
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1.2. Classification of Nanoparticles
The nanoparticles are generally classified into the organic, inorganic and carbon based. 2.1.

1.2.1. Organic nanoparticles

Dendrimers, micelles, liposomes and ferritin, etc. are commonly knows the organic
nanoparticles or polymers. These nanoparticles are biodegradable, non-toxic, and some
particles such as micelles and liposomes has a hollow core, also known as nanocapsules and
are sensitive to thermal and electromagnetic radiation such as heat and light. These unique
characteristics makes them an ideal choice for drug delivery. The drug carrying capacity, its
stability and delivery systems, either entrapped drug or adsorbed drug system determines their
field of applications and their efficiency apart from their normal characteristics such as the
size, composition, surface morphology, etc. The organic nanoparticles are most widely used
in the biomedical field for example drug delivery system as they are efficient and also can be
injected on specific parts of the body that is also known as targeted drug delivery(Tiwari et
al., 2008).

1.2.2. Inorganic nanoparticles
Inorganic nanoparticles are particles that are not made up of carbon. Metal and metal oxide

based nanoparticles are generally categorised as inorganic nanoparticles

1.2.3. Metal based

Nanoparticles that are synthesised from metals to nanometric sizes either by destructive or
constructive methods are metal based nanoparticles. Almost all the metals can be synthesised
into their nanoparticles(Salavati-Niasari et al., 2008). The commonly used metals for
nanoparticle synthesis are aluminium (Al), cadmium (Cd), cobalt (Co), copper (Cu), gold
(Au), iron (Fe), lead (Pb), silver (Ag) and zinc (Zn). The nanoparticles have distinctive
properties such sizes as low as 10 to 100nm, surface characteristics like high surface area to
volume ratio, pore size, surface charge and surface charge density, crystalline and amorphous
structures, shapes like spherical and cylindrical and colour, reactivity and sensitivity to

environmental factors such as air, moisture, heat and sunlight etc.

.
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1.2.4. Metal oxides based.

The metal oxide based nanoparticles are synthesised to modify the properties of their
respective metal based nanoparticles, for example nanoparticles of iron (Fe) instantly oxidises
to iron oxide (Fe,Og3) in the presence of oxygen at room temperature that increases its
reactivity compared to iron nanoparticles. Metal oxide nanoparticles are synthesised mainly
due to their increased reactivity and efficiency(Tai et al., 2007). The commonly synthesised
are Aluminium oxide (Al,O3), Cerium oxide (CeOy), Iron oxide (Fe,O3), Magnetite (Fe3Oy4),
Silicon dioxide (SiOy), Titanium oxide (TiO,), Zinc oxide (ZnO). These nanoparticles have

possess an exceptional properties when compared to their metal counterparts.

1.2.5. Carbon based
The nanoparticles made completely of carbon are knows as carbon based (Bhaviripudi et al.,
2007). They can be classified into fullerenes, graphene, carbon nano tubes (CNT), carbon

nanofibers and carbon black and sometimes activated carbon in nano sizes.

1.3. Some application of nanomaterials

The passage of matter to nanometric dimensions reveals unexpected properties that are often
totally different from those of the same materials on a micro or macroscopic scale,
particularly in terms of mechanical resistance, chemical reactivity, electrical conductivity and
fluorescence nanotechnologies therefore lead to the development of materials whose
fundamental properties (chemical, mechanical, optical, biological, etc.) can be modified. For
example, gold is totally inactive at the micrometric scale, whereas it becomes an excellent
catalyst for chemical reactions when it takes on nanometric dimensions.

All the major families of materials are concerned: metals, ceramics, dielectrics, magnetic
oxides, polymers, carbons, etc. Because of their varied and often unprecedented properties,
nanomaterials have very diverse potentialities and their uses open up multiple perspectives.
Nanomaterials thus enable incremental and breakthrough innovations in many sectors of

activity such as health, automotive, construction, food processing and electronics.

.
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Table 1 - Examples of current applications of nanomaterials (INRS 2012):
Examples of current and potential applications

Business sector

Reinforced and lighter materials, exterior paints with a
brighter colour effect, anti-scratch, anti-corrosion and dirt-
Automotive, aeronautics and repellent.
aerospace Sensors optimising engine performance, ice detectors on
aircraft wings, more durable and recyclable tyres. Diesel

additives for better combustion...

High-density memory and miniaturised processors, solar
cells, pocket-sized electronic library, ultra-fast computers,
wireless technology, flat and flexible screens
Active packaging, additives such as dyestuffs, anti-caking
agents and innovative emulsifiers...

Electronics and communication

Food and Agriculture

) ) Pigments, fillers, corrosion inhibitors, multifunctional
Chemistry and materials ] ] ] )
catalysts, antibacterial and ultra-resistant coatings...

. Self-cleaning and anti-pollution cements, anti-fouling
Construction ) ) ) )
glazing. Innovative paints, varnishes and glues...

Medicines and active agents, anti-allergenic medical
Pharmaceuticals and health adhesive surfaces, tailor-made medicines delivered
specifically, biocompatible surfaces for implants. Innovative

vaccines and imaging...

) Transparent sun creams, abrasive toothpaste, make-up from
Cosmetics
better hold...

E New types of batteries, intelligent windows, insulating
nergy . -
materials more efficient...

Reduction of carbon dioxide emissions, production of ultra-
_ violet water
Environment and ecology o o o

from sea water, more efficient pesticides and fertilisers and

less damaging...

Miniaturised monitoring systems, precise guidance systems,
Defence o ] o
textiles light and protective self-repairing .

1.3.1. Nanoparticles for direct application to humans
The Nano register, presented above, is also concerned with substances in the nanoparticulate

state for fields such as pharmacology and medicine. For these fields, the use of
nanotechnologies implies the voluntary contact of nano-objects with the human organism,

.
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which is a key factor in the development of new technologies which leads to slower
development. However, nanomedicine has enormous potential in terms of targeted
approaches(Santhosh and Ulrih, 2013).

With changing lifestyles and an ageing population, diseases such as neurological (Alzheimer's
disease), hepatic (diabetes), cardiac (diabetes), and even more so the cancers, constitute
growing public health problems. Currently, treatments have not yet been developed and
nanotechnologies are a sure way forward to improve targeted therapy and early diagnosis of

these diseases(Boisselier and Astruc, 2009).

I.4. Synthesis of nanoparticles

Nanoparticles can be synthesised using different approaches but essentially by bottom-up and
top-down methods (Figure 1). Through the bottom-up approach nanoparticles are constructed
atom by atom or molecule by molecule. In the large structure is gradually undersized, until it
reaches a height that is nanometric dimensions after application of severe mechanical stress,
shocks, etc. violent and strongly deformed. The two approaches tend to converge in terms of
size of the synthesised particles. The bottom-up approach seems to be richer in the sense that
it allows for the production of a greater diversity of architectures and often better control of
the nanometric state (relatively monodisperse size and particle size distribution, positioning of
the molecules, homogeneity of the products). For its part, although capable of larger
productions, the top-down approach generally makes it possible to control the state of the
nanometrically more delicate.

The British Standards Institute (BSI, 2005) lists no less than 29 commonly used approaches to
the synthesis of manufacture in large quantities of nanoparticles. These approaches are
classified into three main types of processes

- Physical processes (e.g. laser pyrolysis or plasma synthesis)

- Chemical processes (sol-gel techniques) (Leclerc, 2011).

.
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Figure 1.Nanoparticle production: top-down and bottom-up

1.5. Physical methods

1.5. 1. Evaporation/condensation

This method consists of evaporating a metal by heating and then condensing the metal vapour.
in order to obtain nanopowders formed from dispersed nanometric particles. The difficulty of
this technique is the absolute and homogeneous control of particles at the nanometric scale.
The nanoparticles are obtained by very rapid cooling of metal vapour. This process allows the

production of very large quantities of particles(Grover, 1966).

1.5. 2. Laser pyrolysis

Laser pyrolysis is a simple and efficient method for the synthesis of nanometric powders. It is
based on the interaction between a CO, laser and a flow of reagents. The energy transfer
causes a rapid rise in temperature. The "precursor" reagents are dissociated and a flame
appears in which nanoparticles are formed, which then undergo a rapid drop in temperature or
"guenching effect" at the flame exit. The powders are then entrained by a gas flow in a
collection area. In most cases, this collection is done on dry powder(Lewis et al., 1984).

This method has many advantages: high chemical purity of the products, good physical and
chemical homogeneity, fast quenching speed and good flexibility of use (Pirzada and Yadav,
1998).

=



Second Part: Synthesis of alumina nanostructured and biological activities Literature review

1.5. 3. Aerosol method

An aerosol is a set of particles, solid or liquid, of a chemical substance given in suspension in
a gaseous medium. The synthesis of nanoparticles can be obtained by oxidation in flames at
very high temperatures or thermal plasma from gaseous precursors, or liquids brought in
aerosol form (Nasibulin et al., 2005).

The formation of an aerosol does not require a large volume of liquid. The reaction time is
very short and allows pure particles to be obtained with an interesting flow rate and yield.
This process allows the production of several tons per year of titanium dioxide, silica, etc.,

which are used in the production of the raw materials or carbon black (McGraw, 1997).

1.6. Chemical methods

1.6.1. Sol-gel method

The sol-gel process makes it possible to produce an inorganic polymer by chemical reactions
simple, at a temperature between 20 and 150°C. The synthesis is carried out from of
alcoholates of formula M(OR)n where M is a metal or silicon and R is an organic group alkyl
CnHan+1. This reaction takes place in two stages. Firstly, hydrolysis of the precursor and start
of an alkyl group. This step can be catalysed by modifying the pH in the reaction medium.
The dispersion is called the "soil". In a second step, it is produces an inorganic polymerisation
which results in the formation of the "gel”. The "gel” is then dried in order to remove the
aqueous phase with the help of an oven for example(Antonelli and Ying, 1995).

The advantage of this process is the existence of precursors for a large number of metals and
nonmetals. They are either liquid or solid, and for the most part, soluble in common solvents
aqueous or organic. This method allows a good control of the morphology of the
nanoparticles obtained and the production of materials of greater homogeneity and purity at
higher temperatures lower than conventional methods. On the other hand, one of the

disadvantages remains the cost of precursors (Lee et al., 2010b).

1.6.2. Liposome production

The most classic way of preparing liposomes is the so-called hydration of a film. lipidic. This
film is often obtained by evaporation of an organic solvent in which the lipids are dissolved.
The hydration of this film then leads to the separation of bilayer fragments lipidic. The use of
natural phospholipids makes it possible to create systems that mimic the biological

membranes(Baker and Heriot, 2005).

.
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1.6.3. Solvo-thermal and hydro-thermal methods

The solvo-thermal method makes it possible to produce a large number of materials: metals,
ceramics, semiconductors and polymers. This process consists of using a solvent under high
pressure (between 1 atm and 10,000 atm) and at a temperature of between 100 and 1000°C
with autoclave. However, the main disadvantage of such a closed device is the thermal inertia
of the reactor, which must resist the combined effect of temperature and pressure, and the
variations resulting temperatures in the reaction medium. These limitations can be removed
using a continuous device. A wide range of solvents with a high boiling temperature can be
used. This solvo-thermal method ensures better control of size, shape and better quality of the
crystals. When the solvent used is water, this is called the hydrothermal method. The
temperature is then lower. Nanoparticles are generally very well crystallised and do not

require any treatment(Nyankson et al., 2013).

