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Abstract

Using a variety of in-vitro, in-silico and in vivo models, the aim of the present study was to investigate
the antioxidant, anti-inflammatory, analgesic and anti-ulcerogenic activities of several extracts of
Anabasis articulata, a plant from the Algerian flora of arid and semi-arid regions belonging to the
Chenopodiaceae family selected on the basis of an ethnobotanical survey (n=182 respondents)
conducted at the El-Mergueb nature reserve. Identification of biomolecules, quantification of secondary
metabolites and performance of eight tests to study the antioxidant activity of the extracts: Total
antioxidant capacity (TAC), DPPH - 2,2-diphenyl-1picrylhydrazyl; ABTS - 2,2'-azino-bis 3-
ethylbenzothiazoline-6-sulfonic acid, hydroxyl radical scavenging, metal-chelating hydrogen peroxide
scavenging, reducing power test and -carotene bleaching assay. In vitro anti-inflammatory activity was
attested using the ovalbumin denaturation and BSA assay for DEAA, EEAA and their fractions.
Molecular docking was performed using Autodock vina. Single oral doses of 2000 and 5000 mg/kg
body weight were administered to albino mice to assess acute toxicity. The anti-inflammatory effect was
assessed using the carrageenan-induced paw edema model in rats, the croton oil-induced ear edema
model and the xylene-induced ear edema model in mice. Analgesic activity was achieved by
intraperitoneal injection of acetic acid. Gastroprotective activity was assessed using ethanol-induced
gastric ulceration in rats at doses of 50, 100 and 200 mg/kg p.o. for DEAA and 200, 400 and 600 mg/kg
p.o. for EEAA. The mechanistic study involved pretreatment with appropriate antagonists/inhibitors
such as glibenclamide, indomethacin and L-NAME. 46 plant species belonging to 23 botanical families
were identified for the treatment of various ailments. Seven metabolites present in the n-butanol, ethyl
acetate and chloroform fractions were qualitatively identified by LC-MS-MS: anthrone, beta-carotene,
butylhydroxyanisole, butylhydroxytoluene, gallic acid, myricetin and rutin. The results showed that
ChFA represents the largest quantity of total polyphenols and flavonoids. The n-butanol fraction showed
the highest amount of total tannins. Quantitative evaluation of DPPH scavenging capacity showed that
the ethanolic extract was the most active with IC50 values of 0.074+0.003 mg/mL, the chloroform
fraction (ChFA) had the strongest effect in TAC, hydroxyl radical scavenging and hydrogen peroxide
scavenging activity with EC50=0.151+0.0017, IC50=0.361+0.0087 and IC50=1.777+0.0402 mg/mL),
however, the nbutanol fraction had the highest activity in the ABTS radical scavenging test with an IC50
of 0.021£0.0007 mg/mL. All extracts showed good inhibition of linoleic acid oxidation. Good in vitro
anti-inflammatory activity was attested using the ovalbumin denaturation and BSA assays for DEAA,
EEAA and their fractions. Molecular docking of the identified biomolecules and the reference drug
(indomethacin) revealed good interaction with the inflammatory protein COX2 (3LNO). Acute toxicity
testing showed that DEAA and EEAA did not cause mortality or adverse effects. Oral administration of
100 or 200 mg/kg of DEAA and EEAA to rats and mice inhibited edema in three tests, with good
percentages for both doses of both extracts. The analgesic activity result showed a good effect compared
with the standard analgesic (aspirin) for the same doses and extracts. Oral administration of DEAA at
doses of 100 mg/kg or 200 mg/kg protected the gastric mucosa against absolute ethanol. Pretreatment
with L-NAME, an inhibitor of nitric oxide synthesis, indomethacin, an inhibitor of prostaglandin
production, or glibenclamide, a KATP channel blocker, reversed the gastroprotective activity of
(DEAA200 mg/kg, p.o.). DEAA effectively reduced basal gastric juice production without any effect
on total acidity. The gastroprotective action of DEAA involved an increase in antioxidant enzymes and
mucus secretion. This study provides for the first time the scientific basis for the traditional use of this
plant for gastro-preventive effect and supports the traditional use of this plant to treat certain disorders
linked to inflammation and oxidative stress. These results can be exploited in the pharmaceutical, food
and cosmetics industries.

Key words: Anabasis articulata, Oxidative stress, Molecular docking, Acute toxicity, Inflammation,
Analgesic, Gastric ulcer.



Reésume

En utilisant une variété de modéles in-vitro, in-silico et in vivo, le but de la présente étude était d'étudier
les activités antioxydante, anti-inflammatoire, analgésique et anti-ulcérogéne de plusieurs extraits
d'Anabasis articulata, une plante de la flore algérienne des régions arides et semi-arides appartenant a
la famille des Chenopodiaceae choisis sur la base une enquéte ethnobotanique (n=182 interrogés) menée
a la réserve naturelle El-Mergueb. L’identification des biomolécules, la quantification et de métabolites
secondaires et la réalisation de huit tests pour I'étude de l'activité antioxydante des extraits : Capacité
antioxydante totale (TAC), DPPH - 2,2-diphényl-lpicrylhydrazyl; ABTS - 2,2'-azino-bis 3-
éthylbenzothiazoline-6-acide sulfonique, pié¢geage du radical hydroxyle, piégeage du peroxyde
d'hydrogene chélatrice des métaux, test du pouvoir réducteur et dosage du blanchiment du B-caroténe.
L’activité anti-inflammatoire in vitro a été attestée en utilisant la dénaturation de I'ovalbumine et le test
BSA pour le DEAA, 'EEAA et leurs fractions. Le docking moléculaire a été effectuer en utilisant
I’ Autodock vina. Des doses orales uniques de 2000 et 5000 mg/kg de poids corporel ont été administrées
a des souris albinos pour évaluer la toxicité aigu€. L'effet anti-inflammatoire a été évalué en utilisant le
modele d'cedéme de la patte induit par la carragénine chez le rat, I'eedéme de 1'oreille induit par 1'huile
de croton et 'cedéme de 1'oreille induit par le xyléne chez la souris. L'activité analgésique a été réalisée
par injection intrapéritonéale d'acide acétique. L'activité gastroprotectrice a été évaluée en utilisant
l'ulcération gastrique induite par I'éthanol chez les rats a des doses de 50, 100 et 200 mg/kg p.o. de
DEAA et 200, 400 et 600 mg/kg p.o pour ’EEAA. L'étude mécaniste a impliqué des prétraitements
avec des antagonistes/inhibiteurs appropriés tels que le glibenclamide, I'indométacine et le L-NAME.
46 especes de plantes appartenant a 23 familles botaniques ont été recensées pour le traitement de
différentes affections. Sept métabolites présents dans les fractions de n-butanol, d'acétate d'éthyle et de
chloroforme ont été identifiés qualitativement par LC-MS-MS: anthrone, béta-caroténe,
butylhydroxyanisole, butylhydroxytoluéne, acide gallique, myricétine et rutine. Les résultats ont montré
que le ChFA représente la plus grande quantité de polyphénols totaux, de flavonoides. La fraction n-
butanol a montré la plus grande quantité de tannins totaux. L'évaluation quantitative du pouvoir de
piégeage de DPPH a montré que l'extrait éthanolique était le plus actif avec des valeurs ICso de
0.074+0.003 mg/mL, la fraction chloroforme (ChFA) a eu I'effet le plus fort dans le TAC, le piégeage
du radical hydroxyle et I'activité de piégeage du peroxyde d'hydrogéne avec ECso=0.151+0.0017, ICso=
0.361+£0.0087 et IC50= 1.777+0.0402 mg/mL), cependant, la fraction n-butanol a eu la plus grande
activité dans le test de piégeage du radical ABTS avec un ICso de 0.02140.0007 mg/mL. Tous les extraits
ont montré une bonne inhibition de l'oxydation de l'acide linoléique. Une bonne activité anti-
inflammatoire in vitro a été attestée en utilisant la dénaturation de 1'ovalbumine et le test BSA pour le
DEAA, I'EEAA et leurs fractions. L’amarrage moléculaire des biomolécules identifié et le médicament
de référence (I’indométacine) a révélé une bonne interaction vis a vis la protéine inflammatoire COX»
(BLNO). Le test de toxicité aigué a montré que DEAA et EEAA n'ont pas provoqué de mortalité ou
d'effets indésirables. L'administration orale de 100 ou 200 mg/kg de DEAA et dEEAA a des rats et a
des souris a inhibé I'eedéme dans trois tests avec un bon pourcentage pour les deux doses des deux
extraits. Le résultat de ’activité analgésique montre un bon effet comparé a 1'analgésique standard
(I’aspirine) pour les mémes doses et extraits. L'administration orale de DEAA a des doses de 100 mg/kg
ou 200 mg/kg a permis de protéger la muqueuse gastrique contre 1'éthanol absolu. Le prétraitement par
le L-NAME, un inhibiteur de la synthése de l'oxyde nitrique, I'indométacine, un inhibiteur de la
production de prostaglandines, ou le glibenclamide, un bloqueur du canal KATP, a inversé l'activité
gastroprotectrice de (DEAA200 mg/kg, p.o.). La DEAA a réduit efficacement la production basale de
suc gastrique sans aucun effet sur 1'acidité totale. L'action gastroprotectrice de la DEAA a impliqué une
augmentation des enzymes antioxydantes et de la sécrétion de mucus. Cette étude fournit pour la
premiére fois les bases scientifiques de l'utilisation traditionnelle de cette plante pour 1’effet gastro-
préventif et soutient l'utilisation traditionnelle de cette plante pour traiter certains troubles liés a
l'inflammation et au stress oxydatif. Ces résultats peuvent étre exploités dans le domaine des industries
pharmaceutiques, alimentaires et cosmétiques.

Mots clés: Anabasis articulata, Stress oxydatif, Docking moléculaire, Toxicité aigué, Inflammation,
Analgésique, Ulcére gastrique.



ABTS: 2.2’-Azino-bis-(3-ethylbenzenothiazoline-6-sulfonic
Ach: Acetylcholine.

AChE: Acetylcholinesterase

AChEI: Acetylcholinesterase inhibitors

AICI3: Aluminium tri-chloride

BHT: Butyl hydroxyl toluene

CAT: Catalase

CE: Crude extract

COX: Cyclooxygenase

DPPH: 2, 2-diphenyl-1-picryl-hydrazyl

DW: Dried weight.

FRAP: Frric reducing antioxidant power assay
GAE: Gallic acid equivalents

GPx: Glutathione peroxidase

GSH: Glutathione

H20:: Hydrogen peroxide.

HPLC: High-performed liquid chromatography
IC 50%: Inhibitory concentration for 50% of activity
LDso: Lethal dose, 50%.

LPO: Lipid peroxidation

MDA: Malondialdehyde

NO: Nitric oxide

NOe : Nitrogen free radical

NOze : Nitrogen dioxide

NOS: Nitric oxide synthase

NSAIDs: Non-steroidal anti-inflammatory drugs
O2¢— : Superoxide radical

List of abbreviations

acid)

OECD: Organisation for Economic Co-operation and Development

PGs: Prostaglandins

QE: Quercetin equivalents
RNS: Reactive nitrogen species
ROS: Reactive oxygen species
SEM: Standard error of the mean
SOD: Superoxide dismutase
TAC: Total antioxidant capacity
TAE: Tannic acid equivalents
TBA: Thiobarbutiric acid
TCA: Trichloro-acetic acid
TFC: Total flavonoid content
TNF: Tumor necrosis factor
TPC: Total phenolics content

UHPLC-MS: Ultra-High performance liquid chromatography-mass spectrometry
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Introduction

The usage of medicinal plants has increased in recent years, most likely as a result of their
cultural value, local abundance, and low cost of acquisition (Thomford et al., 2015). Medicinal
plants are thought to be a promising source of bioactive chemicals. The majority of these plant
derived medications were found via the study of traditional treatments and indigenous
knowledge. Despite great advances in synthetic chemistry, some substances them could not be
replaced (Hudaib et al., 2008). Medicinal plants are important for maintaining public health
since up to 80% of people in underdeveloped nations, such those in Africa, still rely on them for
their primary medical requirements (Okaiyeto and Oguntibeju, 2021). Over 25% of
contemporary medications contain one or more active ingredients derived from plants,

according to the World Health Organization (WHO) (Benarba et al., 2015).

Oxidative stress has gained attention across the board in the medical community because it plays
a significant role in the pathophysiologic process of numerous chronic diseases, including
atherosclerosis, cancer, diabetes, rheumatoid arthritis, cardiovascular disease, aging, and other
degenerative diseases in humans (El-Bahr, 2013). The imbalance between pro-oxidant and
antioxidant homeostasis, which results in an excess of free radicals damaging biomolecules, is
what is known as oxidative stress. Additionally, there is proof that oxidative stress is essential
to the initiation and maintenance of inflammation, which in turn promotes the emergence of

chronic inflammation-related diseases (Lugrin et al., 2014).