1.7. Biological methods (Biosynthesis) of nanoparticules

Biosynthesis is presented as an alternative method to chemical and biological methods
physical because these methods are often extremely expensive and non-environmental
friendly due to the use of toxic, combustible, and hazardous chemicals, which may pose
potential environmental and biological risk and high energy requirement. Efforts have
therefore been made to synthesise nanoparticles at from biological materials in an aqueous
medium. For example, plant extracts, bacteria, viruses, fungi microorganisms and proteins

have been used to synthesise nanoparticles of various shapes and sizes(Awwad et al., 2013).
1.7.1. Biological Synthesis of Nanoparticles by Microorganisms
1.7.1.1. Biological Synthesis of Nanoparticles by Bacteria

Biological entities and inorganic materials have been in constant touch with each other ever
since inception of life on the earth. Due to this regular interaction, life could sustain on this
planet with a well-organized deposit of minerals. Recently scientists become more and more
interested in the interaction between inorganic molecules and biological species. Microbial
synthesis with rich biodiversity of microbes, using simple microbial cultivation, under
cellular, biochemical and molecular mechanisms, the rate of synthesis and improvement in
nanoparticle properties of can be achieved(Narayanan and Sakthivel, 2010). Microbial and

metal interaction is well recognized in biotechnological processes, such as bioleaching,

.
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biomineralization, biocorrosion, bioreduction and bioremediation(Narayanan and Sakthivel,
2010; Rajeshkumar et al., 2014). The properties of nanostructured mineral crystals and
metallic nanoparticles produced by microbes are similar to chemically synthesized nano-
materials (Gericke and Pinches, 2006).Many unicellular and multicellular organisms, such as
bacteria (prokaryotes), fungi (eukaryotes) and viruses, produce either intracellular or
extracellular inorganic materials(Thakkar et al., 2010). The formation of these inorganic
materials to an extent can be manipulated for the shape and size by controlling the culture
parameters. The mechanism of intracellular and extracellular production of nano-materials is
different across varied microbes(Mandal et al.,, 2006). The intracellular mechanisms
involvepositive metal ions transportation into the cell wall by interaction with negative ions of
the cell wall. Further, enzymes of cell wall reduce the metal ion into nanoparticles, and later,
these nanoparticles diffuse across the cell wall of bacteria. In case of fungi, the extracellular
production of nanoparticle is nitrate reductase-mediated synthesis in the presence of enzyme
nitrate, which helps with bio-reduction of metal ions into nanoparticles (Hulkoti and Taranath,
2014).

1.7.1.2. Biological Synthesis of Nanoparticles by Fungal

Rational synthesis of nanoparticles by fungi holds advantages over the bacteria. Using fungi,
it is possible to synthesize nanoparticles with nanoscale dimension and with more tolerable
monodispersity in comparison with those synthesized by bacteria. Fungi have potential
strategies for extracellular synthesis of nanoparticle for greater commercial viability.
Fusarium oxysporum in the presence of aqueous AuCl, - ions with NADH-enzyme-mediated
reaction releases reducing agents into the solution for the formation of gold nanoparticles. The
synthesized nanoparticles show long-term stability in solution, due to the protein binding
through linkage of cysteine and lysine residue. Because of this property, immobilization on
matrices or thin-films for optoelectronic and nonlinear optical application is possible (Yong et
al., 2002).

In comparison with other fungal species, F. oxysporum is capable of hydrolyzing never
encountered metals and in the presence of K,ZrFg aqueous solution, crystalline zirconia
nanoparticles are formed. The fungus can also synthesize silica and titania nanoparticles in the
presence of aqueous anionic complexes of Si and Ti, respectively. The fungal biological
system possesses regenerative capability with eco-friendly and energy-conserving nature for

large-scale synthesis of metal nanoparticles for possible commercial viability(Bansal et al.,

.
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2005) F. oxysporum can carry out extracellular synthesis of Au—Ag nanoparticles at varying
molar fraction when exposed to equimolar solution of AuCl, and AgNO; (Senapati et al.,
2005), and in some cases it can also synthesize platinum nanoparticles through inter- and
extracellular formation in the presence of hexachloroplatinic acid (H,PtClg) (Riddin et al.,
2006). Various bacteria, fungi and yeasts isolated from soil and metal-rich dump samples
were used to manipulate the size and shape of gold nanoparticles by altering the pH and
temperature during growth conditions. Two fungi, Verticillium luteoalbum and isolate 6-3
produced variety of nanoparticle shape by varying the pH, and with low operating
temperature, the size of nanoparticle can be controlled(Rajeshkumar et al., 2014). Aspergillus
flavus demonstrated synthesis of monodispersed silver nanoparticles with average particle
size of 8.92 nm, and it also possessed ‘sil’ gene in plasmids for reduction of silver ions for
large-scale production (Vigneshwaran et al., 2007). C. versicolor, a white-rot fungus,
produced silver nanoparticles, via intra and extracellular mode in the absence of surfactants
and linking agents. The silver nanoparticles synthesized by fungus in the presence of glucose
as stabilizing agents had potential applications as water-soluble metallic catalysts for living
cells(Sanghi and Verma, 2009).

1.7.1.3. Biological Synthesis of Nanoparticles by Yeast

The numerous publications have revealed that all yeast genera can accumulate different heavy
metals. They have the ability to accumulate significant amounts of highly toxic metals.
Enzymatic oxidation or reduction, sorption at the cell wall and in some cases consequent
chelating with extracellular peptides or polysaccharides, controlled cell membrane transport
of heavy metals towards or their active efflux from the cell are the different mechanisms
developed by these species overcoming the toxic effects of heavy metals(Breierova et al.,
2002) Stringent control of intracellular metal ions is required by yeast cells to avoid negative
or lethal effects. Toxicity to the cells results due to over storage of essential metals ions or by
the exposure of the cell to metals which do not have any biological significance such as
mercury, lead or cadmium. The considerable variations in size, particle location,
monodispersity and properties are due to different mechanisms employed by yeast strains of
different genera for nanoparticle synthesis. Detoxification mechanisms in yeast cells is
brought about by GSH (glutathione) and two groups of metal-binding ligandsmetallothioneins
and phytochelatins (PC). In most of the yeast species studied, these molecules determine the

mechanism for the formation of nanoparticles and stabilize the complexes. The capacity of

.
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yeast cell to change the absorbed metal ions into complex polymer compounds that are not

toxic to the cell is defined as resistance(Breierova et al., 2002).

1.7.2. Biological Synthesis of Nanoparticles by plant

(Mittal et al., 2013), reviewed that biomolecules present in plant extracts can be used to
reduce metal ions to nanoparticles in a single-step green synthesis process. This biogenic
reduction of metal ion to base metal is quite rapid, readily conducted at room temperature and
pressure, and easily scaled up. Synthesis mediated by plant extracts is environmentally
benign. The reducing agents involved include the various water soluble plant metabolites
(e.g., alkaloids, phenolic compounds, and terpenoids) and coenzymes. Silver (Ag) and gold
(Au) nanoparticles have been the particular focus of plant-based syntheses. Extracts of a
diverse range of plant species have been successfully used in making nanoparticles. In
addition to plant extracts, live plants can be used for the synthesis. The use of plant extracts
for making metallic nanoparticles is inexpensive, easily scaled up, and environmentally
benign. It is especially suited for making nanoparticles that must be free of toxic contaminants
as required in therapeutic applications. The plant extract based synthesis can provide
nanoparticles of a controlled size and morphology. In medicine, nanoparticles are being used
as antimicrobial agents, for example, in bandages. Applications in targeted drug delivery and

clinical diagnostics are developing.

1.7.3. Biological Synthesis of Nanoparticles by marine algae

There is a very little literature supporting the use of marine algae in nanoparticle synthesis.
The brown seaweed Sargassum wightii is reportedly capable of synthesizing gold
nanoparticles with a size ranging between 8 and 12 nm. An important potential benefit of the
synthesis is that the nanoparticles are quite stable (Singaravelu et al., 2007). Another brown
seaweed Fucus vesiculosus is reported to have an ability of gold biosorption and bioreduction,
as an environmental friendly process that can be used for recovering gold from dilute
hydrometallurgical solutions and leachates of electronic scraps, and for the synthesis of gold
nanoparticles of different size and shape(Mata et al., 2009). Similarly, the extracellular
synthesis of silver nanoparticles by the brown seaweed Sargassum wightii and their
antibacterial effects are registered(Govindaraju et al., 2009). In addition to antibacterial
activity, the nanoparticles synthesized by seaweed extracts do have stabilizing effect on cotton
fabrics(Sheeba and Thambidurai, 2009). Fucoidan is an algal polysaccharide, reported to

.



Second Part: Synthesis of alumina nanostructured and biological activities Literature review

stabilize gold particles and this green synthesis using natural fucoidans will provide an
alternative to chemical method. The red seaweed Gelidiella acerosa is reported to have the
potential of synthesizing antifungal silver nanoparticles (Vivek et al., 2011). Recently, Rajesh
et al.(2012). . have reported the synthesis of silver nanoparticles using Ulva fasciata extract
as a reducing agent and this nanoparticles inhibited the growth of Xanthomonas campestris
pv. malvacearumin addition to seaweeds,microalgae such as diatoms (Navicula atomus,
Diadesmis gallica) have the ability to synthesize gold nanoparticles, gold, and silica—gold
bionanocomposites (Schrofel et al., 2011). The diatom Stauroneis sp. was used for the
preparation of silicon—germanium nanocomposite and this method of nanocomposite
preparation has great importance for possible future applications due to its accessibility,
simplicity and effectiveness (Ali et al., 2011).

.
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1.8. Generalities on Alumina (Al,O3)

Aluminium oxide is an amphoteric oxide of aluminium with the chemical formula Al ,0s.

It is also commonly referred to as alumina or aloxite in the mining, ceramic materials science
communities. It is produced by the Bayer process from bauxite. Its most significant use is in
the production of aluminium metal, although it is also used as abrasive, due to its hardness,
and as a refractory material due to its high melting point. Corundum is the most common
naturally-occurring crystalline form of aluminium oxide. Much less-common rubies and
sapphires are gem-quality forms of corundum with their characteristic colours due to trace
impurities in the corundum structure. Rubies are given their characteristic deep red colour and
their laser qualities by traces of the metallic element chromium. Sapphires are in different

colours given by various other impurities, such as iron and titanium.

1.8.1. Properties of Alumina (Al,O3)

Aluminium oxide is an electrical insulator but has a relatively high thermal conductivity (40
W/m K). In its most commonly occurring crystalline form, called corundum or

a-aluminium oxide, its hardness makes it suitable for use as an abrasive and as a component
in cutting tools. Aluminium oxide is responsible for metallic aluminium's resistance to
wearing. Metallic aluminium is very reactive with atmospheric oxygen, and a thin passivation
layer of alumina quickly forms on any exposed aluminium surface. This layer protects the
metal from further oxidation. The thickness and properties of this oxide layer can be enhanced
using a process called anodising. A number of alloys, such as aluminium bronzes, exploit this
property by including a proportion of aluminium in the alloy to enhance corrosion resistance.
The alumina generated by anodising is typically amorphous, but discharge assisted oxidation
processes such as plasma electrolytic oxidation result in a significant proportion of crystalline
alumina in the coating, enhancing its hardness. Aluminium oxide was taken off the United
States Environmental Protection Agency's chemicals lists in 1988.

Aluminium oxide, also known as alumina, is the main component of bauxite, the principal ore
of aluminium. The largest manufacturers in the world of alumina are Alcoa, Alcan and Rusal.
Companies which are specialized in the production of special aluminium oxides and
aluminium hydroxides. The bauxite is made up of impure Al,O3, Fe,O3, and SiO,. Bauxite is

purified by the Bayer process (Hind et al., 1999)

.
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Al,O3; + 3 H,0O +2NaOH — 2 NaAl(OH),
The Fe,03 does not dissolve in the base. The SiO, dissolves as silicate Si(OH)s>".

Upon filtering, Fe O3 is removed. When the Bayer liquor is cooled, AI(OH)3; precipitates,
leaving the silicates in solution. The mixture is then calcined (heated strongly) to give

aluminium oxide:
2 AlI(OH); + Heat — Al,03 + 3H,0

The alumina formed tends to be multi-phase, i.e. constituting several of the alumina phases
rather than solely corundum. The production process can therefore be optimized to produce a
tailored product. The type of phases present affects, for example, the solubility and pore
structure of the alumina product which, in turn, affects the cost of aluminium production and

pollution control.
1.8.1.1. Structure of Alumina (Al,O3)

The crystal system of corundum (a-Alumina) is a trigonal Bravais lattice with a space group
R-3c, 2 formula units per unit cell of aluminium oxide, but is most commonly referred to a
slightly distorted hexagonal close-packing of oxygen ions, or a larger hexagonal cell with 6
formula units, as we can observe in the Figure 1. Alumina has also other phases
(v,0,£m,0,%...), all corresponding to the Al,O3 formula, but the only one that its thermo stable
is the a-Alumina. The electro negativity of alumina is 2, with a 63% of ionic character and
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Figure 2: Scheme of the crystal structure of Al,O3 ( Wikipedia:

https://en.wikipedia.org/wiki/Aluminium_oxide )
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1.8.1.2. Electrical and chemical properties of Alumina (Al,O3)

Alumina has a very interesting combination of mechanical, electrical and chemical properties.
Mechanically is very hard, resistant to abrasive wear and dimensional stable. Electrically it
has high resistivity, good dielectric strength and low dielectric loss factor at high frequencies.
It is inert against from chemicals, maintaining characteristics at high temperature(Peelen,
1977). The melting temperature is 2030-2050 °C, boiling temperature: 3500 °C, thermal
conductivity “k” is 30.1 W/m.K, the lineal dilatation coefficient is 8.3 - 9 X 10 °C, thermal
conductivity 10-10 — 10™*? (Q.m)?, the tensile strength is 380 GPa, Poison coefficient of 0.26,
hardness of 18-23 HV (GPa), ultimate strength of 200 - 345 MPa and a density of 3.97 g/cma3.
The good properties of the elastic modulus and flexural strength at high temperatures can
provide the increase of mechanical properties at higher temperatures for the elected alloy.

Because of that we want to explore the potential application of Al,Os in the reinforced alloys.
1.8.2. Aluminium oxide nanoparticles

Aluminium oxide nanoparticles have important applications in ceramic industry and can be
used as an abrasive material, in heterogeneous catalysis, as an absorbent, a biomaterial and as
reinforcements of metal-matrix composites (MMCs). In order to be used for effective

discontinuous reinforcements in a continuous metal-matrix, Al,O3

Nanosized aluminium oxide (nanosized alumina) occurs in the form of spherical or nearly

spherical nanoparticles, and in the form of oriented or undirected fibers.

particles have to fulfil certain structural and morphological requirements: small particle size
and narrow size distribution, large surface area, spherical morphology and the absence of
agglomerates. As far as the hot wall aerosol synthesis method (Spray Pyrolysis), as basic
chemical route for obtaining advanced materials, is concerned, it offers several advantages in
the preparation of well-defined oxide powders over conventional synthesis(Martin et al.,
2008).

Reducing the sizes of low dimensional materials leads to dramatic increase in the portion of
surface/interface atoms. The properties of a solid are essentially controlled by related
surface/interface energies. Although such changes are believed to dominate behaviours of
nanoscale structures, little experience or intuition for the expected phenomena, especially for
the size-dependence of the energies and their practical implications, are modelled analytically.

The classic thermodynamics as a powerful traditional theoretical tool is used to model

.
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different bulk interface energies and the corresponding size dependences. During the
modelling, an emphasis on size dependences of the interface energies is given, which is
induced by size dependence of coherent energy of atoms within nanocrystals. It is found that
solid—vapour interface energy, liquid—vapour interface energy, solid-liquid interface energy,
and solid—solid interface energy of nanoparticles and thin films fall as their diameters or
thickness decrease to several nanometres while the solid—vapour interface energy ratio
between different facets is size-independent and equals to the corresponding bulk value.
Predictions of the established analytic models without any free parameters, such as size and
temperature, dependences of these four kinds of interface energies and related surface stress,
correspond to experimental or other theoretical results. The established models are suitable for
low dimensional materials with different dimensions and different chemical bond natures.
Moreover, several related applications in the fields of nanophase transitions, nanocrystal

growth, and self-diffusion of liquids are known (Jiang and Lu, 2008)

The major uses of special aluminium oxides are in refractories, ceramics, polishing and
abrasive applications. Large tonnages are also used in the manufacture of zeolites, coating
titania pigments, and as fire retardant /smoke suppressants. Alumina is a medium for chemical
chromatography, available in basic (pH 9.5), acidic (pH 4.5 when in water) and neutral
formulations. In lighting, GE developed "Lucalox™ in 1961, a transparent alumina used in

sodium vapor lamps.

Alumina production worldwide from 2010 to 2019 (in 1,000 metric tons)

150 000

1280382 1297273 1294311

125 000 119.880.1
115574.7

105 437.1

101 137.6

100 000 94 743.7

90 768.6

75000

50 000

Production in thousand metric tons

25 000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Additienal Information:
Worldwide: World Bureau of Metal Statistics: IAl; 2010 to 2019

Figure 3. Alumina production worldwide from 2010 to 2019 (in 1,000 metric tons) (source:
https://www.statista.com/)
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Production of alumina worldwide in 2019, by country (in 1,000 metric tons)*
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Figure 4. Alumina production worldwide in 2019, by country, (source:
https://www.statista.com/)
The statistic in Figure 2 shows the total production of alumina (aluminum(lll) oxide)

worldwide, from 2010 to 2019. Alumina is the most commonly occurring of the aluminum
oxides, and is refined to produce aluminum. In 2019, the global production of alumina

amounted to 129.4 million metric tons(Martin et al., 2008).

Aluminium oxide is also used in preparation of coating suspensions in compact fluorescent
lamps. Health and medical applications include it as a material in hip replacements. It is used
in water filters (derived water treatment chemicals such as aluminium sulfate, aluminium
chlorohydrate and sodium aluminate, are one of the few methods available to filter water-
soluble fluorides out of water). It is also used in toothpaste formulations. Most pre-finished
wood flooring now uses aluminium oxide as a hard protective coating. In 2004, developed
technique for making a ceramic composed of aluminium oxide and rare earth elements to
produce a strong glass called transparent alumina. Alumina can be grown as a coating on
aluminium by anodizing or by plasma electrolytic oxidation. Its strength and abrasive
characteristics are due to aluminium oxide's great hardness (position 9 on the Mohs scale of

mineral hardness). It is widely used as a coarse or fine abrasive, including as a much less
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expensive substitute for industrial diamond. Many types of sandpaper use aluminium oxide
crystals. In addition, its low heat retention and low specific heat make it widely used in
grinding operations, particularly cutoff tools. As the powdery abrasive mineral aloxite, it is a
major component, along with silica, of the cue tip "chalk" used in billiards. Aluminium oxide
powder is used in some CD/DVD polishing and scratch-repair Kits. Its polishing qualities are
also behind its use in toothpaste. Is also widely used in the fabrication of superconducting
devices, particularly single electron transistors and superconducting quantum interference
devices (SQUID), where it is used to form highly resistive quantum tunnelling
barriers(Laachachi et al., 2009).

Nano-Al,O3 with small size, high activity and low melting temperature, it can be used for
producing synthetic sapphire with the method of thermal melting techniques; the g-phase
nano-Al,O; with large surface area and high catalytic activity, it can be made into
microporous spherical structure or honeycomb structure of catalytic materials. These kinds of
structures can be excellent catalyst carriers. If used as industrial catalysts, they will be the
main materials for petroleum refining, petrochemical and automotive exhaust purification. In

addition, the g-phase nano-Al,O3 can be used as analytical reagent(Touzin et al., 2010).

Alumina nanoparticles have important applications in ceramic industry and can be used as an
abrasive material, in heterogeneous catalysis, as an absorbent, a biomaterial and as
reinforcements of metal-matrix composites (MMCs). Particles have to fulfil certain structural
and morphological requirements: small particle size and narrow size distribution, large
surface area, spherical morphology and the absence of agglomerates. As far as the hot wall
aerosol synthesis method (Spray Pyrolysis), as basic chemical route for obtaining advanced
materials, is concerned, it offers several advantages in the preparation of well-defined oxide
powders over conventional synthesis(Martin et al., 2008). Alumina is also widely used in the
fire retard, catalyst, insulator, surface protective coating, and composite materials (Luki¢ et
al., 2009);(Touzin et al., 2010);(Keyvani et al., 2010).

1.8.3. Synthesis of Aluminium oxide nanoparticles

Aluminium oxide nanoparticles can be synthesized by many techniques including ball
milling, sol-gel, pyrolysis, sputtering, hydrothermal, and laser ablation (Kavitha and Jayaram,
2006; Mirjalili et al., 2010; Qu et al., 2005; Reid et al., 2008). Among them, the laser ablation
is a widely used technique for the synthesis of nanoparticles since it can be synthesized in gas,

vacuum or liquid. This technique offers several advantages such as rapid and high purity

.
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process compared with other methods(Kruusing, 2010). Furthermore, nanoparticles prepared
by the laser ablation of materials in liquid are easier to be collected than those of in gas
atmosphere.

In the recent years, Al,O3; nanoparticles were synthesized in liquid using a short pulse laser
with the pulse width in the range of nanosecond (Liu et al., 2010; Yan et al., 2010). The
synthesis of Al,O3 from Al powders using laser ablation in deionized water with a long pulsed
Nd:YAG laser. The laser pulse widths adopted in this work were 2.5, 6, and 9.5 ms to obtain
the output laser energies of 1, 3, and 5 J, respectively. The particle size and morphology of
synthesized nanoparticles obtained at different laser energies were investigated by field
emission scanning electron microscopy (FE-SEM). The optical property of synthesized
nanoparticles was carried out using UV-visible spectroscopy. The structure of the synthesized
nanoparticles was investigated using X-ray diffraction (XRD) technique (Piriyawong et al.,
2012).

Out of all the methods, sol-gel method proved more helpful to obtain well shaped materials
with designed texture and composition at low processing temperatures (Rajaeiyan and
Bagheri-Mohagheghi, 2013). The literature survey reveals that Al,O3; was synthesized by sol-
gel method using different precursor viz. aluminum triisopropylate in a hydrolysis system
consisting of octanol and acetonitrile, aluminum nitrate in aqueous medium, aluminum

secondary butoxide in an alcoholic medium (Liu et al., 2010; Mirjalili et al., 2010).
1.8.3. 1. Alumina Sol-Gel

The common solution-gelation route to aluminum oxides employs aluminum hydroxide or
hydroxide-based material as the solid colloid, the second phase being water and/or an organic
solvent. Aluminum hydroxide gels have traditionally been prepared by the neutralization of a
concentrated aluminum salt solution; however, the strong interactions of the freshly
precipitated alumina gels with ions from the precursors solutions makes it difficult to prepare
these gels in pure form. To avoid this complication alumina gels may be prepared from the

hydrolysis of aluminum alkoxides, Al(OR)s.

AI(OR); _H,Q , Algel __A , AlO;

Although this method was originally reported in 1922, it was not until the 1970's that alumina
aerogels were prepared, and transparent ceramic bodies were obtained by the pyrolysis of

suitable alumina gels, that interest increased significantly. There have been several efforts to

.
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improve the processing control of sol-gels (including development of environmentally benign
routes), however, we proposed that without an understanding of the structure of these
materials any further development was limited(Saha, 1994).

1.9. Some application of alumina nanoparicules

1.9.1. Antimicrobial activity of alumina oxide nanoparticles

Alumina nanoparticles are thermodynamically stable particles over a wide temperature range.
They are corundum like structure with oxygen atoms adopting hexagonal close packing with
alumina ions filling two thirds of the octahedral sites in the lattice(Sadiq et al., 2009)
Murdock et al. (2008) have observed that the particle behaviour was also influenced by
particle size, shape and surface charge. Nanoparticles tend to aggregate in hard water and
seawater due to particle interaction with organic matter present in water. Aggregations of
particle are also influenced by pH and salinity, which state the dispersion ability of particles
in the suspension that lead to alter toxicity assessment. Before implementing toxicity studies
certain important parameters have to be taken into consideration such as particle size, size
distribution, morphology, composition, surface area, surface chemistry and particle reactivity
in solution which need to be accurately characterized as prerequisites.

Bala et al.(2011), synthesized alumina-silver composite nanoparticles by a simple,
reproducible, wet chemical method, with the surface of the oxides modified with oleic acid.
Preliminary antibacterial studies performed using disc diffusion assays against E. coli DHS5a
and Staphylococcus epidermidis NCIMB 12721 suggested that the composite nanomaterials
have immense potential as antimicrobial agents. Some research group have carried out
extensive studies on the antibacterial behaviour of these nanoparticles. The investigated of
antibacterial effect of alumina towards E. coli and growth inhibition was studied at varying
concentrations of alumina. To ascertain whether the antibacterial activity was due to particles
in the broth or due to the specific interactions with bacterial cellular components, a growth
reversibility study was performed. We observed a negligible dependence of growth rate with
the concentration of the nanoparticles. The growth reversibility studies indicated a significant
retardation in growth of recultured E. coli cells which had prior exposure to the nanoparticles.
A decrease in the extracellular protein content after nanoparticle exposure was also observed
as indicated by protein assays and FTIR studies. The results indicated that alumina
nanoparticles had a mild inhibitory effect against E. coli at high concentrations upto 1000
pg/ml (Sadiq et al., 2009).