The reactive state of hyperemia and blood vessel exudation, followed by redness, heat, swelling,
and pain that a tissue displays in response to chemical or physical harm or bacterial invasion, is
called inflammation (Okoli et al., 2003). Unfortunately, the drugs that are currently available to
treat pain and inflammation, particularly in chronic illnesses, have a number of side effects and
a limited effectiveness (Abdallaha et al., 2014). Long-term use of nonsteroidal antiinflammatory
medicines (NSAIDs) has been associated with severe side effects, including bleeding in the

gastrointestinal tract (Li et al., 2003).

Many individuals all around the world suffer from the chronic illness as gastric ulcers.
(Kangwan et al., 2014) Helicobacter pylori, NSAID usage, and stress all have an impact on
(Stewart and Ackroyd, 2011). Its detrimental effects came from the disruption of the natural
defensive agents such as the mucosal bicarbonate barrier, prostaglandin E2, cell regeneration,
and antioxidant markers and endogenous offensive factors such as hydrochloric acid, pepsin,

and reactive oxygen species (Farzaei ef al., 2015).
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Pain is a warning system that alerts the body to tissue damage. The pathophysiology of pain
involves several biological events, including the activation of nociceptive receptors and the
enzyme cyclooxygenase 2 (COX-2) (Van Rensburg and Reuter, 2019). Pain, regardless of
aetiology, is usually caused by inflammation. With the discovery of the involvement of
inflammatory cytokines, many anti-inflammatory medications may ease inflammation and pain

(Bost et al., 2010).

Molecular docking is a crucial bioinformatic method that forecasts the probable direction of
experimentation and the binding affinity necessary to create a stable complex structure between
a ligand and a target. (Kumar and Kumar, 2019). The results of molecular docking can be used
to evaluate and supplement biological experimentation findings. The impact of a molecule on
the functioning of a system is evaluated experimentally in biological experiments. Binding

assays and cell or organism activity tests are examples of these tests (Mathammal ez a/., 2013).
In the present study, the following objectives are formulated:

After choosing our plant Anabasis articulata (Forssk.) Moq. or El-Ajrem, as it is known locally

and, belongs to the Chenopodiaceae family using an ethnobotanical survey we investigated,
» The extraction of phenolic compounds from medicinal plants using organic solvents.

» The identification qualitatively of polyphenols in fractions of 4. articulata using ultra-
High performance liquid chromatography (UPLC) coupled with triple quadrupole mass
spectrometry (MS/ MS) based on multiple reactions monitoring (MRM).

» The determination of polyphenols, flavonoids and tannins contents in different plant

extracts.

» The evaluation of the in vifro antioxidant activity of plant extracts using different
methods (DPPH, ABTS radical scavenging activities, metal chelating activity, reducing
power test, Hydroxyl radical scavenging, scavenging effect on hydrogen peroxide and

[-carotene bleaching assay).

» The molecular docking study of the organic molecules that have been detected from the

plant was performed.

» The studying of in vitro and in vivo anti-inflammatory activity of plant extracts using
different methods as protein denaturation method, Carrageenan induced paw edema and

Croton-oil/Xylene-induced ear edema.
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The exploring of the analgesic properties of extracts.

The studying of the anti-ulcerogenic activity of plant extracts (decocted and ethanolic

extracts) using ethanol-induced gastric ulceration in rats.

The evaluation of the in vivo antioxidant activity of decocted extract by assessing the

MDA and SOD levels, and catalase activity.
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I. Oxidative stress
1.1. Definition

Oxygen is essential to our survival, our life, our development and our ability to adapt, but it is
also a source of toxicity, acidity, deterioration and degeneration. In fact, when oxygen
metabolism is deregulated, it can lead to what is known as "oxidative stress" (Gibson et al.,
2007). Oxidative stress can form partially reduced, highly toxic species known as free radicals
or reactive oxygen species (ROS) and reactive nitrogen species (RNS). Radical or non-radical,
they are permanently produced by several cell types in aerobic organisms (Phaniendra et al.,
2015). Oxidative stress is the inability to defend against the aggression of ROS, due to an
imbalance between the production of these substances and the defense capacity of antioxidants

(Vona et al., 2021).

I.2. Reactive oxygen species

Reactive species are oxygenated chemical species such as Oje-derived free radicals (ROS),
while reactive nitrogen species (RNS) are considered a subclass of ROS, and are generated
from the reaction of oxygen with nitrogen (Jha et al., 2017). These reactive oxygen and nitrogen
species include not only free radicals but also non-radical derivatives. The latter can be highly
reactive, being precursors of free radicals (Jomova et al., 2023). ROS represent the most
important class of reactive species generated in living organisms, due to the importance of
aerobic metabolism (Arnhold, 2020). In the body, the physiological production of reactive

species is continuous.

Reactive oxygen species (ROS) include free radicals with at least one free electron on the outer
layer (hydroxyl radical OHe, superoxide radical, peroxyl radical ROO¢) and non-radical
derivatives with very high reactivity, such as hydrogen peroxide H202, singlet oxygen 102 and

hypochlorous acid HOCI (Chu et al., 2010).
I.2.1. Free radical species

1.2.1.1. Superoxide anion Oz¢
The O+ radical spontaneously dismutes at physiological pH to produce hydrogen peroxide and
is generated by the monovalent reduction of molecular oxygen. This reaction seems to be

catalyzed mainly by membrane NADPH oxidases (Pisoschi and Pop, 2015).
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1.2.1.2. Hydroxyl radical HOe
The pathways leading to the formation of this radical: Fenton reaction (the one involving
transition metals) and Haber-Weiss reaction (H2O> can also react with the superoxide radical,

resulting in the production of HO) (Collin, 2019).
Fe** + H,0; — Fe*" + HO+ + HO®

1.2.1.3. Nitric oxide NO

Synthesized in endothelial cells from arginine and O by NO synthase enzymes as illustrated in
Figure 1. It can react with most oxygen species to form nitrogen dioxide (NOz), which in turn
can form nitrogen trioxide (N203), and finally a stable nitrate ion (NO2 ); in addition, nitric

oxide forms peroxynitrite with O2 (Maron and Michel, 2012; Umbrello ef al., 2013).

H>N HLoN
#NH >=O
HN HN
NO Synthaseo
+ NADPH + O,

ot
H,oN HoN
o o
HO HO

L-arginineg L-citruiline

Figure 1: Summary of biological NO- synthesis (Pacher et al., 2007).

1.2.1.4. Alkyl radicals Re
Generally derived from the action of hydroxyl radicals on biological substrates by hydrogen

atom abstraction or addition to double bonds (Crespi and Fagnoni, 2020).

1.2.1.5. Peroxyl radicals ROO-

Peroxyl radicals are secondary radicals formed by the addition of oxygen to carbon-centered

radicals Re (Crespi and Fagnoni, 2020).
1.2.2. Non-radical species

1.2.2.1. Hydrogen peroxide H20:2

Hydrogen peroxide formed by the dismutation of O+ by superoxide dismutase or produced by
the bivalent reduction of oxygen by a large number of dehydrogenases. In the presence of
transition metals (iron and copper), H2O> gives rise to a highly reactive HO* hydroxyl radical

via the Fenton reaction (Huang and Groves, 2018).
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1.2.2.2. Singlet oxygen (102)
Oxygen with antiparallel spins. It produced at high oxygen pressures by absorption of UV rays
disappears too quickly to be toxic in vivo (Hackbarth et al., 2023).

1.2.2.3. Hypochloric acid HOCI
Produced in neutrophils, its toxicity is mediated by halogenation and oxidation reactions

(Eryilmaz and Palabiyik, 2013).

1.2.2.4. Peroxynitrite ONOO
A highly reactive and toxic compound, responsible for the oxidation of many biomolecules

(proteins, lipids and nucleic acids) (Martemucci et al., 2022).

non-radical
ROS

molecular oxygen singl

hydrogen peroxldo' ‘ hypochlorous acid

hydroxy! radical %
- peroxy radicals

" Radical
ROS

Figure 2: Reactive species: Reactive nitrogen species (RNS) and reactive oxygen species
(ROS) including free radicals and non-radical derivatives (Herb and Schramm, 2021).

1.3. Sources of ROS and RNS

There are many different sources of oxidative stress as illustrated in figure 3. Excessive
production may occur, resulting in heavy metal toxicity and mitochondrial malfunction.
Activation of enzymes, free iron release from chelating proteins, and molecular oxidation,
among other things (Ranjbar er al., 2014). Oxidative stress can come from a variety of

environmental and endogenous factors.
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The main source of ROS is the mitochondria, via its respiratory chain. In fact, it produces 90%
of cellular ROS (Pisoschi and Pop, 2015). There are many other sources, including the
autooxidation of small molecules, cyclooxygenases and lipo-oxygenases, xanthine oxidase,
NADPH oxidase, the endoplasmic reticulum and peroxisomes (Verma et al., 2023).

Environment and lifestyle can play a direct or indirect role in the generation of these reactive
species in biological systems. lonizing and non-ionizing radiation, toxic gases such as ozone
03, toxins, drugs, pesticides, tar, certain food preservatives such as sulfur dioxide, smoking,

alcohol ingestion and industrial pollutants are all examples (Kardeh et al., 2014).
1.3.1. Environmental factors

They are mainly of physical and chemical origin and exist as a result of interactions with the
surrounding environment for examples: much of the food we eat is oxidized, containing various
types of oxidants such as peroxides, aldehydes, oxidized fatty acids and transition metals
(Birben et al., 2012). Tobacco smoke directly delivers oxygen radicals to the lungs and also
releases them by indirect mechanisms. In total, cigarette smoke contains more than 200
prooxidant compounds (Taylor et al., 2016). Toxic metals (chromium, vanadium, copper) and
also free iron generate HO- radicals in the presence of H>O> by the Fenton reaction (Valko et
al., 2005). Ionizing radiation such as X-rays or gamma rays can directly generate HOe by
radiolysis, whereas ultraviolet A rays generate O>+ and 10, by photo-activation of molecules
present in the skin (Reisz et al., 2014). Various pollutants, industrial solvents (Antiseptics and
pesticides) and chemical reagents can generate reactive oxygen species (ROS) (Tandon and
Singh, 2016). Inhalation of certain particles such as asbestos or silica, which also generate ROS,
partly because they exacerbate phagocytosis, and partly because their surface is coated with

iron salts (Dostert et al., 2008).
1.3.2. Endogenous sources

As ROS are produced continuously throughout the life of every cell in the body intracellular
systems are more important. Under normal physiological conditions, the mitochondrion is the
major source of cellular O2¢ production, through the partial reduction of NADH dehydrogenase
and ubiquinone/ ubisemiquinone /ubiquinol by complex I and III respectively (Tirichen ef al.,
2021). In addition, other electron transport chains (peroxisomes and microsomes) appear to be

the major endogenous sources of ROS (mainly H>0O») via the B-oxidation of fatty acids in
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aerobic cells (Chaudhary et al., 2023). During inflammatory processes, activated neutrophils
produce O+ via the action of membrane-bound NADPH oxidase on molecular oxygen.
Neutrophils also produce the NO radical, which is the source of a more reactive molecule,
ONOO , a powerful oxidant that can break down to form HOe. This mechanism, when
controlled, is crucial in the fight against infection, as it enables the digestion of phagocytosed
material (Belambri et al., 2018). Several enzymatic systems produce ROS during biochemical
reactions. Cytochrome P450 in the electron transport chain of microsomes can produce ROS
when they interrupt the normal redox cycle and divert the flow of electrons to O». Cytochrome
P450 can directly reduce O> to O+ causing oxidative stress (Ozcan and Ogun, 2015). During
purine catabolism, xanthine oxidoreductase catalyzes the oxidative hydroxylation of
hypoxanthine to xanthine and subsequently xanthine to uric acid, producing ROS (particularly

02+ and H,0,) (Kelley et al., 2010).
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Figure 3: Reactive oxygen species and reactive nitrogen species (ROS and RNS) and their
sources from endogenous and environmental factors (Thanan et al., 2014).

1.4. Harmful effect of ROS and RNS on biomolecules

Free radicals have important role in human body, it is product normally with low amount by
various physiological mechanisms. Excess formation of free radical can initiate series of
chemical reaction and cause damage to cellular components such as damage of DNA,
oxidations of polydesaturated fatty acids in lipids, oxidations of amino acids in proteins,

oxidatively inactivate specific enzymes by oxidation of co-factors (Lobo et al., 2010).
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1.4.1. Effects of oxidative stress on lipids

Polyunsaturated fatty acids are the major lipid target of ROS, the more unsaturated the fatty
acid, the more likely it is to be peroxidized. Polyunsaturated fatty acids are particularly
susceptible to attack by HOe (Catala, 2013). This reaction is known as lipid peroxidation, and
leads to the formation of numerous toxic derivatives, including MDA (malondialdehyde). It
also leads to an increase in cell membrane permeability, resulting in irreversible alteration of

the cell's functional properties, up to and including complete lysis (Ayala et al., 2014).