.
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In their study, Jiang et al.(2009), observed that dissolved metal ions were not present in a
measurable quantity in the supernatant of the suspension thus ruling out the role of aluminum
ions in nanoparticle mediated toxicity. They observed that the nanoparticles attached to the
surface of the bacteria due to surface charge; bacterial surface was negative while alumina
nanoparticles were positive at the pH studied.

Sadiq et al.(2009), They investigated the difference in toxic response of micron sized and
nano sized alumina towards Scenedesmus sp. and Chlorella sp. A growth inhibitory effect of
the nanoparticle was observed against both the species and an evident decrease in the
chlorophyll content was also observed in the cells treated with nanoparticles. An interaction
of the nanoparticles with the cell surface was suggested as the possible mechanism for the

toxicity.

1.9.2. Use of alumina nanoparticles in potential clinical applications

1.9.2. 1. In membranes

Recently polyethersulfone/ aluminium oxide membranes with higher porosity have been
developed for drug delivery applications(Maximous et al., 2009). Another notable study
observed that the addition of alumina nanoparticles to PVDF membranes led to the effective
improvement of the membrane performance. The study observed that with increased alumina
concentrations, the water permeate fluxes, mechanical properties as well as the hydrophilicity
increased(Yan et al., 2006)

1.9.2. 1. Drug delivery

Most of the drugs are delivered into the body predominantly using the oral or intravenous
route. However other strategies need to be adopted to deliver drugs containing biological
agents such as proteins and this is when nanoparticles come into play(Mukherjee et al., 2011).
Alumina nanoparticles are also considered for drug delivery applications due to their potential
scavenging behaviour. The scavenging property has been related to their ability to act as
direct antioxidants, block ROS production and also cause a reduction in ROS production
(Parveen et al., 2012).

1.9.2. 2. Use of alumina nanoparticles as insecticide powder

Nanostructured alumina (NSA), characterized by large aggregates of 40-60 nm particles with

a large specific surface area 14 m2 x g ™. Mimani and Patil.(2001), have recently discovered

.
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as a contact insecticide. NSA is supposed to have a detrimental effect on insect water balance,
similarly to microparticulate insecticidal inert dusts (IDs) in general(Stadler et al., 2012). The
discovery of NSA’s insecticidal activity opens new frontiers in pest management since the
efficacy of NSA similar(Athanassiou et al., 2006) or greater than that obtained through some
commercial diatomaceous earth (Stadler et al., 2010). Also, long term treatments with NSA at
low concentrations (62.5 ppm) were more effective in reducing rice weevils, Sitophilus oryzae
(L.) (Coleoptera Dryophthoridae), progeny than commercially available microparticulate 1Ds
for different humidity levels(Stadler et al., 2012). Although dehydration appears to be the
main cause of mortality. NSA particles dehydrate the insect by attaching to their cuticle via
triboelectric forces and by surface area effect sorbs its wax layer. Along with their
hydrophobic behavior, these abrasive particles also cause splits and scratches on insect
bodies(Teodoro et al.(2017), Buteler et al.(2015)). Moreover, the striking differences observed
in efficacy of insecticide dusts from different sources, among different insect species, and
bioassay conditions(Athanassiou et al., 2016) mineral composition and type of
formulation(latrou et al., 2010; Subramanyam and Roesli, 2000) suggest a complex action
mechanism involving several phenomena. Thus, investigations in this direction are necessary
in order to understand all the factors involved in IDs efficacy and to determine if
nanoparticulate materials have analogous insecticide mechanism of action as mi-

croparticulate materials.
1.9.2. 3. Use nanoparticules in plant growth and development

Farmers used conventional chemicals for controlling pests and pathogens, which had a drastic
impact on the environment as well as on the farmer’s economy, because upon application
90% was lost as runoff or into the air (Thul and Sarangi, 2015).Release of pesticides and
insecticides through a nano-scaled delivery system led to the application of these chemicals

only when the need arises (Gruére et al., 2011).

Toxicity and accumulation of nanoparticles have led to the necessity to search for
biodegradation pathways for nanoparticles and their impacts on living species, including the

natural structures and functions as well as artificial biocenoses (Krysanov et al., 2010).

Use of nanoparticles is still a fresh and new approach, which needs further study and research
for proper understanding and implementation of their properties for the betterment of food
and crop as well as in other fields of science. Nanotechnology is a niche area which still needs

.
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a thorough understanding, but it is sure to expand its boundaries, including agriculture and

allied sectors, providing immense benefits.

Nanoparticles have gained demand in the agricultural and medical fields due to their unique
physicochemical properties, including ability to penetrate, larger surface area and chemically
active. With the increase in demand they have also become potential threats to the

environment (Galhotra, 2010).

Plant transport pathways play a vital role in the entry of nanoparticles into plants as well as
into the surrounding environment. They were transferred through protoplasts, intact plants and
dissected organs(Wang et al., 2016). Nanoparticle entry into plant cells largely depends on the
species of plant and the nanoparticle properties and is obstructed due to its cell wall(Singh et
al., 2015). Entry through the plant cell wall occurs either through engulfing, endosome
formation or through sieving mechanism. Entry of ENPs occurs either by way of organs and
tissues above the ground level, i.e. stomata, hydathodes, cuticles, stigma and trichomes, or by
the root tissues, as well as through junctions and injuries (Wang et al., 2016).

A plant cell wall has pores with diameters in the range of 5-20 nm. Usually, through the cell
wall water molecule as well as solute accretion occurs, this is due to the porous

polysaccharide fibre matrix of the cell wall (Tripathi et al., 2017).

Thus, for efficient entry into the plant cell wall, the size of the nanoparticles should be less
than the cell wall pore diameter. The efficient passage of these nanoparticles through the
pores enables them to extend towards the plasma membrane. The pore size of the cell wall can
even be enlarged upon association with engineered nanoparticles, thereby favouring the
uptake of nanoparticles(Nair et al., 2010). Plants grown in soil as well as on sand depicted no

uptake or minimal uptake of nanoparticles.
Therefore plant cells are grown on growth medium for the uptake of nanoparticles.

The low or no uptake of nanoparticles by soil- and sand-grown plants is due to the adhesion of
metal oxide nanoparticles (Singh et al., 2015). The growth medium varies with different types
of nanoparticle uptake. The ion channels and carrier proteins which are embedded in the
membrane also lead to the transport of nanoparticles across the membranes in the cell.
Nanoparticle entry into the plant cells is therefore an active transport process which is
regulated by various cellular mechanisms, including signal transfer, plasma membrane

regulation and recycling (Tripathi et al., 2017). When applied on the surface of leaves,
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the entry of nanoparticles is governed either by the stomatal openings, by the trichomes or by
cuticular routes which accumulate and are then transported to the varying plant tissues, which

is described as a top-down movement.

After penetration into the root’s epidermal cell wall and membrane, the nanoparticles enter
the vascular bundles through a series of steps. To achieve the crossing of nanoparticles into
the cell membrane, it is necessary for the nanoparticles to undergo passive integration from
the endodermal apoplast (Tripathi et al., 2017). The penetration into the seed coat occurs by
uptake through parenchymatous spaces and is regulated by the aquaporins present in the seed,
which thereby enhances liquid diffusion into the cotyledons(Wang et al., 2016). Entry of
nanoparticles through the vascular system or lateral root sites occurs due to incomplete

formation or breakdown of Casparian strips, respectively.
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Il. Material and methods

I1.1. Nanostructured alumina (NSA) preparation

NSA was prepared by the method described by Li et al.(2006) with little modifications. A
preliminary solution was prepared by sol-gel method as follows: aluminium nitrate (0.5 M)
and 1, 4-butandiol (50 mL) were gradually added to 200 mL 1:1 water-ethanol solution. Then
the solution was placed on a hot plate at 40 °C for 30 min. citric acid (0.55 mL) dissolved in
deionized water (40 mL), were added to the solution and continuously stirred until a colloidal
solution was prepared. The obtained solution was heated in a water bath at 80 °C for 18 h to
evaporate the solvent and then placed on a hot plate at 120 °C for 4 h until the viscosity and
colour changed as the solution turned into a transparent stick gel. The obtained sol-gel
precursors were then dried at 200 °C for 12 h in an oven and grinded into powders. Finally,

the pale brown powder obtained after gel drying, was heated at 1000 °C for 1 h.

11.2. Characterization of NSA

The NSA obtained by sol-gel method was characterized by X-ray diffraction (XRD),
Scanning Electron Microscopy (SEM) with Energy Dispersive X-Ray Analysis (EDX)
microanalysis and Fourier Transform Infrared Spectroscopy (FT-IR spectroscopy) analyses.
The XRD analysis is one of the most widely used, empirical evidence to estimate the
cristalline size of nanoparticles (Guczi et al., 2003; Lemine, 2009). The structure of NSA
particles was investigated using a X'Pert Analytical type MPD multi-purpose X-ray
diffraction system piloted by the X’Pert HighScore software (Malvern Panalytical Ltd,
Malvern, UK) to display, treat, index, and match the diffraction data to known phases.

FT-IR spectroscopy analysis of NSA was carried out using a Iraffinity-1 infrared
spectrophotometer (Shimadzu, Kyoto, Japan) over the range of 4000 to 400 cm™. The analysis
was carrying out at room temperature on KBr discs made up of 10 mg of NSA samples mixed
in about 150 mg of ground KBr (IR grade, >99%). The powder was pressed into pellets (& =
10 mm) with low pressure (~1.5 psi) (Dablemont et al., 2008)

11.2.1. Scanning Electron Microscopy (SEM) with Energy Dispersive X-Ray Analysis
(EDX) microanalysis

SEM-EDX microanalysis were performed on NSA to confirm their composition and
on the leaves of the plants obtained from seeds treated with NSA to assess the contamination
of the plants by NSA. For the NSA microanalysis, a little amount of the powder was adhered

to a aluminium stub using carbon tape glued on both sides and were directly put on the stage
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of the electron microscopy chamber. Five lectures of the elemental composition were
performed on five different particles of the sample. As for the plant, five leaf samples (1 cm?)
were cut from fresh leaves of P. Vulgaris var. “Piattelli” obtained from seeds treated or not
treated with 240 mg NSA and grown as reported above. The samples were individually
attached to aluminium stubs using carbon tape glued on both sides and were directly put on
the stage of the electron microscopy chamber. Samples were then analysed using the
environmental scanning electron microscopy (ESEM) (FEI Quanta 200, Netherlands). The
elemental analysis was obtained by an energy-dispersive X- ray analysis (EDX) system
performed in the ESEM chamber using a Bruker X-Flash 6/30 Detector. The chamber
pressure and accelerating voltage were 130 Pa and 10 kV, respectively.

11.3. Insect rearing

Oryzaephilus surinamensis (L.), Stegobium paniceum (L.), and Tribolium confusum
(du Val) were reared at room temperature, 65% Humidity, natural photoperiod, in PVC boxes
(20 x 25 x 15 cm) containing chickpeas, beans, maize, and wheat grains and covered by a
nylon net allowing air exchange. Adults mixed sex (about 7 days old) were used for the

bioassays(Bougherra et al., 2015).