1.4.2. Effects of oxidative stress on DNA

Nucleic bases are susceptible to direct oxidation by ROS. Hydrogen abstraction from DNA by
OH- leads to hydroxylation of purine and pyrimidine bases, and these actions represent the most
common alterations of nuclear and mitochondrial DNA attacked by ROS. Radical attack can
lead to base oxidation, producing a large number of modified bases. These modifications will
subsequently disrupt transcription and translation, resulting in the formation of a truncated
and/or non-functional protein. These alterations are often at the root of mutagenesis (Cadet et
al., 2015). One frequent DNA damage is the oxidation of guanine by the hydroxyl radical to
form 8-hydroxy-guanine (8-OHG). The latter is considered a marker of nucleic damage and

carcinogenesis. ROS also cause DNA damage, leading to cell death and aging (Dabrowska and
Wiczkowski, 2017).

1.4.3. Effects of oxidative stress on proteins

Proteins are also targets for ROS. All amino acids are sensitive to oxidation in particular
aromatic amino acids such as tryptophan, tyrosine and histidine, on which OHe is added,
modifying the conformation of the protein (Dominguez et al., 2021). Proteins with a sulthydrile
(SH) group are the most vulnerable to radical damage (Aldini et al., 2018). Protein oxidation
processes are classified into two types: those that cleave peptide bonds and change the peptide
chain, and those that modify peptides by adding lipid peroxidation products such as 4-HNE
(4hydroxynonenal) (Hu et al., 2017). Proteins impacted by these alterations typically lose their
structural or catalytic properties, making them more vulnerable to protease activity and
ultimately destroyed (Xie et al., 2023). Alternatively, oxidized proteins can become extremely

hydrophobic by the creation of aberrant clusters inside or outside of cells, the externalization
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of core hydrophobic zones, or the suppression of ionizable amine groups (Orrenius et al., 2007).
Carbonyls are the primary byproducts of protein oxidation and are utilized as indicators of

oxidative stress (Estévez et al., 2022).

1.4.4. Effects of oxidative stress on glucide

Specifically, ROSs tend to attack glycose and cartilage proteoglycans. Straightforward glucose
oxidation produces carbonyl compounds, which can then combine with a protein to make
glycosylation end products (GEPs) (Lorenzo et al., 2013) or by the formation of a covalent
bond between an glucide and the free amino groups of a protein to give a glycated protein that
can be attacked by ROS to form PFGs (Sun et al., 2016). In the presence of transition metals,
PFGs promote O release, weakening vascular walls and the retina in diabetic patients

(Mengstie et al., 2022).

1.5. Antioxidants

An antioxidant is defined as any chemical that slows, stops, or fixes oxidative damage to a
target molecule (Carocho and Ferreira, 2013). Antioxidants are chemicals that are naturally
created by the body or obtained from nutrition to counteract the damaging effects of radicals
during oxidative stress (Chaudhary ef al., 2023). Antioxidants can be divided into two types

based on their origin: enzymatic and non-enzymatic antioxidants.

L.5.1. Enzymatic antioxidants

Enzymatic antioxidants are molecules capable of neutralizing the harmful effects of ROS
through the endogenous enzymatic defense system, such as SOD, catalase and the glutathione

peroxidases and reductases found in the body (Mehta and Gowder, 2015).

I.5.1.1. Superoxide dismutase (SOD)

As the primary antioxidant enzyme, SOD serves as the first line of defense against ROS. The
transformation of superoxide ions into hydrogen and oxygen peroxide is catalyzed by these

metalloenzymes (Mishra and Sharma, 2019).

Three isoforms (SOD1, SOD2, and SOD3) of this family exist in mammals; they differ in terms

of their cellular location and metal cofactor: Cu/Zn-SOD, which is linked with copper and zinc
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ions in the cytosol; Mn-SOD, which is connected with manganese in the mitochondria; and

ECSOD, which is associated with extracellular matter (Fukai and Ushio-Fukai, 2011).

1.5.1.2. Catalase (CAT)

The intracellular enzyme catalase is mostly found in peroxisomes. It is mostly present in the
liver and red blood cells, where it catalyses the H>O> detoxification process, which is often

generated by SOD (Shin et al., 2018).
1.5.1.3. Glutathione peroxidase (GPx)

Glutathione peroxidase (GPx) is responsible for reducing organic hydroperoxides (ROOH) to
alcohols and hydrogen peroxide to water molecules. Two glutathione (GSH) molecules are
needed for this process in order for them to be transformed into glutathione disulphide (GSSG).

Glutathione peroxidase is an enzyme located in the cytosol and mitochondria. (Pei et al., 2023).
1.5.1.4. Glutathione reductase

An enzyme called glutathione reductase is found in the mitochondria and cytoplasm. It is a
homodimeric flavoenzyme that regenerates GSH from GSSG. Each subunit of GR has FAD at
its active site. NADPH, a cofactor used by glutathione reductase, first converts FAD to FADHo.
Then, on the -S-S-disulfide bridge of the enzyme, FADH2 serves as a source of electrons,

reducing GSSG to GSH (Cénas et al., 2021).
1.5.2. Non-enzymatic antioxidants

To combat harmful reactive oxygen species (ROS), our bodies have their own antioxidant
defense systems, but others are provided by healthy, balanced diet rich in antioxidants. Among
these exogenous antioxidant molecules are vitamins E and C, as well as plant phytoconstituents

such as polyphenols, carotenoids and others (Chaudhary et al., 2023).
1.5.2.1. Vitamins

a. Ascorbic acid or vitamin C
It is thought to be the strongest antioxidant. It inhibits the oxidation of "light density lipids"

(LDL), which are created by activated endothelial cells, myeloperoxidase, and other

11
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mechanisms that generate reactive oxygen species. In addition to directly reacting with ROS
like OHe- and O2e-, vitamin C is crucial for the regeneration of oxidised vitamin E during its

oxidation to dehydroascorbic acid (Carr et al., 2000).

b. Vitamin E

All compounds that share the biological functions of the tocopherol family are collectively
referred to as vitamin E. Four isomeric tocopherols a, B3, v, and d are present in the natural form
of vitamin E with varying levels of antioxidant activity. a-Tocopherol is the most active form
of the tocopherol class and is synthesized by plants (Jiang, 2014). A pyroxyl lipid radical
(LOOe) is captured by vitamin E through membrane binding, therefore halting the lipid
peroxidation process cycle. subsequently, it transforms into a less potent radical that another

antioxidant molecule can subsequently absorb (Jomova et al., 2023).

c. Vitamin A

Vitamin A acts on ROS by forming a vitamin A radical, which may act as an antioxidant by
reacting with another radical to form a non-radical, or be regenerated as vitamin A. In excess,

vitamin A may act as a pro-oxidant, promoting DNA oxidation (Didier ef al., 2023).

1.5.2.2. Polyphenols

Phenolic compounds are a family of molecules widely distributed in the plant reign. Phenolic
compounds (phenolic acids, flavonoids and tannins) form the most important group of
phytochemical compounds in plants. They possess more than two aromatic -OH groups and at
least one aromatic benzene ring. They are biologically active molecules (Cartea ef al., 2010).
Recent research on phenolic compounds in general is very advanced, due to their diverse
activities as vasoconstrictors, anti-inflammatories, enzyme inhibitors, antimicrobials,
antioxidants and anti-free radicals (Jakubczyk et al., 2020). Polyphenols are capable of
scavenging radical species and chelating transition metals such as iron and copper, which
catalyze oxidation. The beneficial effects of polyphenols are of particular interest to

phytotherapy (Lakey-Beitia ef al., 2021).
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a. Phenolic acids

Phenolic acids are found in a number of agricultural and medicinal plants. These compounds
are derived from two distinct subgroups, hydroxycinnamic acids, the most abundant of which
are caffeic acid, ferulic acid, chlorogenic acid and hydroxybenzoic acids, but the most
widespread are salicylic acid and gallic acid. They are considered phytochemicals with
prebiotic, antioxidant and anti-inflammatory effects (Salau et al., 2020). Some phenolic acids
have anticancer effects, such as ferulic acid and caffeic acid, which prevent the formation of
lung cancer in mice, and gallic acid, which inhibits the formation of oesophageal cancer in rats

(Gomes et al., 2003).

b. Flavonoides

Flavonoids represent a very wide range of natural compounds belonging to the polyphenol
family. They are virtually universal plant pigments, and are partly responsible for the coloring
of flowers, fruit and sometimes leaves (Liu et al., 2022). Flavonoids all have the same basic
chemical structure, with a carbon skeleton of 15 carbon atoms consisting of two aromatic rings
(A) and (B) linked by a C3 chain, and the 3-carbon bridge between the two phenyls generally
forming a third pyran ring (Castellano ef al., 2013). Flavonoids play a number of roles, such as
protecting tissues against the harmful effects of UV radiation, and also helping to defend plants

against pathogenic micro-organisms.

c. Tannins

Tannins are hydrosoluble phenolic compounds with a molecular weight of between 500 and
3000 Da. They have high antioxidant capacities due to their phenol nuclei, which enable them
to trap free radicals and inactivate pro-oxidant ions (Dehghanian et al., 2022). Studies have
shown that many tannins have anti-inflammatory, antifungal, anti-tumor, antiviral and

antidiarrheal properties (Fraga-Corral ef al., 2021).

* Hydrolysable tannins: Compounds known as hydrolyzable tannins are those that have
a core of glucose or another polyol esterified with either hexahydroxydiphenic acid, also
known as ellagitannins, or gallic acid, also known as gallotannins (Macakova et al.,
2014).
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* Condensed tannins: Condensed tannins consist of flavan-3-ol nuclei forming
oligomers or polymers. They are also known as proanthocyanidins because, in hot

ethanol solutions, they break down into anthocyanidins. (Qi et al., 2023).

Forming insoluble complexes with proteins, polysaccharides, nucleic acids, and alkaloids is one
of tannin's distinctive characteristics. Within this broad category, tannins display several distinct

bioactivities that are frequently connected to their antioxidant capacity (Haslam, 2007).

II. Inflammation

Inflammation is the response of vascularized living tissue to an internal or external stimuli, such
as an infection or damage (Chen et al., 2018). When tissue homeostasis is compromised, the
innate and adaptive immune systems' defense against pathogenic intruders causes
inflammation, which is a ubiquitous phenomenon. (Ashley et al., 2012). Since inflammation
drives the immune system to eradicate the infection and repair tissue damage, it often has a
favorable effect (Megha et al., 2021). When a pathogen is aggressive, persistent, or occurs in a
particular place, or when the inflammatory process is not properly controlled, or when the cells
involved exhibit abnormalities in terms of quantity or quality, inflammation can occasionally
be harmful. (Jain et al., 2015). Inflammation is accompanied by the synthesis of several
inflammatory mediators such as cytokines, leukotrienes, and prostaglandins (Noack and
Kolopp-Sarda, 2018). In addition, inflammatory cells can produce reactive oxygen species
(ROS) and nitrogen, which can trigger toxic oxidation reactions, leading to tissue damage
(Majdalawieh and Fayyad, 2015). The inflammatory responses may be localized or systemic,
specific or non-specific to the antigen (Wang et al., 2015), it can be acute or chronic; the first
is an immediate, short-term response that generally passes completely on its own or with
treatment. However, it can develop into a chronic inflammation, which can be linked to a variety

of diseases (Oronsky et al., 2022).

II.1. Acute inflammation

Acute inflammation is a short-term reaction to unpleasant stimuli. It is distinguished by an
increase in the movement of plasma and blood leukocytes into injured tissues. A cascade of
metabolic processes initiates the inflammatory response (Banerjee, 2014). The appearance of
signs is often abrupt and followed by severe vasculo-exudative symptoms. It is recognized by

four major symptoms: redness, heat, swelling, and pain (Miyasaka and Takatsu, 2016). Acute
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inflammatory reactions have three major phases. the vascular phase, the cellular phase, and the

resolution phase (Arulselvan et al., 2016).
I1.1.1. Vascular phase

Acute inflammation is a typical occurrence in vascularized tissues. Microvascular permeability
is an early indicator of a change in vascular flow and vessel caliber (Santos and Reis, 2010).

The main signs of inflammation are illustrated in Figure 4. Pain occurs due to activation of
nociceptors which become sensitized with a lower threshold for activation. Redness is due to
local vasodilation with increased blood flow to the affected area. Warmth, due to a combination
of increased local blood flow and increased cellular metabolic activity. Swelling occurs due to
increased capillary permeability, with plasma extravasation and localized edema (Gebhart and

Schmidt, 2013).
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Figure 4: Tissue and vascular changes during a local inflammatory event; the cardinal signs of
inflammation (Varela et al., 2018).
The vascular phase comprises three basic changes: active congestion, inflammatory edema and

leukocyte diapedesis (Lee and Surh, 2012a).

Active congestion is caused by a vasodilation that occurs after a brief period of vasoconstriction,
lasting only a few seconds and triggered by the sympathetic nervous system (Zeghal and
Sahnoun, 2013). A few seconds of vasoconstriction will interrupt platelet mobility in the
circulation and activate them, causing the release of mediators such as serotonin and histamine

(Chaudhary et al., 2022). The release of vasoactive factors causes significant vasodilation,
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resulting in an increase in blood flow. This early hemodynamic change in inflammation,
combined with the increased permeability of the microvasculature, causes a slowing of
circulation and stasis, known as active congestion (Vohr, 2016). The increase in
microcirculatory flow somewhat explains the appearance of heat and redness (Jacobi et al.,

2006).

Inflammatory edema develops when an excessive quantity of exsudat, a liquid made up of water
and plasmic proteins, accumulates in the interstitial tissue or serous cavities. It is induced by a
rise in hydrostatic pressure as a result of vasodilation, as well as an increase in the permeability
of the walls of tiny capillaries due to the action of chemical mediators such as histamine.
Plasmatic exudation promotes tissue distension and increased pressure on local nerve terminals.

This clarifies the symptoms of tumescence and discomfort (Dorward et al., 2012).

Diapedesis, also known as transendothelial migration, as illustrated in Figure 5, is the process
by which leukocytes migrate through endothelial cells. This transendothelial migration takes

place in four sequential steps: capture, rolling, cell adhesion and diapedesis (Muller, 2011).

1 2 3 4 5
Endothelial activation and Capture and Activation and Transendothelial  Migration through basement
leukocyte margination rolling firm adhesion migration membrane and tissue
Blood flow
Leukocytes
Endothelium

Basement membrane
-

Fibroblast —==
>
Macrophage

Figure 5: Leucocytes migrate from blood vessels to the inflammatory site (Manning et al.,
2021).

Polynuclear cells are the first to migrate, followed by monocytes and lymphocytes. Leukocytes
migrate out of the microcirculation and accumulate in the lesion site, triggering the cellular

phase (Steinmann et al., 2013).

I1.1.2. Cellular phase

Endothelial cells and circulating leucocytes are the main players in this phase, which comes
after the vascular reaction. Extravascular interstitial leucocyte inflow is characteristic; within

the first 6 to 24 hours, polynucleated cells move to the inflammatory site, and over the next 24
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to 48 hours, monocytes and lymphocytes follow. Then, utilizing a gradient of chemical
concentrations known as chemoattractant as guidance, they head straight towards the source of
the inflammation (Wagner and Roth, 2000). The pathogen is eliminated at the inflammatory
site by phagocytosis and the release of hydrolytic enzymes, such as collagenase, elastase, and
protease. On the other hand, macrophages facilitate the removal of cellular and tissue waste and

the cleansing of the inflammatory environment (McCarty et al., 2012).

I1.1.3. Resolution phase

The resolution or regeneration phase is characterized by the elimination or detachment of the
causative agent and cellular and tissue debris from the inflammatory environment, either
internally (phagocytosis and pinocytosis), or externally through natural orifices or abscess
creation. The severity of healing depends on the amount of chemical substances lost during the
acute phase (Weill and Batteux, 2003). The conjunctival tissue is rebuilt by collagen synthesis,
cellular multiplication (fibroblasts), and vascular neogenesis from persisting or peripherally
located capillaries. The healing of a wound entails cell proliferation, active cell migration, and
the creation of extracellular matrix (Lambole and Upendra, 2012). The duration of wound
healing and repair is determined by the size and depth of the lesion. Several cells interact in this
complex process, including endothelial cells, fibroplasts and keratinocytes (Eming et al., 2014).
Vasoconstriction occurs during the inflammatory phase, which encourages the release of
inflammatory mediators. the proliferative phase, which is marked by angiogenesis and
fibroblasts primarily producing granulation tissue. Tensile strength is increased during the
remodelling phase, which is marked by the reformulation and enhancement of collagen fibre

components (Rodrigues et al., 2019).

The overproduction of connective tissue during cicatrix development leads to hypertrophic
cicatrices and cysts. Additionally, a lack of deterrence might lead to the persistence of

inflammatory phenomena, resulting in chronic inflammation (Murti and Kumar, 2012).

II.2. Chronic inflammation

Chronic inflammation is a failure of acute inflammation and is also caused by some
autoimmune diseases. It is characterized by a protracted duration (Lawrence and Gilroy, 2007).
As demonstrated in Figure 6, chronic inflammation is an inflammation that has no tendency to

heal spontaneously and evolves by persisting or worsening for several months or years (Noack
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and Kolopp-Sarda, 2018). The cellular and vascular phases of inflammation coexist throughout
its course, in contrast to acute inflammation, when they occur independently (Howcroft et al.,
2013). During chronic inflammation, a variety of intracellular signaling pathways are activated,
including cell surface receptors, tyrosine kinases, and transcription factors, resulting in the
overexpression of proinflammatory genes (de Lavor et al., 2018). It is associated with the
invasion of mononuclear immune cells, macrophages, monocytes, neutrophils, fibroblast

activation, proliferation (angiogenesis) and fibrosis (Kumar et al., 2013).

Unlike in acute inflammation, vascular and cellular phases do not follow one another, but
coexist throughout the evolution of this inflammation. Chronic inflammation often leads to loss

of tissue or organ function. Phenomena of tissue destruction and attempted repair are also

present (Lee and Surh, 2012).
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Figure 6: The different possible outcomes of acute inflammation (Centanni et al., 2023).
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II.3. Treatment of inflammation

I1.3.1. Nonsteroidal anti-inflammatory drugs

Worldwide, one of the most popular treatment classes is that of nonsteroidal anti-inflammatory
medicines (NSAIDs). Along with their anti-inflammatory qualities, these drugs offer analgesic
and antipyretic effects. Cyclooxygenase inhibition, which results in prostaglandin production,
is primarily responsible for the effects of NSAIDs. Depending on whether salicylated AINS is
used, this inhibition may be irreversible or absent from other AINS (Sohail et al., 2023).
Unfortunately, there are often undesirable side effects, such gastrointestinal problems,

associated with using synthetic anti-inflammatory medicines (Drina, 2017a).

The impossibility of dissociating the therapeutic effects of NSAIDs from their adverse effects
is explained by their mechanism of action. NSAIDs competitively inhibit the biotransformation
of arachidonic acid into prostaglandin H> (PGHb») by cyclooxygenase. This inhibition makes it
impossible for PGH> to be converted into prostanoids by the specific isomerases

Cyclooxygenase exists in two forms: cyclooxygenase 2 (COX>) and cyclooxygenase 1 (COX)
(Gunaydin and Bilge, 2018). COXz is inducible, and its synthesis is stimulated by TNFa and
interleukin 1. It is involved in inflammation and some processes associated with cell
proliferation. COXj, on the other hand, is a constitutive enzyme present in most tissues, and is
involved in protection of the gastric mucosa, platelet aggregation, vascular homeostasis and
maintenance of hydrosodium balance (Gandhi ef al., 2017). Inhibition of COXj, due to a lack
of specificity of action when NSAIDs are used, is the cause of the adverse effects of these drugs.

This calls for the development of COX>-selective NSAIDs (Tréchot and Jouzeau, 2014).

I1.3.2. Steroidal anti-inflammatory drugs

Steroidal anti-inflammatories (SIAs) or glucocorticoids are synthetic molecules derived from
natural hormones (cortisone and cortisol) or hemi-synthesized from animal or plant extracts.
They have anti-inflammatory, analgesic and immunosuppressive properties (Coutinho and
Chapman, 2011). Glucocorticoids act at multiple levels on all phases of inflammation, whether
acute or chronic. In addition, they strongly reduce the migration of polymorphonuclear cells
and monocytes/macrophages to the inflammatory site, as well as the production of
inflammatory mediators such as histamine serotonin, bradykinins, cytokines and superoxide

ions (Centanni et al., 2023). Glucocorticoids are also responsible for reducing capillary
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permeability and increasing osteoclast activity, leading to bone fragility (De Lucena and
Rangel, 2018). Glucocorticoids are the most effective treatment for chronic inflammatory
diseases such as rheumatoid arthritis and autoimmune diseases (Kiranmayi et al., 2018).
However, they have the disadvantage of reducing the body's defenses and causing disorders
that can be acute (arterial hypertension, deregulation of natural glucocorticoid synthesis.) or

chronic, such as osteoporosis, cataracts and weight gain (Strehl ez al., 2011).

11.3.3. Anti-inflammatory drugs of plant origin

Many diseases have been described as being associated with inflammatory processes. Currently
available anti-inflammatory therapy is often ineffective or causes intolerable side-effects. New
anti-inflammatory substances are therefore still urgently needed. Plants were the first source of
remedies in human history (Fiirst and Ziindorf, 2014). Medicinal plants are widely used by
humans for their many biological benefits. These actions are attributed to their abundance of
bioactive secondary metabolites. Since its chemical characteriszation in the 19th century,
plantbased bioactive compounds have supported the creation of pharmaceuticals (Riaz et al.,
2023). Numerous investigations in vitro and in vivo have shown that phenolic compounds have
antiinflammatory properties. Secondary metabolites, unlike pharmaceutical substances, operate
on several targets rather than just one receptor or signaling pathway. These active compounds
can limit arachidonic acid metabolism by obstructing the cyclooxygenase and lipoxygenase
pathways (Calixto et al., 2000). Bio-compounds can exert anti-inflammatory effects, notably
through radical scavenging, regulation of cellular activities in inflammatory cells and
modulation of the activities of enzymes involved in arachidonic acid metabolism, notably

phospholipase A2, cyclooxygenase and arginine metabolism (Hussain et al., 2016).

III1. Pain and analgesics

II1.1. Pain

I11.1.1. Definition

The definition of pain given by the International Association for the Study of Pain (IASP) is
"an unpleasant sensory and emotional experience, associated with or described in terms of
actual or potential tissue damage"(Wranker ef al., 2014). The term pain refers to a spectrum of

sensations with very different characteristics, ranging in intensity from unpleasant to
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unbearable. Since suffering causes mental discomfort, man has always sought a way to

eliminate or reduce pain (Jang et al., 2020).

The prostaglandins formed by an enzyme called cyclooxygenase 2 (COX3), secreted by
damaged cells, induce the sensation of pain by connecting to G protein receptors and increasing

the amount of cyclic adenosine monophosphate (cAMP) in the cells.

II1.1.2. Pain classification

Depending on the duration of the evolution, pain can be divided into two classes

II1.1.2.1. Acute pain

Acute pain often has an obvious cause, for example following trauma, surgery, or the onset of
a well-recognized disease process (e.g. myocardial ischaemia, pancreatitis). It may be of
nociceptive or neuropathic origin. Acute pain lasts less than 3 months and plays some useful
positive role such as to provide a warming of tissue damage and inducing immobilization to

allow appropriate healing (Gupta ef al., 2010).

I11.1.2.2. Chronic pain

Chronic pain is defined as pain lasting longer than the expected healing period, which is often
practically defined as pain lasting longer than three to six months (definitions vary across
clinical and research contexts). As opposed to acute pain, chronic pain is no longer adaptive. It
has been considered to stem from a ‘faulty alarm system’ — activating the body’s physiological

systems inappropriately, when there is no acute threat (Timmers ef al., 2019).

IIL.2. Analgesic activity

I11.2.1. Definition

Analgesic activity is defined as a loss of sensitivity to pain, and analgesic as a drug or substance
that prevents or reduces the sensation of pain (El Geziry et al., 2018). Nowadays, non-steroidal
anti-inflammatory drugs are used to control pain. Their analgesic action is produced rapidly,

but their side-effects are the main drawback of their use. These drugs cause digestive system
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dysfunction, pruritus, blurred vision, dizziness, skin rashes and liver damage (Thombre et al.,

2019).

II1.2.2. Sources of analgesics

Analgesics are used to relieve pain without loss of consciousness, by acting on the central and/or
peripheral nervous system. They are divided into two classes: synthetic analgesics

(nonmorphinics and morphinics) and natural analgesics (Deshmukh et al., 2014).

I11.2.2.1. Non-morphine analgesics

Non-morphine analgesics include all non-opioid pain-relieving drugs. They are used in
perioperative care, as well as by chronic pain caregivers. They act primarily by inhibiting
cyclooxygenase, an enzyme responsible for a cascade of reactions that, among other things,
cause pain. Acetylsalicylic acid prevents sensitization of nociceptive nerve endings to algogenic

substances (Gupta et al., 2010).

I11.2.2.2. Morphine analgesics (opioids)

Opioids are natural, semi-synthetic, or synthetic chemicals psychotropic opiate whose effects

are similar to those of morphine, without being chemically related (Al-Onizi ef al., 2023).

Morphine analgesics are known for their analgesic properties, targeting receptors expressed
throughout the afferent pain pathway, including the peripheral nerve endings of primary afferent
neurons. Opioid analgesics are of low, intermediate or high efficacy, and are used for the relief
of mild, moderate or severe chronic pain. Among the low-efficacy opioids, codeine is used to
relieve mild to moderate pain. Morphine is a high-efficacy opioid analgesic used to relieve

severe pain (Mathews ef al., 2015).