I1.4. Insecticidal activity of NSA

The insecticidal efficacy was tested mixing the NSA with the beans at the doses of 0
(control), 25, 50, 100,200, and 400 mg Kgof seeds. Phaseolus vulgaris L. var. “Piattelli”
seeds were shaken manually for 10 minutes with each dose of NSA in a glass jar (750mL) to
achieve an even distribution in the entire seeds mass. Then, 10 unsexed adults of each insect
species were added into each jar. The jars were placed in an incubator at 27+1°C, 60% RH
and in the darkness. The mortality percentage was then determined after 3, 6, 9, 12, and 16
days. The insects were considered dead when no leg or antenna movements were observed
visually after prodding them with a fine brush. Depending on the number of speciments
available, five (O. surinamensis and T. confusum) or three (S. paniceum) replications for each

NSA dose were performed.
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Oryzeaphilus surinamensis ibolium confusum Stegobium paniceum

11.5. Effects of NSA on P. Vulgaris
11.5.1. In vitro tests

Seeds of P. vulgaris var. “Piattelli” uniform in size were checked for their viability by
suspending them in deionized water. The seeds were then surface sterilized in a 10% sodium
hypochlorite solution for 10 minutes and rinsed through with deionized water several times.
The NSA were dispersed in deionized water by ultrasonic vibration to obtain a concentration
of 1.6 mg mL™ and maintained in suspension by magnetic stirrer until use. A disc of
Whatmann No. 1 filter paper was placed into a Petri dish (10x15mm) and 10 mL of the NSA
suspension were added. Ten seeds were then transferred onto the filter paper and the Petri
dish covered and sealed with tape. The Petri dish was then placed in an incubator for 5 days at
25+1°C in darkness. Control seeds were treated with 5 ml of deionized water only. The
germination of the seeds was checked daily and the Germination Percentage (GP) was
calculated according to (Lombardi, 2019) by the following formula:

GP = (germinated seeds/total seeds tested) x 100

P. vulgaris seedlings’ root and hypocotyl elongationwas measured at the end of the trial. Five

replications for treatment were performed.

11.5.2. In pot tests

The effects of NSA on plant growth were investigated by pot culture. A 1.6 mg mL"
INSA solution was prepared as above reported. 150 mL (240 mg NSA) of the suspension
were used to wet a sterilized filter paper disk (10 cm ). Seeds of P. vulgaris var. “Piattelli”
were immersed in a 10% sodium hypochlorite solution for 10 min to ensure surface sterility,
rinsed in deionised water and each seed was then wrapped in a sterilized filter paper charged
with the NSA solution. The wrapped seeds were then sown in pots containing 800 ml of
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substrate (Universal Toprak Virgoplant, Leroymerlin, Livorno, Italy). Three seeds were sown
in each pot. As control, the seeds were wrapped in sterilized filter paper wetted by deionized
water only. Three replications for each NSA treatment and the control (0 mg Kg™) were
performed. The beans seedlings were grown for 7 days in a grow chamber at 25°C (day) and
23°C (night), with a 16:8 h light: dark photoperiod (photosynthetically active radiation
intensity 280 uE s m?®) and 60+ 10% relative humidity. After 14 days root and shoot

elongation were measured.

11.6. Antifungal assay
11.6.1. Test organisms
The test fungal organisms used in this study (Trichothecium roseum, Cladosporium
herbarum, Penicillium chrysogenum, Alternaria alternata and Aspergillus niger) were
obtained from Section of Mycology and Plant Pathology, Department of Botany, University

of Tizi ouzou

11.6.2. Spore germination assay
To evaluate the efficacy nanostructured of alumina on spore germination of some tested fungi,
different concentrations, 0.1 mg/ml, 0.2 mg/ml, 0.3 mg/ml, 0.4 mg/ml and 0.5 mg/ml of NSA
was prepared from the precipitated sample. Spore suspension with 1 x 10° conidia/ml was
prepared in sterilized distilled water. Equal volume of spore suspension and the nanomaterials
solutions were mixed in a test tube and then shaken. control spore suspension was mixed with
equal volume of distilled water. A drop of the mixture (about 0.1 ml) was then placed in the
cavity slide and these were incubated for 25 + 2 °C. Three replicates were maintained for each
treatment including the control. The slides were examined after 24 h by hand tally counts at
different microscopic fields. Percent spore germination of each treatment was calculated by

the formula given byKiraly et al.(1970).

No.of spores germinated

Percent spore germination = —— x100
Tota no.of spores examined
ey ey . . Gex Gt
Inhibition of spore germination (%)= = %100

Where Gc and Gt represent the mean number of germinated conidia in control and treated

plates, respectively.
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11.6.3. Agar well diffusion assay

The antifungal activity of nanostructured alumina was determined by agar well diffusion
method as adopted by Perez et al.(1990). 7-8 days old fungal cultures grown on potato
dextrose medium (PDA) medium were used to check the antifungal activity of synthesized
nanostuctured alumina. An aliquot of 0.02 ml of inoculum from each fungal pathogen was
inoculated in 20 ml of PDA medium in culture tubes. The culture tubes were then
homogenized between the hands and poured into 90 mm Petri plates. Different concentrations
(0.120 mg/ml, 0.25 mg/ml and 0.50 mg/ml) of the nanostructured were prepared and added to
respective wells. 0.1 mg/ml (20 pl/disc) was used as standard (Positive control). The effect of
nanostructured alumina against the fungal pathogens were evaluated and compared with the
standard used during the present study. The plates were then incubated at 25 + 2 °C for 5
days. The antifungal activity was calculated by measuring the zone of inhibition by using

standard scale.

11.7. Biosynthesis of alumina nanoarticles using Rhamnus alaternus

11.7. 1. Preparation of Rhamnus alaternus leaf extract

50 g fine grounded powders of Rhamnus alaternus was extracted under reflux conditions at
80 °C for 30 min in 500 mL double distillated water and centrifuged at 7000 rpm. The
obtained extract then filtered and kept in refrigerator used as reducing and stabilizing agents.

11.7. 2. Synthesis of the alumina nanoarticles (Al,O3-Nps) using Rhamnus alaternus leaf
extract

30 mL of aqueous plant extract and 100 mL of 0.05 M aqueous solution of Aluminium nitrate
were mixed in 80 °C. Then the mixture centrifuged at 7000 rpm for 30 min, The mixture
solution was then stirring at 100-150°C , and Finely , calcined at 1100 °C for about 3 h, Figure
05, Sutradhar et al. (2013).
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Figure 5. Schematic representation of green synthesis of Al, O3 NPs

11.7.3 Characterization of synthesis of the alumina nanoarticles (Al,O3-Nps) using
Rhamnus alaternus leaf extract

The Al,O3-Nps obtained by biosynthesis method was characterized by X-ray diffraction
(XRD), Scanning Electron Microscopy (SEM) were describe below in synthesis of

Nanostructured of alumina.(see page 102) characterization of NSA.

11.8. Data analysis

Univariate linear regression analysis was used to identify associations between the mortality
of the insect pest species and the NSA dose. Differences in the insecticidal effect of NSA
among the species were investigated by one-way between—groups univariate analysis of
covariance (ANOVA) with the species as fixed factor. The NSA dose and the time of
exposition were considered as covariates in the model and their effect was controlled in the
analysis. The Abbott’s formula was used to adjust the mortality percentage rates of the
treatments on the basis of the controls’ mortality. Post hoc comparisons were performed using
Bonferroni corrections for multiple comparisons. The estimated marginal (EM) means of the
insect pests’ mortality are reported. Differences between plant germination, and plant growth
data of NSA-treated and NSA-non-treated samples were analysed by student’s t-test.
Percentage data (insect mortality and seeds germination) were arcsine transformed prior to
statistical analysis. All analyses were performed by SPSS 22.0 software (IBM SPSS Statistics,
Armonk, and North Castle, New York, USA).
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I11. Results and discussions

I11.1. Nanostuctured alumina-gel characterization

111.1.1. X-Ray diffraction (XRD)

The Scherrer method is used for calculating particle size gives an average value, the crystal
sizes of the NSA were determined by means of an enhancement of crystallinity. XRD can
measure nanocrystallites size; the fundamental mechanism for nanocrystallite size

measurement can be explained as follows (Castellano, 1996).

The release from the foreground will be cancelled by the release from the 500 layer deep plan
in the crystal, with a phase shift of 500.5Ax similarly, if the distance for X-rays diffracted
from the foreground is 1.00001\x, the diffusion will be cancelled by an aircraft 50000 deep
layers in the crystal. Bragg diffraction should only occur at the exact Bragg diffraction angle,
producing an acute peak. However, if a particle is only 1 nm, then the blueprints had to cancel
the diffusion of the initial shock wave. (such as the plane (hkl) with a diffracted distance of
1.00017x, this will be the plane 5000th plane and more) are not present (Baczmanski et al.,
2004). The diffraction peak will show the intensity at a 6 lower and end at a 6 higher than the
Bragg angle. The size of the nanocrystallites causes the diffraction peak to widen. Conversely,

the size of DhkI crystallite can be estimated from the widening of the diffraction peak line:

- B is the full width at half maximum intensity,
- 0 is the diffraction angle (in radians) of the considered diffraction peak, and
- SSch is Scherrer constant (~0.9).
Dried alumina-gel analysed using The X-ray diffractograms showed wide peaks

corresponding to alumina nanoparticles (Figure 06).
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Intensity

20

Figure 6. XRD spectra nanostructured alumina obtained after drying gel at 1000°C.

The average crystallite size of nanostructured alumina obtained was 56.9 nm. Broad peaks at
37°, 43°, and Sharp peaks of alumina proved its good crystallization (Sun et al., 2008). The
data obtained were matched with the database of the Joint Committee on Powder Diffraction
Standards (JCPDS), which confirmed with 80 % the crystalline structure of alumina in
reference. The results of the XRD, shown in Table II, exhibited a well-resolved peaks,
confirmed the polycrystalline and monophasic nature of the prepared material. The diffraction
peaks provided a clear evidence of the formation of NSA with an average particle size of 56

nm.

Rogojan et al.(2011), demonstrate that crystallite sizes obtain from X-ray diffraction images
for the alumina powders using sol-gel methods is 10.70 nm. The differences between two
results can probably explained by measuring the angles and intensity of the diffracted rays,
the symmetries of the crystal structure (space group) and a three-dimensional image of the
electron density in the lattice. From this density, the average position of the atoms of the
crystal forming the crystal pattern can be determined as well as the nature of these atoms,
their chemical bonds, their thermal agitation.

Ates et al.(2015), reported and showed an amorphous structure with a small crystallization
degree, for these purpose, the Debye-Scherrer equation was used to derive the crystallite size
from the XRD data by determining the width of the 57.01° peak.
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Anothor study on XRD patterns of Al,O3 NPs prepared at different laser fluences show that
XRD pattern of alumina nanoparticles, prepared at 3.5 J/cm? , exhibited a single diffraction
peak located at 32 corresponding to (220) plane which indexed to face centered cubic c-Al,O3
metastable phase according to JCPD# 29-0063, no peaks related to pure Al element or other
metastable phases were found in XRD pattern indicating the complete transformation of Al

into c-Al,O3 after laser ablation (Ismail et al., 2017).

Table Il: X-ray diffraction (XRD) analysis of the nanostructured alumina.

Peak position® B structure®  Crystallite size °

25.58 0.167 48.7
35.15 0.143 58.4
37.80 0.123 35.1
43.34 0.143 59.9
52.54 0.143 62.0
57.48 0.163 55.5
61.29 0.122 36.4
66.50 0.143 66.5
68.19 0.122 78.4
77.22 0.061 68.1

3220 Th; ° values are expressed in nm

I11.1.2. Fourier Transform InfraRed spectroscopy analysis( FT-IR)

FT-IR spectroscopy is widely used for the analysis of nano-size metal oxides Specific bands
due to metal-oxygen bonds were recorded below 1000 cm™' for these compounds.

The results of the FT-IR analysis are shown in Figure 07. The broad smooth absorption from
550 to 900 cml1 reveals the formation of NSA. Significant spectroscopic strips at 1381, 1559,
1655, 1681 and 1736 cm™ were identified as the absorption bands characteristic of H,O and
CO,. Peaks localized at 3400 and 3500 cm™ were assigned to stretching vibration and

deformation vibration of liaison O-H.
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Figure 7. FTIR spectra of nanostructured alumina calcined at 1000 °C

The result of FTIR allowed to clarify the structure espectral relationships of the associated
molecular vibrations, the resulting peak bands at 550 to 900 cm™ can be attributed to the
formation of alumina-oxygen.

A.Janbey et al.(2001) reported that IR spectra shows the strong absorption bands at 1600 cm™
due to the various vibration made of triethanolamine the metal ions also the bands appearing
at 1005 and 800 cm™ could be attributed to the presence of nitrates ions and bands appeared in
the region 700- 400 cm™ could be the results of some trace amounts of metal oxides.

Several studies on the spectra of a-Al,03shows band with a maximum of 454.2 cm 'and a
broad band with multiple peaks at 602.2, 644.3 and 729.1 cm™" assigned to stretching and
bending vibrations of Al-O were recorded. These were the most intense bands of the a-
Al,O3 FT-IR spectrum, with transmittance values between 22.7 and 37.2%. The peak of
1114.4 cm™" may be assigned to Al-OH bending vibration (Manivasakan et al., 2011). Also, a

few small bands were observed: the first with maxima at 1436.8 and 1384.7 cm !

, the second
with peaks at 1592.6 and 1630.6 cm ™' and the third with a large band at 3438.5 cm™'. The
transmittance values of these were small, which ranged from 69.1 to 79.8%. The band
centered at 3438.5 cm ' was assigned to O-H stretching vibration of adsorbed water, and
those from 1630.6 to 1592.6 cm™' were assigned to bending vibrations of H-O-H(Gondal et
al., 2012). Bands with peaks at 1436.8 and 1384.7 cm ™' were assigned to carbon dioxide v(O-
C-0) symmetric vibration in the forms of carbonate and bicarbonate, respectively. Because
alumina is an amphoteric oxide it contains both basic and acidic sites: by carbon dioxide
adsorption both carbonate and bicarbonate species, respectively, may be formed (Galhotra,

2010)
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I111.1.3. Energy Dispersive X-Ray (EDX) system coupled with Scanning Electron
Microscopy (SEM)

111.1.3.1 . Nanostructured alumina stucture

In order to observe the structure nanostructured alumina, EDX-system coupled with Scanning
Electron Microscopy was carried out. It use also to determine the homogeneity and it’s
elemental distribution in the synthesize structure. High magnification image (Figure 08)
reveals clearly that large particles are in fact agglomerates of much smaller particles and
possess different shapes. The elemental analysis of nanostructured alumina by energy-
dispersive X-ray analysis (EDX) of nanostructured alumina in order to elucidate the
composition of nanostructured alumina they confirm the presence of constituent elements: Al,
O and C with mass percentage 34.83%, 33.97% and 31.19%, respectively (Table I11).

. F-
Nanostructured alumina =~

particle ~ 60 nm

Aggregate of Nanostructured
alumina particles

Figure 8. Scanning Electron Microscopy of nanostructured alumina
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Table I11: Miniral composition of nanostructured alumina

Mass Mass Normal. abs. error [%] rel. error
Element atomic mass o, [%] [%] (1 sigmay) (1 sigma)
0
Oxygen 820292 31.77 34.83 5.32 12.87
Aluminium 13 42110 30.99 33.97 1.65 4.60
Carbon 6 7676 28.45 31.19 4.10 14.65

EDX spectrum shows (Figure 09) the typical absorption peak approximately at 10 keV due to
surface Plasmon resonance. The presence of the elemental aluminium can be deduced from

the EDX analysis, which also supports the XRD results. This indicates the reduction of

aluminium ions to elemental alumina.

) cps/eV

ﬁgﬁ Al

Figure 9. EDX spectrum of nanostructured alumina

111.1.3.2. Insecticidal effect of NSA

The toxicity assay of NSA showed a strong dose-effect relationship between NSA doses and
insect mortality (O. surinamensis: R = 0.684; F; 13 = 11.426; P = 17.535; S. paniceum: R =
0.952; F110 = 95.909; P< 0.001; T. confusum: R = 0.758; F; 13 = 48.987; P = 0.001). ) (Fig.
10A, 10B, 10C)
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Figure 10. Mortality (%) (mean + SE) of T. confusum:(A) O. surinamensis ;(B) S. paniceum;

(C) adults fed on beans treated with nanostructured alumina (NSA) particles.

After sixteen days, the percentage of insect mortality at the highest NSA concentration tested
(400 mg kg™) was 100.00% for S. paniceum followed by O. surinamensis (80.64%) and T.
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confusum (79.41%). Repeated measures ANOVA showed a significant within-subjects effects

of the time of exposition on mortality of the three specie after controlling for the effects of the
NSA dose (F3, 152=94.233; P < 0.001; n 2= 0.623) with a significant interaction of the time x
dose (Fs3, 152 = 14.991; P < 0.001; n 2 = 0.208) and of the time x species (F3, 15, = 6.587; P <
0.001; n 2 =0.188). The effect of the species (between-subject effect) was significant also (F»,
57 = 12.689; P < 0.001; n 2 0.308). The estimated marginal means (evaluated at NSA =151.23

mg kg™) showed that the most susceptible species was S. paniceum (mean = 36.08%)
followed by T. confusum, and O. surinamensis (mean= 28.55, and 23.04, respectively) (Table
V).

Table V. Adjusted estimated marginal (EM) means on mortality of Tribolium confusum,

Oryzaephilus surinamensis, and Stegobium paniceum exposed to nanostructured alumina

Species Mean® + SD 95% Confidence Interval
Lower Upper
bound bound

T. confusum 28.397 £ 1.116 26.201 30.593
O. surinamensis  23.298 + 1.116 21.101 25.494
S. paniceum 35.928 + 1.382 33.208 38.647

Data are expressed as mean mortality percentage + standard error. #
Covariates (dose and time of exposure) are evaluated at the following values:
NSA = 297.54 mg kg, Time = 9.20 d.

Pairwise comparisons of EM means showed that S. paniceum was significantly more
susceptible to NSA then the other two insect species (Table V1I).

Median lethal concentration (LCsp) values calculated by Probit analysis were 61.53, 14.87,
and 127.17 mg Kg™ for O. surinamensis, S. paniceum, and T. confusum, respectively (Table
[11), consistently with the RM-ANOVA. RMP analysis showed that, S. paniceum was
significantly more susceptible to NSA than O. surinamensis (S. paniceum vs O. surinamensis
RMP = 0.242; 95% CI: 0.034-0.770) and T. confusum (S. paniceum vs T. confusum RMP =
0.117; 95% CI: 0.010-0.403).
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Table V: Toxicity of nanostructured alumina against adult Oryzaephilus surinamensis,

Stegobium paniceum and Tribolium confusum

Species LC @ Intercept P
O. surinamensis 0.44(0.23-1.02) 1.186 <0.001
S. paniceum 1.10(0.60-10.70) -0.138 0.544
T. confusum 127.17(60.24-305.92) -0.978 0.001

4 Concentration of the NSA that kills 50% of the exposed insects.

Data are expressed as mg Kg'l; in bracket, confidence interval.
Pearson goodness of fit test: y2 = 3.379; df = 11; P = 0.985.

The toxicity bioassay showed the NSA is able to exert a significant insecticidal activity
against the main seeds pests O. surinamensis, S. paniceum, and T. confusum. According to our
results, the most susceptible species to the NSA was S. paniceum, while O. surinamensis
resulted the most resistant one Although no previous studies are available on the effects of
NSA on the species tested in this work, in line with our results Stadler et al.(2010) reported
100% mortality of the stored grain pests Rhyzoperta dominica (Coleoptera: Bostrichidae) and
Sitophilus oryzae (Coleoptera: Curculionidae) adults in wheat treated with 1000 mg kg™ of
NSA dust after 9 days of exposure and about 95% mortality after only 3 days of exposure. A
high effectiveness of NSA was observed also by Goswami et al.(2010) with about 90% of
mortality of S. oryzae and Tribolium castaneum (Coleoptera: Tenebrionidae) exposed for 7
days to 2000 mg kg™ of hydrophilic NSA. Similarly, NSA produced by combustion of glycine
and aluminium nitrate caused more than 94% mortality of S. oryzae adults after 15 days of
exposure applied on wheat at doses ranging from 62.5 to 1000 mg kg™ (Stadler et al., 2012).

Nevertheless, the efficacy of this NSA for control of R. dominica adults resulted in lower
overall mortality levels than for S. oryzae. Similar results were obtained when three novel
NSA dusts, based on chemical solution methods, were applied on wheat for control of R.
dominica and S. oryzae Buteler et al.(2015) and Teodoro et al.(2017) obtained a LCs, of 79.91
mg kg™ after 39 days of exposition with a LTso of 23.82 days when tested at 500 mg kg™ for
NSA against S. oryzae. The insecticidal effect of the NSA could be probably due to the
electrically charged particles resulting by the oxidation of aluminium. Alumina electrically
charged particles, showing interaction between dipole-dipole promote the formation of
aggregates that stick firmly to the insect cuticle wax layer and generated electric charges

resulting by triboelectric effect (Pimentel, 2005). In addition,
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according to Stadler et al.(2017) the toxic effect of the NSA, similarly to those of other
insecticidal dust such as diatomaceous earth should be due to the absorption by NSA of the
epicuticular lipids, causing the insect death by dehydration. The insecticidal effect should also
depend on NSA physical characteristics, (i.e. particle size, particle morphology) and on other

biotic and abiotic factors such as target species, and relative humidity (Buteler et al., 2015).

111.1.3.3. Effects of NSA on growth and germination of P. Vulgaris

The initial stages of growth and development of plants begins with seed germination, leading
to elongation of roots and emergence of shoot. Depending on the concentration and on the
plant species, nanoparticles have varying effects on seed germination. Metal oxide
nanoparticles and carbon-based nanoparticles exhibit diversifying effects on seed
germination, root elongation and shoot growth. Scientists have shown through their
experiments that different nanoparticles augment both positive and negative effects upon
different plant species. Upon exposure to metal oxide nanoparticles, the effect on seed

germination as well as elongation can be inhibitory, neutral or promoting.

In our study the NSA treatment of the beans show not affect the P. vulgaris on germination
(ts = 1.159, P = 0.192) the seedlings’ root and hypocotyl elongation (tg = 1.074, P = 0.341, tg
= 1.159, P = 0.280, respectively. (Table VI)

Table VI: Effect of nanostructured alumina (NSA) on seed germination and radicle and shoot

elongation of Pheseolus vulgaris seedling.

Control NSA
Seed Germination @ 7.60 +0.60 6.00 £ 0.95
Ipocotyle ® 30.12+7.71 18.00 + 7.06
Root P
5.20 + 0.782 10.68 + 5.04"

4 9% germination seed; °, cm control seed not treated with NSA, data are expressed as means +standard error
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Table VII: Effects of nanostructured alumina ( NSA) on plant of Phaseolus vulgaris in pot

culture

Control NSA
First internod ? 259 +2.13 2.13 +0.39
Second internod ® 576 £ 0.79 5.75 +0.66
Third internod ® 6.70 = 1.00 7.37 £0.50
Fourth internod * 0.67 + 0.66a 6.93 £1.25b
Shoot (total) @ 15.07+1.20a 22.76+2.25h
Leaves area " 56.93 £ 3.15 64.13 +1.72
Stoma density © 15.58 £ 0.36 13.25+0.88
Root ? 12.61+1.91 14.08+1.28

2 cm; ®, cm?; ¢, No. stoma cm™. Data are expressed as means + standard error. Different

letters indicate significant difference between treatments (t-test, P< 0.05).

No negative effect on the beans plants was observed also in pot culture. Nanoparticles with
the emerging advancement have shown varying beneficial effects upon plants.

After 14 days from the seedlings emergence no differences were recorded for the leaves area,
stoma density, and root length (t, = 2.008; P = 0.115; t, = 2.456; P = 0.070; t; =0.640; P =
0.557, respectively). On the contrary, we observed a positive effect of the NSA on the shoot
growth (t; =2.974; P = 0.041) with the treated plants that were about 66% higher than the non-
treated plants (Table VII).

We observed no significant effect of NSA on plant germination, seedlings elongation and
plant growth, we observed any aluminate contamination on the surface of the P. vulgaris
leaves. Nanoparticles can penetrate into the plant through the stomatal openings or the bases
of trichomes and then transferred to various tissue (Fernandez and Eichert, 2009). Previous
studies showed that nanoparticles whose diameter is less than the pore diameter can reach the
plasmatic membrane and cross it with incorporated transport carrier proteins or through ionic
channels interfering with metabolic processes (Jia et al., 2005) and reaching mitochondria or
nucleoli in both plant and insect tissues (Yasur and Rani, 2013). For this reason, it is
important to assess the phytotoxicity of nanomaterials. Lee et al. (2010a) evaluated the effect
of four metal oxide nanoparticles, aluminium oxide (nAl;Os), silicon dioxide (nSiOy),
magnetite (nFe30,), and zinc oxide (nZnO), on the development of Arabidopsis thaliana (L.)