I11.2.2.3. Natural analgesics

The use of natural products, mainly medicinal plants, is one of the oldest therapies used by
mankind (Hani Mutlak, 2015). In recent years, people have been eager to use herbal medicines
because of their lower complications and fewer side effects than synthetic drugs. With the
growing demand for medicinal plants and related compounds, phytopharmaceutical studies and

the use of these remedies for pain management have multiplied worldwide (Kala et al., 2006).
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it is therefore necessary to search for bioactive compounds from natural products, in particular
from medicinal plants, for use as alternative analgesics with little or no side effects (Ezeja et
al., 2011). Among analgesic alkaloids, the well-known Morphine is isolated from Papaver
somniferum opium poppy and mitragynine from Mitragyna speciosa (Vadhel et al., 2023).
Quinoline alkaloids, ribalinine and methylisoplatydesmine isolated from the aerial parts of
Skimmia laureola (Rutaceae) have been shown to be Acetylcholinesterase inibitors (Gondwal
et al., 2015). In addition, Esenbeckia leiocarpa (Rutaceae) is a major source of leptomerin and

kokusaginin (Cardoso-Lopes et al., 2010).

IV. Stomach

IV.1. Anatomy of the stomach

The stomach is an expandable, J-shaped organ, located in the left subphrenic lodge, and varies
in size depending on replenishment, averaging 25 cm in length and 12 cm in width. Extending
from the esophagus to the duodenum in the upper left abdomen, between the liver (right), spleen
(left), pancreas (back), diaphragm (top) and transverse colon (bottom), as illustrated figure 7
the stomach is subdivided into four regions: The cardia, which surrounds the outlet of the
esophagus into the stomach; The gastric fundus, which is the region above the orifice of the
cardia; The body of the stomach, the largest region, is the middle portion that extends downward
into the funnel-shaped pyloric portion; The pyloric portion, which is the distal portion of the
stomach and is divided into the pyloric antrum and the pyloric canal (Karnul and Murthy, 2022).

Cardia

Esophagus
Muscularis externa:
Longitudinal layer
Circular layer
Oblique layer

Fundus

Serosa

Lesser curvature — Body

Pyloric sphincter

(valve) at pylorus Lumen

s ‘ Rugae of mucosa
Duodenum / S

Pyloric canal

Pyloric antrum Greater curvature

Figure 7: Anatomy of the stomach (Massey et al., 2019).
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IV.2. Stomach histology

The stomach has three types of muscle: longitudinal, oblique and circular, which provide the
contractions needed to knead food and send it to the small intestine. The gastric wall consists
of a monostratified glandular epithelium with numerous invaginations that gives rise to the
gastric glands. Histologically, it comprises 4 superimposed layers, from the inside out: The
mucosa: made up of a simple cylindrical epithelium (formed by the mucoid, principal and
parietal cells), the chorion (connective tissue, blood and lymphatic vessels) and the muscularus
mucosae. Submucosa: a layer of loose connective tissue containing blood vessels, neurofibers
and numerous free cells (lymphocytes, plasma cells, etc.). Muscular: composed of muscle fibers
arranged in three tunics: inner oblique layer, middle circular layer and longitudinal layer.
externe. The serosa is the outermost protective layer, allowing the organ to glide freely (Wilson

and Stevenson, 2019).

IV.3. Physiology of the stomach

The physiological importance of the stomach is linked to a triple function. A motor function:
firstly, the stomach is the first reservoir for food, in which it is stored and mixed by mechanical
stirring with gastric juice, ensuring its transformation into a semi-liquid "chyme" until it is
evacuated into the small intestine (Levin, 2023). In addition, a secretory function dominated by
chlorhydro-peptic secretion ensures food digestion and even the destruction of most ingested
bacteria. Finally, the mucus secreted by the stomach forms a protective layer against gastric

acidity (Martinsen et al., 2019).

IV.6.1. Gastric secretions

The main role of the stomach is to transform food into a semi-liquid chyme state, making it
acceptable to the intestine. The agent of this transformation is gastric juice, which is secreted
by the gastric glands. In addition, the stomach secretes a mucus that forms a protective layer
for the gastric mucosa against gastric acidity, and lubricates the ingesta, facilitating its
downstream passage. The mucosa is different in the fundus and body of the stomach, and in the

pyloric antrum (Iijima et al., 2009).
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* Fundic mucosa: Comprising large, shallow crypts, these glands are composed of three
cell types (Figure 8): The principal cells produce pepsinogen, the inactive form of the

proteolytic enzyme pepsin. The principal cells are found mainly in the basal regions of

the gastric glands. Parietal cells (border cells), scattered throughout the main cells,
secrete hydrochloric acid and intrinsic factor which enables absorption of vitamin B12
in the small intestine. The few endocrine cells, the D cells, secrete somatostatin (Tortora.
and Derrickson, 2010).

* Pyloric mucosa: It has deep, narrow crypts and 2 cell types: Collar mucus cells, found
in the upper, or "collar", part of the glands, produce one type of mucus. The precise
function of this mucus is not yet known. Endocrine cells, G cells (secrete gastrin), D

cells (somatostatin) (Wilson and Stevenson, 2019).

Surtace mucous

cel (secretes

! alkaline flud
& centaining mucn)

Gastric =

Mucous neck

cell (secretes

acidic tuid

containing
mucin

Duode

Parietal call

Gastric —
gand

Simple columnar
epthelum

—L_fiocd veszol
=—Lymgh vessel

Figure 8: Cross section of the gastric mucosa, with its gastric glands and the types of cells that
make up it (Wilson and Stevenson, 2019).
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IV.6.2. Gastric juice

When food reaches the stomach, the stomach wall expands and the pH of the gastric contents
increases. These changes trigger nerve impulses that stimulate the flow of gastric juice, a
colorless, clear, acidic liquid (pH between 1.5 and 2.5) containing: mineral substances including
hydrochloric acid and bicarbonates, and organic substances including mucus, pepsinogenes I

and II and gastric lipase (Massey et al., 2019).

IV.4. Regulation of gastric acid secretion

Food intake stimulates acid secretion in an abrupt and sustained plateau fashion for two hours,
followed by a gradual return to basal levels; this process is also governed by nervous and
hormonal mechanisms. HCI secretion is stimulated by three chemical substances, all of which

act via second messenger systems (cAMP and Ca**) (Johnson, 2019).
IV.4.1. Gastric acid secretion stimulants

Gastric acid secretion is regulated by three primary components that activate the parietal cell:
histamine, gastrin, and acetylcholine (ACh). Optimum acid secretion requires the synergistic

action of all three mediators (Bitziou and Patel, 2012).

Histaminocytes or enterocromaffin-like cells (ECL) located in the gastric mucosa, play a crucial
role in the regulation of gastric acid secretion by releasing histamine, which acts paracrine by
binding to H» receptors on parietal cells (adenylcyclase-coupled receptors) to increase
intracellular cAMP (Waldum et al., 2019). G cells produce Gastrin, which acts endocrinally on
the parietal cells themselves and on histaminocytes, stimulating histamine release. Gastrin
receptors are coupled to a G protein which activates phospholipase C, leading to an increase in
cytosolic Ca** (Craven, 2016). Acetylcholine released by stimulation of the vagus nerve, it acts
directly on parietal cells (M3 receptors) and indirectly by stimulating histaminocytes and gastrin

cells (Soll and Walsh, 1979; Takeuchi et al., 2016).
IV.4.2. Gastric acid secretion inhibitors

The stomach and duodenum act in tandem: when chyme enters the duodenum, receptors in the
duodenal wall react, triggering the enterogastric reflex which inhibits gastric secretion (Kelly,

2004). These include: Somatostatin produced by D cells, acts paracrine, inhibits gastric

26



Literature review

secretion of all substances (Rindi ef al., 2018). Secretin acts endocrine, inhibiting gastric
secretion and motility during the gastric phase of secretion (Schubert, 2008). Prostaglandins
have an action paracrine (receptors coupled to an adenylate cyclase-inhibiting G protein) (Post
et al., 1998). Gastric inhibitory peptide (GIP): produced in the duodenal mucosa, inhibits HCI
production (minor effect) (Meier, 2006). Vasoactive intestinal peptide (VIP): produced in the
duodenal mucosa, inhibits HCI production in the stomach (Héllgren, 1997).

IV.5. Protective mechanism of the gastric mucosa

In the physiological state, the concentration of hydrochloric acid in the stomach is a million
times higher than in plasma, so how does the stomach manage to resist it without itself falling
victim to it (Werme ef al., 2015). Various mechanisms known as the "gastric mucosal barrier"
are responsible for this resistance (Tarnawski ef al., 2012). This barrier comprises different lines

of defenses.
IV.5.1. Mucus layer

The Mucus layer is a continuous film in the form of a visco-elastic gel covering the entire
stomach wall and acts as the first line of defense for the gastric mucosa, providing chemical
and physical protection against gastric acidity by neutralizing the H+ ions in contact, thanks to
its high HCOj3™ content. Mucus can also protect the stomach against autodigestion by gastric

juice enzymes, notably pepsin (Ichikawa and Ishihar, 2011).
IV.5.2. Prostaglandins

Prostaglandins secreted by the gastric mucosa play a potential role in stimulating bicarbonate
secretion, promote blood flow, can inhibit gastric acid secretion and provide dramatic protection

against a wide variety of agents which cause acute mucosal damage (Takeuchi et al., 2010).
IV.5.3. Blood flow

Blood flow protects the mucosa by supplying various nutrients, notably oxygen and
bicarbonates for gastric cell function, and is also necessary for the rapid evacuation of residual

H" ions through increased blood flow (Abdel-Salam ez al., 2001).
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IV.5.4. Epithelial barrier

The defensive properties of the epithelial barrier are ensured on the one hand by the presence
of tight junctions linking epithelial cells (ECs), which strongly prevent the entry of H+ ions,

and on the other hand ECs can regenerate rapidly by two mechanisms (Forster, 2008).

Continuous regeneration involves the proliferation and differentiation of gastric mucosal stem
cells (Hoffmann, 2008). This restitution involves the migration of adjacent cells to the site of
injury for repair and takes place within minutes of the appearance of an injury (Terano et al.,

2001).

IV.6. Gastric ulcer

Gastric ulcers, are defined as disturbances in the integrity of the gastric mucosa. It results from
an imbalance between protective and aggressive factors in the stomach (Escobedo-Hinojosa et
al., 2018). Anatomopathologically, it is characterized by a loss of substance from the gastric
mucosa, which may extend to the muscularis propria, and generally accompanied by abdominal
pain resulting from contact between the acid secreted by the stomach and the wounds. A

distinction is made according to the depth of the lesion: an abrasion, an erosion or a true ulcer

(Lanas and Chan, 2017).

Nowadays, gastric ulcers are considered to be one of the most frequent conditions of the
gastrointestinal tract caused by various factors, such as smoking, stress, inappropriate diet, and
deficiencies in gastroprotective mechanisms are closely linked to the development of gastric
mucosal ulcerations which can also be due to drugs, hence the interest in finding a natural

therapeutic alternative derived from plants (Zhang et al., 2020).

IV.6.1. Pathophysiology and etiology of ulcers

The aggressive chlorhydro-peptic action is reinforced by the interplay of other pathogenic

factors, which can be classified as endogenous and exogenous (Benia and Amroune, 2006).

IV.6.1.1. Endogenous factors

They are mainly represented by genetic factors, acid hypersecretion and gastric motricity

disorders.
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- Genetic factors: Ulcerative disease is a sex-linked recessive inherited disorder,
affecting men more often. In addition, the prevalence of this condition is higher in subjects with

blood group (O) (Bouarioua et al., 2007).

- Hypersecretion of acid: Hypersecretion of acid may be the result of an increase
in parietal cell mass or an increase in parietal cell sensitivity to various stimuli (gastrin), which

is a pathogenic factor in subjects suffering from this problem (Roberts-Thomson, 2021)

- Gastric motor disorders: In stomach ulcers, evacuation is slowed down,
leading to gastric stasis. This delay can accentuate gastrin release and acid secretion, reinforcing
the aggression. The same applies to duodeno-gastric reflux. Bile salts and lysolecithins alter the
gastric mucosa and cause gastritis due to their high concentrations, breaking down the gastric
mucosal barrier. As a result, the flow of H" ions and the reflux of Na+ ions increases, the

potential difference falls and blood flow to the mucosa is altered (Lake et al., 2021).

1V.6.1.2. Exogenous factors

Several exogenous factors can be implicated in ulcer disease (Figure 9), including:

- Helicobacter pylori infection: Helicobacter pylori infection is most often
acquired in childhood and depends on hygienic conditions. This gram-negative bacillus is able
to resist gastric acidity thanks to its high urease activity. Bacterial urease hydrolyzes gastric
urea and produces ammonia, which buffers HCI and creates a microenvironment favorable to
bacterial survival. The bacteria penetrate the mucus layer and colonize the surface of superficial
gastric cells, mainly located in the antrum. This contact induces the release of chemokines,
notably interleukin 8 (IL8), which attracts and activates polynuclears and macrophages
(Roberts-

Thomson, 2021). Pro-inflammatory cytokines such as TNFa and IFNy are also released during
this inflammatory process. In addition, the activation of complement via the alternative pathway
and the release of chemical mediators lead to micro-vascular disruption. This inflammation may

persist throughout the subject's life, unless eradicated (Werme et al., 2015).