Heynh (Brassicaceae) (seed germination, root elongation, and number of leaves) and, in
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accordance with our results, found that aluminium oxide nanoparticles were no toxic whereas
they observed a toxic effect of the other three metal oxide nanoparticles. The absence of effect
of aluminium oxide nanoparticles on seed germination and root growth was also observed by
Lin and Xing.( 2007) who showed that the nanoparticles have no adverse effects on
California red beans, while (Mahajan et al., 2011) observed a positive effect on seedlings
growth of Vigna radiata (L.) Wilczek, and Cicer arietinum L. (Fabaceae) after a treatment by
ZnO nanoparticles. In this experiment, the only effect of the NSA we observed was the
increase of shoot growth in the treated plants that were about 66% higher than the non-treated
ones (length of the shoot 15.07 £ 1.20 cm for the control and 22.76 £ 2.25 cm for NSA
treatment). In line with our results, Khodakovskaya et al. (2009), observed that
nanostructured carbon determines an increase on tomato plants seed germination and the plant
growth and, according to the authors, such a positive effect of the nanoparticles could be due

to their ability to penetrate the seed coat and enhance the water uptake.

111.1.3.4. SEM coupled with EDX of leaves Pheseolus vulgaris treated with

Nanostructured alumina

The SEM image and EDX spectrum of leaves Pheseolus vulgaris treated with Nanostructured
alumina are shown in Figure 11 and Figure 12. The EDX analysis confirms the mineral
element contents present in Pheseolus vulgaris leaves treated with nanostructured alumina.
The area number 36 showed mineral contents percentages as follow 67% oxygen, 24%
carbon, silicon 7%, 0.24% calcium and 0.22% of potassium, while mineral contents
percentages of 66% oxygen 33% carbon and 0.21% potassium (Figure 10).

Conti Nanoparticelle Al 98
Ch1 MAG:429x HV:10.0kV WD:11.9mm Px: 0.49 pm

Figure 11. SEM image of Pheseolus vulgaris leave treated with nano structured alumina.
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Figure 12. EDX spectrum of Pheseolus vulgaris leave treated with nanostructured alumina.

After 14 days of germination period, the Pheseolus wvulgaris leaves treated with
nanostructured alumina were analyzed by EDX-system. The result showed that alumina used
in insecticidal activity was not present at the surface the leave (Figure 12). In Previous
investigation, Santos. (2013), has demonstrated that different nanoparticles bestow a different
effect on plants as every particle interacts with plants in a different pattern, including
alteration in morphology as well as physiology. The chemical composition, reactivity, size
and other properties of these nanoparticles determine its function upon interaction with plants,
which can be positive or negative. Nanoparticles have been found to accumulate in plants and
the surrounding environment, as plants bear large size, higher leaf area and are immobile in
nature, rendering them highly susceptible to exposure from varied nanoparticles present in the
environ (Dietz and Herth, 2011). The size of nanoparticles contributes to the contamination of
the surrounding environment, depicting distinctive physicochemical characteristics, such as
high surface area, energy and surface confinement, resulting in alteration in environmental
behaviour and increasing toxicity drastically, compared to their bulk components.The surface
properties are the main reason for toxicity of ENPs (Engineered Nano-Particles), which can
be inhibited using surface functioning (Geisler-Lee et al., 2012). The absence of NSA in
leaves can be explain, Pheseolus vulgaris can effectively decide the fate of nanoparticles and
their environmental transport by aggregating them into their biomass (Anjum et al., 2013).
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111.1.4. Antifungal assay

111.1.4.1. Effect of different concentrations of nanostructured alumina on the spore

germination of some fungal pathogens

Nanostructured alumina effect of on spore germination results are represented in Table VIII.

Table VIII: Effect of nanostructured alumina on spore germination of different fungi.

0.0 mg/ml 0.1 mg/ml 0.2 mg/mi 0.3 mg/ml 0.4 mg/ml 0.5 mg/ml
Fungal pathogen
T. roseum 1940.1 15.33+0.2 12.67+0.1 9.33+0.58 6.33+0.1 2.33£0.5
(19.31) (33.31) (50.9) (66.68) (87.73)
C.herbarum 17+0.2 15.67+0.01 12+0.9 9.33+0.58 5.33£0.5 2.67+0.3
(16.08) (29.41) (45.12) (68.64) (84.42)
P.chrysogenum  20+0.6 17.96+0.3 15+0.1 12.33+0.52 7.67+0.6 4+0.6
(10.2) (25) (40) (61.65) (80)
A.alternata 2040.5 17.69+0.2 15+0.1 12.45+0.2 9.33+0.58 5.76+0.58
(11.55) (25) (37.75) (53.35) (71.2)
A.niger 19.6+0.1 1740.1 13+0.3 9.67+0.9 6.33+0.8 3.331£0.9
(13.27) (33.67) (50.66) (67.70) (83.01)

Values are represented as mean + SD.

Figures in parenthesis indicate the inhibition in spore germination (%).

The different concentration of nanostructured alumina tested at different concentrations (0.1
mg/ml, 0.2 mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml) brought about significant inhibition of
spore germination of all the tested fungal pathogens. However, inhibition in spore
germination increases with the increase in concentration of the NSA. The maximum inhibition
in spore germination was found by highest concentration of NSA (0.5 mg/ml) against
Trichothecium roseum (87.73%) followed by Cladosporium herbarum (84.42%), Aspergillus
niger (83.01%), Penicillium chrysogenum (80%), and least effective against Alternaria
alternata (71.2%) at same concentration.

The results show clearly that nanostructured alumina tested at different concentrations in the
present study caused significant inhibition in the spore germination and radial growth of all
the tested fungal pathogens. The highest concentration was found more effective followed by

the lower concentrations, also reported that the highest concentration of MgO, FeO and ZnO
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nanoparticles as most effective than the lower concentrations(Wani and Shah, 2012) reported
that antimycotic activity of MgO and ZnO nanoparticles against Alternaria alternata,
Fusarium oxysporum, Rhizopus stolonifer and Mucor plumbeus. Nanoparticles due to their
small size and large area to volume ratio show significant differences in properties not seen in
the same material in their bulk forms(Issa et al., 2013; Khan et al., 2019),It can be due to their
unique physiochemical, biological properties these NP's are used in pharmaceutical products,

medical diagnostic imaging and medical treatment protocols (Khan et al., 2019).

111.1.4.2. Agar well diffusion assay

Antifungal activity of nanostructured alumina was also recorded by measuring the zone of
inhibition for different fungal pathogens. All the concentrations showed significant zone on
the inhibition against all the selected fungal pathogens. Highest zone of inhibition was shown
by the highest concentration of nanostructured alumina (Table VIII, Figure 12). The
maximum zone of inhibition was shown against Penicillium chrysogenum (28.67 + 1.53 mm),
followed by Aspergillus niger (27.33 £ 1.15 mm), Trichothecium roseum (25.67 £ 2.52 mm),
Alternaria alternate (22.33 + 3.83 mm) and Cladosporium herbarum (20.00 £ 1.00 mm) .

Table XI : Zone of inhibition by nanostructured alumina against different fungi.

Fungal pathogen Activity index

Standard
0.1 mg/mi 0.25 mg/ml 0.5 mg/mi o
fongicids
Trichothecium
12.67 £ 1.15a 18.00+1.73 25.67 £ 2.52
roseum 30.33 + 2.52
Cladosporium
10.33+0.58 15.00 £ 1.00 20.00 +1.00
herbarum 26.00 + 2.00
Pencillium
18.00 + 1.00 23.33+1.15 28.67 +1.53
chrysogenum 34.33+£1.53
Alternaria alternata 15.67 + 2.08 16.33 + 3.51 22.33+3.83
34.33+0.58
Aspergillus niger 19.33+£1.53 24.67 £1.53 27.33+£1.15

34.00 +2.00
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The presence of inhibition zone on culture media clearly indicates the biocidal activity of
nanostructured alumin . The extent of inhibition depends on the concentration of nanoparticles
and also fungal spore concentration. In another work Abdeen et al.(2013), reported that
nanostructured alumina posses promising antimicrobial activity against several human
pathogens. Wu et al.(2018) Studied the antifungal activity of green synthesized silver
nanoparticles against Cladosporium cladosporoides and Aspergillus niger reported that NP's
have effective biocidal properties even at low concentrations. Nehra et al.(2018), reported
the antifungal and antibacterial activity of iron oxide nanoparticles against Aspergillus niger,
Fusarium solani, Escherichia coli, Bacillus subtilis and Candida albicans. They also reported
that iron oxide NP's can be used as effective antimicrobial agents. The mechanism of the
antimicrobial activity of nanoparticles is due to their small size and larger surface area to
volume ratio which effectively covers the microorganism and reduces oxygen supply for
respiration.

Zakharova et al.(2015), reported that the antimicrobial activity of iron nanoparticules is due
formation of reactive oxygen species (ROS) that cause damage to proteins and DNA in
microorganisms by oxidative stress. Mohamed et al.(2015), also reported that iron
nanoparticule cause oxidative stress by ROS generation and Fenton reaction. Since iron is
strong reducing agent, it induces the decomposition of functional groups in membrane
proteins and lipopolysaccharides. Iron nano also cause oxidation by intracellular oxygen
leading to oxidative damage via Fenton reaction. These NP's penetrate through disrupted

membranes causing further damage and death of cells(Lee et al., 2008).

111.1.5. Biosynthesis alumina nanoparticules(Al,O; NPs) using extract of Rhamnus

alaternus

Nowadays, several methods have been successfully used to fabricate the Al,O3; NPs, however,
they have some demerits such as the higher cost of the method and not being eco-benevolent
since they make lots of pollution in the ecosystem because of using perilous solvents and
toxic reducing agent to overcome these disadvantages, green chemistry approaches have been
employed for the fabrication of Al,03-NPs which are sustainable, less energy-intensive, eco-
accommodating and increase the efficiency of the methods.

In this study, the green synthesis of the Al,O3-NPs with aqueous R.alaternus leaf extract as
reducing agent and efficient stabilizer was focused to convert Al ions to Al NPs.The
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stabilization of Al,O3 NPs is dependent on biomolecules such as amino acids, enzymes,
proteins, steroids, phenols, tannins, sugar and flavonoids, which are already present in the
plant extracts having medicinal importance and are eco-benign (Ghotekar, 2019b; Sorbiun et
al., 2018). The main principle in the green chemistry approaches is that the phytoconstituents
are present in the plant parts serve the dual role of a natural reducing agent and a NP stabilizer
(Duraisamy, 2018b; Manikandan et al., 2019; Sutradhar et al., 2013). The various parts of
plant such as leaves, seed fruit and flower are used to fabricate Al,O; NPs in different
morphologies and sizes by biological approaches. The aqua soluble heterocyclic constituents

are mainly accountable for formation and stabilization of nanoparticles (Ghotekar, 2019a).

X-ray Diffraction (XRD) is used to determine the particle size, and every crystal structure and

exact phase identification of Al, O3-NPs.

The Scherrer method is used for calculating particle size gives From 19 to 69 (Table XI).
Broad peaks at , and Sharp peaks Al,O3 NPs of proved its good crystallization(Sun et al.,
2008).

The data obtained were matched with the database of the Joint Committee on Powder
Diffraction Standards (JCPDS), which confirmed with 79 %, the crystalline structure of
alumina in reference. The results of the XRD analysis (Table X) consisting in well-resolved
peaks The X-ray diffraction peaks at 37,78°, 44,87°, and 66,532° were assigned as (111),
(200), and (220) lattice planes which are in good agreement with those of the standard pure
Al,O3 nanoparticles (JCPDS No. 004-0787) (fig.12) , confirmed the polycrystalline and
monophasic nature of the prepared material. The diffraction peaks provided a clear evidence
of the formation of Al,O; NPs with an average particle size of 37 nm.
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Table X: X-ray diffraction (XRD) analysis of the Al,O3 NPs using extract of Rhamnus

alaternus
Peak pos. B struct. Crystallite
No. [°2Th] [°2Th] size [nm]
1 25,603 0,117 69,6
2 31,281 0,335 24,7
3 32,824 0,201 41,3
4 35,184 0,167 49,8
5 36,667 0,24 34,9
6 37,787 0,184 45,6
7 39,92 0,401 21,1
8 43,381 0,184 46,5
9 44,87 0,401 21,4
10 47,729 0,335 26,0
11 50,746 0,401 21,9
12 57,511 0,224 40,4
13 59,739 0,286 32,1
14 63,368 0,49 19,1
15 66,532 0,163 58,2
16 67,552 0,387 24,7
17 68,188 0,184 52,3
18 76,905 0,204 49,7
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Figure 13. XRD spectra of the Al,03 NPs using extract of Rhamnus alaternus
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Figure 14. Scanning Electron Microscopy image spherical agglomeration alumina

nanostructured using Rhamnus alaternus extract

Acording to Jalal et al.(2016) in theirs stady on synthesis of alumina nanoparticles using
lemongrass leaf extract as coupling and stabilizing agents, they fond the XRD pattern shows
the characteristic diffraction peaks of phase a-alumina (a-Al,O3) at 26 angles corresponds
(012), (104), (110), (113), (024), (116), (214) and (300) indicate that a-Al,O3 was the
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dominant phase when calcinated above 1100 °C (JCPDS card no. 42-1468). The estimated

average size of synthesized Al,O3 NPs was 34.5 nm.