- Non-steroidal anti-inflammatory drugs: Low-dose non-steroidal anti-
inflammatory drugs (NSAIDs) are widely used to treat pain and inflammation. However, their

use is often limited by serious ulcer complications (Drina, 2017). The properties of these
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antiinflammatories are based on the inhibition of cyclooxygenases (COX 1 and 2), enzymes
whose main role is the transformation of arachidonic acid into prostaglandins. Inhibition of
their synthesis can alter the mucosa's defense mechanisms, leading to reduced blood flow,
adhesion of polynuclear cells to the lining, endothelial damage and reduced mucosal blood flow,
thereby promoting an inflammatory process. The latter is amplified by anti-inflammatory-

stimulated TNFa production in macrophages (Vane et al., 1998).

- Tobacco: Smoking is a factor in the formation of peptic ulcers, where numerous
effects appear to be produced by tobacco consumption, including reduced salivary
concentration and blood flow, as well as increased acid, gastrin and pepsinogen secretion.
Smoking can also multiply the risk of ulcers and round subjects more resistant to treatment, so
smokers are twice as likely to develop an ulcer as non-smokers. Smoking appears to lower the

defenses of the gastric mucosa (Maity et al., 2003).

- Diet: Nutritional management aims to avoid foods that have been suggested as
ulcerogenic, such as sugar, which increases gastric acidity. Spicy foods, tea, coffee and all
caffeine-based beverages have the capacity to increase acid secretion by acting on the H+ / K+

ATPase pump (Chen et al., 2023).

- Stress: The sensitivity of the mucosa to stress has long been recognized. The
relationship between stress and ulcers is established via a neuro-hormonal pathway, through
changes in vascularization that lead to chlorhydropeptic hypersecretion, diverting circulation

via arteriovenous shunts (Konturek et al., 1992).

- Alcohol: Several studies have demonstrated that ethanol is capable of inducing
hemorrhagic lesions and erosions in the gastric mucosa. The genesis of these lesions is
attributed to a decrease in mucin levels and a reduction in local blood circulation (Yu et al.,
2020). As a result, vascular permeability increases, leading to hyperemic foci and digestive
hemorrhaging. In addition, wine and beer further stimulate acid secretion in response to

hypergastrinemia (Chi et al., 2021).
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Figure 9: Physiopathophysiology of chronic peptic ulcer in stomach (Yadav ef al., 2021).
1V.6.2. Treatment of gastric ulcer

1v.6.2.1. Medical treatment

A wide range of medications is available for the treatment of gastric ulcer, aimed at soothing
pain and healing ulceration by reducing the aggressive power of acid secretion and reinforcing
mucosal defense: Prostaglandin analogues, proton pump inhibitors, H2-receptor antagonists,

antacids, etc (He ef al., 2023).

Eradication of H pylori is achieved by combining antisecretory agents with antibiotics. Based
on triple therapy, capable of eradicating H. pylori in 90% of cases, a proton pump inhibitor
(PPI) and antibiotic biotherapy (Marcus et al., 2016).

1V.6.2.2. Phytotherapy of ulcers

Nowadays, medicinal plants are of therapeutic importance and constitute a veritable natural
pharmacy for maintaining our health, thanks to their wealth of secondary metabolites, namely

phenolic compounds, which are characterized by a wide range of biochemical and
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pharmacological effects, including antioxidant and anti-inflammatory properties (Sun and
Shahrajabian, 2023). Flavonoids show gastroprotective, anti-secretory, and antioxidant
properties. Alkaloids and terpenoids also display gastroprotective qualities, influencing pH
levels and ulcer indices. Tannins and saponins, present in numerous plants, exhibit
antiulcerogenic potential by modulating acid secretion (Shahzad et al., 2024), indeed these can
be used as an alternative or additive agent to current therapy. Consequently, these compounds

may have a more effective and less toxic therapeutic potential for the treatment of peptic ulcers

(Sumbul et al., 2011).

Polyphenols act in the gastrointestinal tract either as antiulcer, antisecretory or antioxidant
agents, notably flavonoids and tannins (Dhiman et al., 2016). The most important mechanism
of action responsible for flavonoids' anti-ulcer activity is their antioxidant properties, which
involve the reduction of free radicals, chelation of ions and transition metals, inhibition of
oxidative enzymes, enhancement of protein and non-protein antioxidants and reduction of lipid

peroxidation (De Lira Mota et al., 2009).

Tannins are used in medicine primarily for their astringent properties; they react with proteins
in tissue layers, precipitating at the ulcer site, forming a protective layer (tannin-protein / tannin
polysaccharide complex) that prevents the absorption of toxic substances and promotes
resistance to the action of proteolytic enzymes, thus tannins have the property of inhibiting

stomach proteases such as pepsin (De Jesus et al., 2012).

V. Molecular docking

V.1. Definition

Docking is the term given to molecular simulations in which different chemical, physical and
biological approaches are combined to study, at the atomic level, the interactions between two
molecules (Figure 10): one, the target, a protein with one or more specific active sites and a
known three-dimensional structure. The other, the ligand, is a small, flexible molecule. This
enables us to determine the most favorable conformations for ligand binding to the target,

leading to the formation of the most stable ligand-protein complex (Meng et al., 2011).

The technique is used to forecast and examine how a substance or molecule interacts to a target

protein is called molecular docking. With the aid of this computational method, it is possible to

32



Literature review

simulate the drug's molecular interactions with the target protein in order to comprehend their

atomic-level interactions and assess their potential pharmacological actions (Permatasari et al.,

2024).

Target Ligand Complex

: ) M E
“’. 3 - ‘

Figure 10: Representative scheme of molecular docking mechanism (Dnyandev ef al., 2021).

V.2. Purpose of molecular docking

Docking is a molecular modeling technique that predicts the preferred direction of one molecule
to another as they jump towards each other to form a stable compound. The direction of rotation
can be carried to predict the strength of involvement or bond affinity linking two molecules
together, for example, as a function of score (Dnyandev et al., 2021). Thus, the aim of molecular
docking is to achieve an optimized conformation for both protein and ligand, and the
fundamental direction between protein and ligand so that the free energy of the general method

1s minimized (Ferreira ef al., 2015).
V.3. Principle

Docking is used to predict the structure of the intermolecular complex resulting from the
association between two or more molecules. It can also be used to determine how a ligand
(small molecule) interacts with a receptor (macromolecule), and to calculate the binding energy
between them. It also helps determine which candidate ligand will interact best with a target

receptor (Mohanty and Mohanty, 2023).
V.4. Docking tools

The tools most commonly used in docking are: a small molecule called a ligand. A biological

target of therapeutic interest, called a protein, and a docking program (Pinzi and Rastelli, 2019).
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V.4.1. Ligand

A ligand is an atom, ion or molecule carrying chemical functions that enable it to bind to one
or more central atoms or ions. The term ligand is most often used in coordination chemistry and
organometallic chemistry (branches of inorganic chemistry). In biology, a ligand (from the
Latin ligand Um, binding) is a molecule that binds reversibly to a targeted macromolecule,
protein or nucleic acid, generally playing a functional role: structural stabilization, catalysis,
modulation of enzymatic activity, transmission of a signal. This term, widely used in the study
of proteins, designates molecules that react non-covalently and specifically with the protein and
play a role in its functions. The binding of a ligand to a receptor protein often modifies the
latter's conformation, i.e. its three-dimensional (3D) structure. The energy associated with the
intermolecular interactions formed between the protein and its ligand enhances this
conformational change. This structural modification can thus potentially modulate its

functional state and activity (Ahmad ef al., 2006).

V.4.2. Receptor

A receptor is a macromolecule, most often a protein. The Protein Data Bank (PDB) is a
worldwide repository of information on the three-dimensional structure of biological
macromolecules: proteins, essentially, and nucleic acids. These molecules come from all
biological kingdoms. Three-dimensional structures are derived mainly from X-ray diffraction
analysis, others from nuclear magnetic resonance (NMR) or molecular modeling. The various
three-dimensional conformations can be downloaded as pdb extensions, readable by docking
software and containing various information about the protein in question. For example: the
name of the receptor, the team that solved the structure, the experimental method, etc (Burley

etal., 2017).

V.4.3. Program

Software is a set of programs that enables a computer or computer system to perform a
particular task or function, processes and rules, and possibly documentation, relating to the
operation of a data processing system (as opposed to hardware). The aim of a molecular docking
program is to correctly predict the mode of interaction between two chemical entities, and to

recognize which of these is the best. At present, several molecular docking programs
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(commercial and non-commercial) are available: Auto Dock,AutoDockVina,GOLD, FlexX,

DOCK and ICM. (Jacob et al., 2012).

VI. Selected plant Anabasis articulata
VI.1. Family of Chenopodiaceae

The Chenopodiaceae are a family of roughly 100 genera and 1500 species of herbs and shrubs
found worldwide. It has a worldwide distribution, most members of the Chenopodiaceae family
are halophytes, and they occur predominantly in arid and semi-arid environments (Akopian et
al., 2020). Small trees or plants that are annual, subshrubs, or shrubs are uncommon perennials.
There is indumentum of vesicular hairs (furfuraceous or farinose), ramified (dendroid), stellate,
and infrequently glandular hairs or glabrous plants. Stems and branches are occasionally jointed
(articulate). The leaf blades are flattened, terete, semiterete, or, in certain species, reduced to
scales. The leaves are alternating, opposing, exstipulate, petiolate, or sessile.
Monochlamydeous, bisexual, or unisexual flowers. If present, there may be one or two
lanceolate, navicular, or scale-like bractlets (Gelin ef al., 2003). One of the more common and
widely distributed weeds in the world, Chenopodium album L. has been around since
prehistoric times and is occasionally used as a medicinal herb. In the Andes, chenopodium
quinoa willd. is a staple pseudo-cereal; occasionally, people have also eaten the fruits of other
genus species. Spinacia is a popular herb for pot and salads. Beta is consumed as a vegetable
(garden beet), used as a pot herb (Swiss chard), and may be a source of glucose and sucrose
(sugar beet). For the purpose of making soap and glass, a number of genera, most notably

Salsola and Salicorma, have been used as sources of soda (Clemants, 1992).

VI1.2. Botanical description of Anabasis articulata

Anabasis articulata as illustrated in Figure 11 is an endemic Saharan plant with a low bush, a
thick, tortuous stump and a very light bluish-green color. Twigs are deciduous and fall to the
base of the plant. Opposite leaves have a very short free part, obtuse or ending in a whitish
point. The pinkish-white flowers are isolated in the axils of each leaf. The fruit is surrounded
by three wings due to the dilation of three of the sepals. This species is common in stony soils

throughout the Sahara, right up to the southern Sahara (Ozenda, 2004).
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V1.3. Classification

Systematic position according to (Quézel and Santa, 1963) of 4. articulata Mok. Forsk was as

following:

Phylum: Phanerogams or Spermaphytes
Subphylum: Angiosperms

Class: Eudicots

Subclass: Preasteriaceae

Order: Caryophyllales

Families: Chenopodiaceae

Genus: Anabasis

Species: Anabasis articulata (Forsk.) Moq.

Noms vernaculaires: El-Ajrem.

Figure 11: Anabasis articulata (Forsk.) Mog. A: plant, B and C : leaves and leaves (Self photo)
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V1.4. Traditional uses

Many Saharan plant species have been used in traditional medicine by the indigenous
population to treat fever, diarrhea, diabetes, asthma, rheumatism and cancer. Plants in the
Chenopodiaceae family are used for their wealth of bioactive substances. The Anabasis genus

thrives in stony, sandy wadis widely traveled by camels and goats (Chopra, 1956).

The continued use of traditional medicine is attributable not only to cultural reasons and
poverty, but also to the ineffectiveness of many existing drugs (Senhaji et al., 2020), with much
interest in the biologically active compounds present in plants and herbs for their safety and

efficacy in the prevention and/or treatment of human diseases (Djeridane et al., 2015).

In Algeria, Syria, Egypt and Iraq, A. articulata is commonly used to treat asthma, fever, eczema
and kidney infections in Western medicine (Khamees et al., 2019) and has also been used as a

plaster to treat scabies (Nouidjem et al., 2021).

This species is a remedy for the treatment of diabetes (Kambouche et al., 2009), and also has
cholinergic properties (Tilyabaev and Abduvakhabov, 1998). The aerial parts are used in
decoction and as a poultice to treat dermatoses, skin diseases (eczema), headaches and fever

(Hammiche and Maiza, 2006).

VI1.5. Pharmaceutical activities

Few research reported medicinal properties of 4. articulata. According to Abdallaha et al.,
(2014), the methanolic crude extract of the aerial portion has shown the strongest
antiinflammatory efficacy in rats. Gamal et al., 2022(a) found that triterpenoids from the aerial
parts of Anabasis articulata (Forssk) Moq: gastroprotective effect in vivo with in silico studies,
cytotoxic and antimicrobial activities. Ben Menni ef al., (2022) reported an antiproliferative, an
Antioxidant, an anti-tyrosinase, an anti-acetylcholinesterase and an anti-inflammatory

propreties of Sterols of A. articulata.

A. articulata has been also reported to have medicinal properties as antioxidant
(BelyagoubiBenhammou et al., 2019) and antimicrobial activities (Bouaziz et al., 2009),

antiangiogenic activity (Abdulsahib et al., 2016),
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and anti-arthritic effect (Abdulhusain et al., 2022). Also, several research have evaluated the
effect of 4. articulata on diabetes (Kambouche et al., 2009; Metwally et al., 2012; Djeridane
et al.,2015). Abdulsahib, (2022) investigated the beneficial impact of 4. articulata stem extract

on decreasing intraocular pressure in a glaucoma rat model.

VI.6. Chemical composition

Few studies have been carried out on the phytochemistry of 4. articulata (Benhammou et al.,
2013; Ghembaza et al., 2016). These authors highlighted the presence of flavonoids, tannins,
saponins, alkaloids, carbohydrates and/or glycosides, coumarins and triterpenes in extracts of
this species. Other work carried out on different parts of 4. articulata, twigs and roots of species
from Bechar (Algeria) by Benhammou et al., (2013) revealed that the latter contains flavonoids,
flavonols, tannins, carotenoids, saponosides with varying intensities, but also the presence of
alkaloids on the twig part. Other work carried out by Abdulsahib et al., (2013) on 4. articulata
stems from Bagdad shows the presence of tannins, saponosides, alkaloids, resins, flavones with

the absence of coumarins, terpenes and steroids.

Previous phytochemical study on A. articulata led to the isolation of four known saponins: 30-
glucopyranosyl of(stigmasterol, B-sitosterol, sitostanol), 3-O-[B-D- the glucopyranosyl]
oleanolic acid , 3-O-[B-D-glucopyranosyl -28-O-3-D - xylopyranosyl] oleanolic acid, in
addition to proceric acid (Metwally et al., 2012). Chromatography analysis of successive
fractions revealed the isolation of B-sitosterol from its unsaponifiable fraction, caffeine form its
methylene chloride fraction, and 4-acetoxy phenol from the ethyl acetate one (Gamal et al.,

2022b).
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I. Material
I.1. Survey area

The wilaya of M'sila is located in the South-East of Algiers at 248 Km; it extends over an area
of 18175 Km?. Limited to the North by the wilayas: Bouira, Bordj Bou-Arreridj and Setif, to
the East by Batna and Biskra, to the West by Djelfa and Medea and to the South by Djelfa and
Biskra.

El Mergueb reserve (Figure 12) is located about 180 km south of Algiers, among the high
steppic plains of the Hodna. It covers an area of 16,481 ha, straddling the communes of Sidi
Hadjeres, Ain El Hadjel and Sidi Ammer (Boudjadja et al., 2010). It is located in the steppe
routes of the highlands of Algeria, it extends between the coordinates of Lambert relative to the

topographic map of, Ain El-Hadjel to (1/50.000, following: X (608.5 and 626.7) km and Y

(243.6—263.8) km. The three experimental stations lie between latitudes (35°36°12,6”N &
35°35°05,7”N) and longitudes (03°56°23,8”E & 03°58°08,7”’E) with an altitude of 575 and 634
m located in the municipality of Ain EL-Hadjel (Adjabi et al., 2019).

The climate of the investigation area is continental, subject in part to Saharan influences.
Summer is hot and dry while the winter is very cold, with low rainfall is irregular, it is of the

order of 100 to 250 mm/year and with an average annual temperature of 15.8 °C (Le Houerou,

1995).
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Figure 12: Geographical location of the El Mergueb nature reserve (Algeria) (Makhlouf ef al.,
2024).
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1.2. Plant material

A. articulata was harvested in October—November 2020 during the flowering period in El
Mergueb natural reserve in M'sila province (North Algeria). Professor Oujhih B., a renowned
taxonomist at the University of Batna identified this plant. The laboratory received a voucher
specimen with the identification number SNV 0045-2020. An electric mixer was used to crush

and powder the A4. articulata flowers and leaves after they had been air-dried.

I.3. Chemicals
All analytical grade chemicals were utilized in this study were procured form E. Merck, Germany.

ABTS" 2.2’-Azino-bis-(3-ethylbenzenothiazoline-6-sulfonic acid), acetate buffer, adrénaline,
alcian blue, aluminum trichloride (AICI3), ammonium molybdate, ascorbic acid, aspirin,
aamylase, bovine serum albumin (BSA), Butylated hydroxytoluene (BHT), Coomassie Blue
Ga2s0, DPPH (2,2-diphenyl-1-picrylhydrazyl), ethylenediaminetetraacetic acid (EDTA), ferric
chloride, ferrous ammonium sulphate, ferrozine, Folin-Ciocalteu reagent, gallic acid,
glibenclamide, hydrochloric acid (HCI), hydrogen peroxide (H20:), indomethacin, iodine,
linoleic acid, magnesium chloride (MgClz), Nw-nitro-L-arginine methyl ester hydrochloride
(L-NAME), omeprazole, phenanthroline, phosphate buffer (PBS), potassium iodide, potassium
ferricyanide, potassium persulfate, quercetin, sodium acetate, sodium bicarbonate solution
(Na2CO:3), sodium carbonate, sodium chloride, sodium dodecyl sulfate, sodium phosphate,
sodium salicylate, sodium salicylate, starch, sucrose, sulfuric acid, tannic acid, thiobarbituric
acid (TBA), trichloroacetic acid (TCA), Tris-HCL, Tween 40, xylene, B-carotene.

1.4. Animal material

Albino mice and rats (weighing 18-30 and 180-200 g, respectively). They were maintained in
polycarbonate cages during 7 days in normal laboratory conditions (12/12 h light/dark cycle,
23 + 2 °C with free access to food and water) before the beginning of the experimentation. The
animal studies were conducted after obtaining clearance from Institutional Ethic Committee,
and the experiments were conducted in strict compliance according to ethical principles and

provided by Committee for the Purpose of Control and Supervision of Experiments on Animal
(CPCSEA).

II. Methods
II.1. Ethnobotanical survey in “El-Mergueb” nature reserve

In order to identify and establish a list of plants used in traditional medicine due to their
pharmacological properties, an ethnobotanical survey was carried out using a questionnaire

(Figure 13) distributed to villagers and people with knowledge on the use of medicinal plants
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through face-to-face interviews, with the aim of collecting accurate information on therapeutic
practices by the population. Our study was conducted from June to January 2021 spread over
182 questionnaire cards. The information is divided into two sections; the first concerns the
informant as the sole owner of the information, while the second gathers information
concerning the medicinal plants such as local names, plant parts used, medicinal use and
preparation.

Section A: Questions about the informant: sex, age, level of education, origin of
ethnobotanical knowledge.

Variables Categories
Gender Female

Male
Age [20years-35years]

[36years-50years]
[S1years-60years]
>60years
[lliterate

Primary

College
Secondary
University

Educational level

Origin of
ethnobotanical
knowledge

Family knowledge
Herbalist
Scientific research.

Section B: Questions concerning the medicinal plant: uses of the medicinal plant, the part
of the plant used, the pathology treated.

Plant name Part Mode of | Therapeutic | Spontaneous/ | Biological
used use property cultivated | activities

Scientific | Vernacular /

name name Toxicity

Figure 13: Questionnaire card of survey (Makhlouf et al., 2024)

The identity of each plant species mentioned by the herbalists was verified and confirmed by
botanists of the Department and by a bibliography (Quézel and Santa, 1962-1963) and (Ozenda,
1977). A medicinal use was accepted as valid only if it was mentioned by at least three

independent interviewees (Al-Qura’n, 2009). The Use Value UV is the Data analysis that was
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calculated according to the following formula UV=XU/n, where U is the number of used reports
cited by each informant for a given plant species and n is the total number of informants
interviewed for a given plant. It demonstrates the relative importance of plants known locally

(Ouelbani et al., 2016).

I1.2. Ethnomedicinal survey of A. articulata

An ethnopharmacological study was carried out to collect as much as we could about this plant's
applications, 118 persons (herbalists and members of the general population) were surveyed in
M’sila for one month. The surveys included the therapeutic use, the used plant, the mode of

preparation and the efficacy of the indicated plant treatments.

I1.3. Preparation of extracts
I1.3.1. Preparation of decocted extract

The decoction extract of the flowers and leaves of 4. articulata (DEAA)is prepared according
to Ferreira et al., (2006). Briefly, 100 g of powder is boiled for 10 minutes in 1000 mL of
distilled water. The mixture is filtered with muslin and then with the wattman filter paper. The
filtrate is poured into glass plates to dry in the oven (37°C). The plates are already weighed
empty and after drying to calculate the yield, the powder obtained is scraped and kept in clean

bottles protected with aluminum foil for later use.

I1.3.2. Preparation of the crude ethanolic extract

Extracts was obtained according to the method of Markham, (1982) the flowers and leaves of
the plant powder after homogenized mixed with 1L ethanol-water (70:30 v/v) kept under
agitation for 5 days resulting solution was filtered to obtain the first filtrate, This procedure was
repeated on the residue using water-methanol (50:50 v/v) under agitation for 2 days to obtain
the last filtrate. After 7 days the mixture was filtered. The first and last filtrates were combined.
The solvent was evaporated using vacuum rotary evaporator at 40 C° to get ethanolic extract of

A. articulata (EEAA).

11.3.3. Fractionation of the crude ethanolic extract

Fractions were obtained according to the method of Markham, (1982). The concentrated
hydroethanolic solution was washed with hexane several times until a clear upper layer of

hexane was obtained. The lower layer was then extracted successively with chloroform, ethyl
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acetate and n-butanol. The solvent of each fraction was evaporated using vacuum rotary
evaporator at 40 C° to obtain: chloroform fraction (ChFA), ethyl acetate fraction (EAFA) n-
butanol fraction (nBFA) and aqueous fraction (AqFA).

I1.3.4. Calculation of the plant extraction yield

The yield of the plant extract is calculated according to Raduni¢ et al., (2015), it is the ratio
between the weight of the extract and the weight of the treated plant. The yield which is
expressed as a percentage has been calculated by the following formula: Y= Wg / Wp x 100
Where: Y= Yield of the extract in percentage, Wg = Weight of the extract, Wp= Weight of the
plant.

II.4. Quantitative phytochemical analysis
I1.4.1. Determination of total phenolic content

The content of phenolic compounds in plant extracts was estimated spectrophotometrically
using the Folin-Ciocalteu reagent method described by Slinkard and Singleton, (1977). The
procedure consists of adding 500 uL of Folin-Ciocalteu reagent (diluted 10 times) to 100 puL of
the extract or gallic acid. After 4 minutes, 400 puL of 7.5% sodium bicarbonate solution
(Na2COs3) is added. After 90 minutes of incubation in the dark at room temperature, the
absorbance is read at 765 nm. The concentration of total polyphenols was calculated from the
regression equation of the gallic acid calibration curve at different concentrations (Figure 14).

The results are expressed in micrograms of gallic acid equivalent per milligram (mg EAG/g of

extract).
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Figure 14: Standard curve of gallic acid for the determination of total polyphenols. The
statistics were presented as mean with (n = 3).
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11.4.2. Determination of flavonoids contents

Quantitative determination of flavonoids is performed using the aluminum trichloride method
Bahorun et al., (1996). Briefly, 1 mL of the AICI3 solution (2%) is added to 1 mL of the extracts
solution at different prepared concentrations in the appropriate solvent. After 10 min of
incubation, the absorbance is read at 430 nm. The concentration of flavonoids in the extracts is
deduced from a calibration line established with quercetin and is expressed in mg of equivalents

of quercetin per g of extract (mg EQ/g of extract) as mentioned in Figure 15.
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Figure 15: Standard curve of quercetin for the determination of flavonoids. The statistics were
presented as mean with (n = 3).

11.4.3. Determination of total tannin content

The total content of tannins in extracts was estimated using Folin—Ciocalteu reagent and tannic
acid as standard, according to the method described by (Prasanth et al., 2017). The reaction
mixture was made by combining 0.5mL of each extract, 2.5 mL of 10% FolinCiocalteu’s reagent
mixed with water, in addition to add 2.5 mL of 7.5% Na»,COs. The samples had been incubated
in a thermostat at 45 C for 45 min in darkness. Absorbance was then measured at 765 nm and the
calibration curve was established using different concentrations of tannic acid (25-300 pg/mL).
Total tannin content was expressed as mg of tannic acid equivalents per g of extract (mg TAE/g

E of extract) using standard curve of tannic acid (Figure 16).
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Figure 16: Standard curve of tannic acid for the determination of tannins. The statistics were
presented as mean with (n = 3).

IL.S. Liquid Chromatography-Mass Spectrometry Analysis LC-MS-MS

The phenolic compounds in samples were analyzed using the method reported by Ben Amor et
al., (2022). The equipment used were Shimadzu 8040 Ultra-High Sensitivity (UPLC-ESI-
MSMS) using UFMS technology, and it was outfitted with binary bump Nexera XR LC-20AD.
For optimization of polyphenols standards, we used direct injection without column.