Anothor study on XRD patterns of Al,O3NPs using Prunus and yedoensis leaf extracts The
size of the pH = 7 Al,O3 NPs are spherical and hexagonal shape and the size ranges between
50-100 nm (Manikandan et al., 2019).

Green Synthesis of Aluminium Oxide Nanoparticles by using Aerva Lanta and Terminalia
Chebula Extracts analysis the X-ray diffraction data revealed the average size of the Al-NPs
as 70 nm. The AINP were found to be spherical agglomeration in shape in case of Aerva lanta
leaves extract with a size of 50-70 nm and to be spherical shaped in case of Terminalia
chebula seed extract with an average size of 50-100 nm (Duraisamy, 2018a). Figure 15
shows the SEM images of Al,O3NP using Rhamnus alaternus extract, and the results indicate

the formation of spherical shaped nanoparticles.
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IV. Conclusion of the second part

Nanotechnology has a huge potential to develop alternative pest control strategy and lower risk
insecticidal molecules. In this study we showed that alumina nanoparticles synthesized by sol-
gel method could be a new effective protective agent that can be used to control the
infestations of insect pests during the seeds storage.

The percentage of insect mortality at the highest NSA concentration tested was 100.00 £+ 0.00%
for S. paniceum followed by T. confusum (79.41 £2.94%), and O. surinamensis (80.64 +
6.45%).

The toxicity bioassay showed the NSA is able to exert a significant insecticidal activity against
the main seeds pests O. surinamensis, S. paniceum, and T. confusum.

The NSA treatment of the beans did not affect the P. vulgaris germination (tg = 1.159,
P=0.192) nor the seedlings’ root and hypocotyl elongation (tg = 1.074, P = 0.341; tg = 1.159,
P=0.280, respectively).

The efficacy of NSA against three species the absence of negative effects on seed germination
and plant growth indicate that NSA can be a valid alternative to the chemical synthetic
insecticides used for seeds coating. However, further studies are needed to evaluate the
efficacy of various NSA seed treatments under a wide range of field conditions.

The NSA shows antifongal activity against Trichothecium roseum, Cladosporium herbarum,
Penicillium chrysogenum, Alternaria alternata, Aspergillus niger strains tested also

inhibition of spore germination.

Green Synthesis of Alumina Nanoparticles by using Rhamnus alaternus Extracts analysis the
X-ray diffraction data revealed the average size of the Al-NPs as 37 nm. The Al,O3NP were

found to be spherical agglomeration in shape with a size of (19-69 nm).
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V. Global Conclusion and outlook

In the first part of this thesis, two plants Rhamnus alaternus and Phillyera angustifolia they
have been chosen in order to find new ways of application in the medical and pharmaceutical
field as well as in the food and cosmetic field.

The objective of this work was to adopt scientific bases for the validation of certain biological
properties attributed to these medicinal plants, chosen on the basis of their traditional use. In
this study, the optimised extracts of these plants seem to be of real and potential interest in the
treatment of inflammation, and the prevention of the spread of diseases against the effects of
oxidative stress, preventing diabetes and inhibiting the growth of certain micro-organisms.

In the second part of this these, the work presented allows to widen the knowledge on the
mode of action of nanostructured alumina and to propose a new strategy to control insect
pests of stored products .The approaches in terms of methodology developed here constitute a
first step in the development of an effective phytosanitary formulation which could be used in
the fight against insects and microorganisms.

At the outset of the present study, it would be interesting to carry out a more in-depth study to
isolate, purify and identify the molecules responsible for the previous activities, by studying
the mechanisms of action on the inflammatory mediators, the enzymes involved in the
production of ROS and on antioxidant systems In vivo. It would be of great interest to study
the antibacterial activity of the extracts against bacterial strains that are resistant to
conventional antibiotics and to broaden the scope of the study of the fractions of the extracts
and volatile oils of the plant.

In order to be as close as possible to the real conditions of use, it would be interesting to
optimise the nanoparticle process and to develop alternative strategies must be able to adapt to
the treatment conditions traditionally used in agriculture. Studies will therefore be needed to
assess the best application process for this type of formulation (e.g. spraying, nebulisation,
etc...). This part will require the establishment of a partnership with phytosanitary industries
specialised in this field. It is important to note that the development of such a strategy must be
accompanied by ecotoxicological tests on non-target organisms such as bees.

It would be interesting to explore the synthesis of Nanostructured alumina by the green
method using plant extracts. it would be preferable to evaluate their biological activities.

Especially is considered to be a non-toxic, inexpensive, simple and not dangerous to nature.
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Résumé : L’extraction solide liquide a été combinée avec la méthodologie de surface de réponse (RSM), pour optimiser ’extraction en composés phénoliques et
les activités antioxydantes des feuilles de Phillyrea angustifolia et Rhamnus alaternus. Un plan d’expérience a trois variables : concentration en éthanol (%EtOH),
le temps d’extraction, le ratio et 1’étude de deux réponses (teneur en polyphénols totaux et le piégeage du radical DPPH) ont été étudiés. Les conditions optimales
obtenues pour les extraits de P. angustifolia sont : TPT de 79,40 mg équivalent acide gallique/gMS et un effet de piégage du radical libre DPPH de 63,75 pg/mL
Tandis que cas de R. alaternus donnent une TPT de 70,36 mg équivalent acide gallique/g Ms et un effet de piégeage du radical libre DPPH de 69,49 pm/mL .La
plus forte teneur en humidité et en caroténoides a été obtenue avec les feuilles de R. alaternus avec un taux de 62,14% et une teneur de 93,74 mg p-caroténe/100 g,
respectivement. L’extrait de R. alaternus obtenu dans les conditions optimales posséde les plus fortes teneurs en flavonoides et en tannins qui sont de 17,17 mg
équivalent quercitine/g MS et de 1,86 mg équivalent cyanidine/g MS.Les activités antioxydantes des extraits des deux plantes obtenus dans les conditions
optimales ont été déterminée par le test du pouvoir réducteur, ABTS radical ,teste d'inhibition de superoxyde et le test de phosphomolybdate d’ammonium. L’extrait
de R. alaternus posséde le plus fort pouvoir réducteur et le plus fort effet réducteur des ions molybdate avec des teneurs de 16,92 mg équivalent acide gallique/g
MS et de 112,86 mg équivalent acide gallique/g MS, respectivement. La plus forte activité antibactérienne a été obtenue avec I’extrait de R. alaternus sur
Escherichia coli et Salmonella enterica avec des diamétres de zones d’inhibition de 27,37 et de 26,87 mm, respectivement.

Les extraits optimaux obtenus a partir de deux especes ont été testés ; I'activité anti-inflammatoire a été évaluée In vitro a l'aide de deux tests (inhibition de la
protéine de dénaturation et antiprotéinase) ; P. angustifolia a montré une activité tres intéressante. Enfin, deux extraits optimaux Les extraits obtenus par le test de
cytoxicité ne présentent aucune toxicité.

Dans la deuxiéme partie de la thése, nous avons évalué I'effet de I'alumina nanostructuré (NSA) en tant que protecteur des semences contre les principaux insectes
ravageurs des semences, Oryzaephilus surinamensis, Stegobium paniceum et Tribolium confusum. En outre, nous avons testé les effets de NSA sur la germination
des semences et la croissance des plantes et enfin, nous avons évalué la présence de NSA en tant que contaminant dans les feuilles des plants de haricots germés a
partir de semences traitées 8 NSA. Les résultats ont montré une activité insecticide claire de la NSA. Au contraire, un effet positif de la NSA a été observé sur la
croissance des pousses avec les plantes traitées qui étaient environ 66% plus élevées que les plantes non traitées. Enfin, aucune contamination par des particules
d'alumine n'a été trouvée par le systeme EDX couplé a la microscopie électronique a balayage (MEB) sur la surface des feuilles de P. vulgaris obtenues a partir de
haricots traités avec la NSA. L'activité antifongique de NSA a également été enregistrée La zone d'inhibition la plus élevée obtenu par la plus forte concentration
NSA.

Mots clés : Activités antioxydantes, Activités antibactériennes, Activités antiinflamatoires, extraction solide/liquide, Méthodologie de réponse de surface,
Polyphénols, Phillyrea angustifolia, Rhamnus alaternus. NSA, activité anifongique et activité insecticide

Abstract: Solid-liquid extraction was combined with the Response Surface Methodology (RSM), to optimise the extraction of phenolic compounds and
antioxidant activity from the leaves of Phillyrea angustifolia and Rhamnus alaternus. An experimental design with three variables: ethanol concentration
(%EtOH), extraction time, ratio and the study of two responses (total polyphenol content and DPPH radical scavenging) were studied. The optimal conditions
obtained for P. angustifolia extracts are : TPT of 79.40 mg gallic acid equivalent/gMS and a DPPH free radical scavenging effect of 63.75 pg/mL While R.
alaternus gives a TPT of 70.36 mg gallic acid equivalent/g Ms and a DPPH free radical scavenging effect of 69.49 um/mL The highest moisture and carotenoid
content was obtained with R. alaternus leaves with a 62.14% and 93.74 mg B-carotene/100 g, respectively. The extract of R. alaternus obtained under optimal
conditions has the highest flavonoid and tannin contents, which are 17.17 mg quercitin equivalent/g DM and 1.86 mg cyanidin equivalent/g DM. The antioxidant
activity of the extracts of the two plants obtained under optimal conditions was determined by the reducing power test, ABTS radical scavenging, NO enzymatic
superoxide radical scavenging and the ammonium phosphomolybdate test. The extract of R. alaternus has the highest reducing power and the strongest reducing
effect of molybdate ions with contents of 16.92 mg gallic acid equivalent/g DM and 112.86 mg gallic acid equivalent/g DM, respectively. The strongest
antibacterial activity was obtained with R. alaternus extract on Escherichia coli and Salmonella enterica with inhibition zone diameters of 27.37 and 26.87 mm,
respectively.

The optimal extracts obtained from two species were tested; the anti-inflammatory activity was evaluated In vitro using two tests (denaturation protein inhibition
and anti-proteinase); P. angustifolia showed very interesting activity. Finally, two optimal extracts The extracts obtained by the cytoxicity test showed no toxicity.
In the second part of the thesis, we evaluated the effect of nanostructured alumina (NSA) as a seed protector against the main seed pests, Oryzaephilus
surinamensis, Stegobium paniceum and Tribolium confusum. In addition, we tested the effects of NSA on seed germination and plant growth and finally, we
evaluated the presence of NSA as a contaminant in the leaves of bean plants germinated from NSA-treated seeds. The results showed a clear insecticidal activity of
NSA. On the contrary, a positive effect of NSA was observed on shoot growth with treated plants which were about 66% higher than untreated plants. Finally, no
contamination by alumina particles was found by EDX system coupled with scanning electron microscopy (SEM) on the surface of P. vulgaris leaves obtained
from beans treated with NSA. The antifungal activity of NSA was also recorded The highest inhibition zone was demonstrated by the highest concentration of
NSA

Keywords: Antioxidant activities, Antibacterial activities, NSA, antifungal activities, insecticide activity,solid/liquid extraction , Surface response methodology,
Polyphenols, Phillyrea angustifolia, and Rhamnus alaternus
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