The ESI parameters were as follows: 230 KPs for the CID gas; —6.00 Kv for the conversion
dynode; 350 °C for the interface temperature; 250 °C for the DL temperature; 3.00 L/min for
the nebulizing gas flow; 400 °C for the heat block; and 15.00 L/min for the drying gas flow.
Each standard was made in concentration of 500 g/L of methanol. Both negative and positive
ions were employed with the ion trap mass spectrometer in MRM mode (multiple reaction
monitoring). The mobile phase was constituted of water, 0.1% formic acid, and 70% methanol.

6 uL was the injection volume, and the flow rate was 0.3 mL/min.

The Ultra-force C18 column (I.D. 2.5 mm 100 mm, 1.8 m particle size; Restek) was used to
separate the samples, and the oven temperature was adjusted at 25 °C. Isocratic elution was
applied with 0.1% formic acid and methanol (30:70, v/v). The flow rate was 0.30 mL/min, and

the injection volume was10 mL.

Polyphenols standards used are acetylsalicylic acid, Benzoic acid, Cennamic acid, Coumaric
acid, Folic acid, Gallic acid, Maleic acid, Valinic acid, Ascorbic acid, Beta carotene, Caffeic
acid, Catechol, Chrysine, Coumarin 4-hydroxy, Epicatchin, Hesperitin, Hydroxy anisol butyl,
Hydroxy toluene butyl, Lawson,
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II.6. Estimation of in vitro antioxidant activities
I1.6.1. Total antioxidant capacity

Total antioxidant capacity was evaluated with the assay based on the reduction of Mo (VI) to
Mo(V) by the extracts and subsequent formation of a green phosphate/Mo(V) complex at acid
pH Prieto ef al., (1999). An aliquot (0.1 mL) of plant extracts were combined with 1 mL of
reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium
molybdate). The tubes were incubated in at 95 °C for 90 min in darkness. then the mixture was

allowed to cool to room temperature, and the absorbance was measured at 765 nm against a

blank.

11.6.2. DPPH radical scavenging assay

The scavenging activity of the DPPH was measured according to the protocol described by
(Blois, 1958) with slight modification. The principle of this method is the reduction of the violet
DPPH (2,2-diphenyl-1-picrylhydrazyl) to 2,2-diphenyl-1-picrylhydrazine of yellow color.
DPPH absorbs at 517 nm, but when reduced by an antioxidant, its absorption decreases. Briefly,

a 0.4 mM solution of DPPH prepared in 100 mL methanol and 800 pL of this solution was
added to 200 pL of sample of extracts at different concentrations. Thirty minutes later, the
absorbance was measured at 517 nm. BHT were used as standards.

Radical scavenging activity % = (A control — A sample / A control)

A control: Absorbance of the control (without sample). A sample: Absorbance of the reagent with

extract.

I1.6.3. ABTS radical scavenging assay

According to Re et al., (1999) ABTS" radical cation was generated by a reaction of 7 mM ABTS
with 2.45 Mm potassium persulfate. The reaction mixture was allowed to stand in the dark for 16
h at room temperature. The solution was then diluted by mixing ABTS solution with methanol to
obtain an absorbance of 0.70 £ 0.02 units at 734 nm. Then, 50 pL of the sample of extracts was
mixed with ImL of ABTS" solution and kept for 10 min at room temperature. The absorbance of
reaction mixture was measured at 734 nm using spectrophotometer.

ABTS radical scavenging activity % = (A control —A sample / A control) X 100

A control: absorbance of ABTS radical and ethanol (without sample). A sample: Absorbance of the

ABTS with extract or standards.
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11.6.4. Hydroxyl radical scavenging activity

Hydroxyl radical scavenging activity of the extractives was determined by the ability of
different fraction extract to scavenge the hydroxyl radicals using the method of Smirnoff and
Cumbes, (1989) with slight modification. The reaction mixture contained 100 pL of extracts or
standard antioxidant, 0,5 mL of FeSO4 (1.5 mM), 0,35 mL of H2O> (6 mM), 0.15 mL of sodium
salicylate (20 mM) and varying concentrations of plant extracts and standard. The mixtures
were kept in a water bath at 37 °C for 1h, after which the absorbance of the hydroxylated
salicylate complex was measured at 562 nm. The percentage of hydroxyl radical scavenging
activity was calculated according to the following formula:

Hydroxyl radical Scavenging % = [1-(A sample1-A sample2)/A control] X 100.

Where, A contol Was the absorbance of the control (without sample) and A sampler Was the
absorbance in the presence of the sample; A samplez Was the absorbance without sodium

salicylate.

I1.6.5. Determination of the scavenging effect on hydrogen peroxide

One of the most common methods for assessing the trapping capacity of hydrogen peroxide is
based on the uptake of this molecule in the UV domain. The potential for trapping hydrogen
peroxide in A. articulata extracts is estimated according to Mukhopadhyay et al., (2016). 250
uL ferrous ammonium sulphate (2 mM) is added to 1.5 mL of different extracts concentrations.
The mixture is shaken vigorously, then 62.5 puL of hydrogen peroxide (5 mM) are added and
the mixture is shaken and left at laboratory temperature for 5 min. Then, 1.5 mL of 1.10-
phenanthroline (1 mM) were added to each tube. The mixture is incubated for 10 minutes at
room temperature. Finally, the absorbance of the reaction medium is measured at 510 nm. The
same procedure was repeated for ascorbic acid which is used as a standard. hydrogen peroxide

Scavenging % =[1-(A sample1-A sampleZ)/ A contro1] x 100.

Where, A contol Was the absorbance of the control (without sample) and A sampler Was the
absorbance in the presence of the sample; A samplez Was the absorbance without sodium

salicylate.

I1.6.6. Ferrous ion chelating activity

Ferrous ion chelating activity was measured following the method of Decker and Welch,
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(1990). The reaction mixture (1.5 mL) contained 500 pL of extracts dilutions or EDTA, 100 pL
FeClz2 (0.6 mmol/L in water) and 900 pL methanol. The control contained all the reaction
reagents except the extract and EDTA. The mixture was shaken well and allowed to react at
room temperature for 5 min and 100 pL ferrozine (5 mmol/L in methanol) was then added. The

absorbance of the Fe?* ferrozine complex was measured at 562 nm.

The Chelatlng aCthlty % = (A control _A sample /A control)
A control: Absorbance of the control (without sample). A sample: Absorbance of the reagent with

extract.

I1.6.7. Reducing power

The reducing power of A. articulata extracts was determined according to the method of Chung
et al., (2005). A 0.1 mL aliquot of different concentrations of extracts or BHT was mixed with
an equal volume of 0.2 mol/L phosphate buffer (pH 6.6) and 1% potassium ferricyanide. The
mixture was incubated at 50 °C for 20 min to reduce ferricyanide into ferrocyanide. After that,
0.25 mL trichloroacetic acid was added into the mixture to stop the reaction, and the mixture
was centrifuged at 3000 r/ min for 10 min. The supernatant (0.25 mL) was added into distilled
water (0.25 mL) and 0.1% ferric chloride (0.5 mL), and then the absorbance was measured at

700 nm. Increased absorbance of the reaction mixture indicates an increase in reducing power.

I1.6.8. B-Carotene bleaching assay

This assay is based on the capacity of antioxidant molecules to inhibit -carotene oxidative
degradation that is caused by oxidative compounds of linoleic acid according to the method of
Kartal et al., (2007). B-carotene/linoleic acid emulsion was prepared by mixing 0.5 mg of
Bcarotene in 1 mL of chloroform, 25 pl of linoleic acid and 200 mg of Tween 40. Chloroform
was completely evaporated 40 °C using a vacuum evaporator. Then 100 mL of oxygenated
distilled water was added with vigorous shaking. To an aliquot of 2.5 mL of this emulsion, 350
pL of extracts or the reference antioxidant (BHT) were added and well mixed. The absorbance
was recorded after 0, 1, 2, 4, 6 and 24 hours at 490 nm. A negative control consisted of 2.5 mL
distilled water or solvent instead of extract or reference antioxidant. All samples were assayed
in triplicate. The percentage of inhibition was calculated using the following equation:
Inhibition % = A¢/ A x 100.

Where A was the absorbance of the test sample at time (t) and A« was the absorbance of the test

sample at a time to.
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IL.7. Estimation of in vitro anti-inflammatory activity
I1.7.1. Inhibition egg Albumin denaturation

The protein denaturation experiment was carried out using as reported by Bouaziz et al., (2020).
The volume of egg white was adjusted with buffer solution Tris-HCI (20 Mm, pH= 6.8) to
obtain a dilution solution of 1: 100. The solution was gently stirred for 10 min followed by
filtration. Identical volumes were transferred to tubes then extracts or aspirin were added, and
the tubes were incubated at 74° C for 15 min. The absorption was measured at 650 nm and the

following % inhibition of protein denaturation was calculated:
Inhibition % = [(A control — A treated)/ A treated] x 100.

11.7.2. Inhibition of denaturation of Bovine Serum Albumin

The heat denaturation of Bovine Serum Albumin was measured in vitro by the method of
Kandikattu et al., (2013). A volume of 1 mL of extracts was mixed with 1 mL of bovine serum
albumin solution (0.2%) prepared in Tris-HCI buffer (50 mM, pH 6.6). The mixture was made
to stand for 15 minutes at 37° before being heated in bathwater for 5 minutes at 72°C. After
cooling to room temperature, the absorbance was measured at 660 nm using a UV-visible
spectrophotometer. As a reference, aspirin was employed. The extract’s anti denaturation action

on BSA was provided as inhibition percentages determined using the formula below:
Inhibition % = (Ab control —Ab sample /Ab control) x 100

Where, I: The inhibition percentage, Ab sample: absorbance of the test sample, and Ab contror:

absorbance of control.

I1.8. Estimation of in silico activity

The molecular docking study of the organic molecules that have been extracted from the plant
was performed using AutoDock Vina program to complement and confirm the results in the
experimental section for the in vitro and in vivo activities. The protein used to simulate this
activity, named COX-2, has been obtained from the RCSB database with the code
[3LNO](Wang et al., 2010). The active site of the protein used is delimited by a box of
dimensions: a volume of 80 x 80 x 80 A® and a center x, y, z: 42, 32 and 32, respectively.

To ensure an effective simulation, the ligands (7 molecules: gallic acid, anthron, beta carotene,

butylated hydroxytoluene (BHT), butylhydroxyanisole (BHA), myricetin and rutin were
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initially prepared by optimizing them using the Gaussian program (Frisch et al., 2008) to
achieve a stable geometry with minimum energy. Next, the receptors (proteins) for the two
activities were prepared using Discovery Studio. This involved removing water molecules and
heteroatoms, and adding polar hydrogen atoms and Kollman charges (“Life Sciences and
Material Sciences | BIOVIA — Dassault Systémes,” 2022.).Afterwards, molecular docking

simulations were conducted using the AutoDock Vina program (Trott and Olson, 2010).

I1.9.  In vivo investigation

I1.9.1. Acute Toxicity Study

The toxicity of extracts at a single dose was assessed on mice, according to the Organization of
Economic Co-operation and Development (OECD, 2001). The mice are males of Swiss race
weighing between 25 and 32 grams. The animals were divided into three groups with five

animals.

Four treated groups were orally given the decoction extract of A. articulata (DEAA) and the
ethanolic extract (EEAA) in a single dose of 2000 mg/kg and 5000 mg/kg body weight, while
the control group administered only water vehicle. The day one of the dosing was taken as Day
0 whereas the day of sacrifice was labeled as Day 14. Individual lots of mice were monitored
for 4 hours after treatment to detect behavioral and physiological changes in comparison to the
control. Gross behavioral and toxic effects were observed at short intervals for 24 h, then daily

for the next 14 days to detect late effects.
The following parameters were calculated:
Mortality, Body weight, Macroscopic examination and Relative organ weight.

* Mortality: During the fourteen days period, all the animals were detected daily for
clinical signs and mortality patterns.

* Body weight: The body weight of each mouse was calculated using a sensitive balance
during study period, once on day 0, day 7 and day14 of experiment.

* Relative Organ Weight: On day 14 of the study period, all the animals were euthanized
by exsanguination under anesthesia of chloroform. Diverse organs namely the heart,
liver, kidneys and spleen were cautiously dissected out and weighed in grams (absolute

organ weight). The relative organ weight of each animal was then calculated as follows:
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Relative organ weight = (absolute organ weight (G) / body weight of mouse on sacrifice day (G))
% 100.

* Histopathology stud of liver and kidney: After weight measurement, both of liver and
kidney were fixed in 10% formalin, dehydrated in ascending degrees of ethanol (70—
100%), cleared in xylene and finally embedded in paraftin. Afterward, thin sections of 5
um were stained with hematoxylin-eosin and examined with a light microscope.

Digital images recorded at 10 x magnification.
11.9.2. Estimation of in vivo anti-inflammatory activity

Three procedures were used to examine the anti-inflammatory activity of DEAA and EEAA:

Carrageenan induced paw edema in rats, croton oil, and xylene induced ear edema in mice.
I1.9.2.1. Carrageenan-induced rat paw oedema

The anti-inflammatory effect of ethanolic and decocted extracts against carrageenan induced
acute paw edema in rats was conducted according to the method described previously (Tsai and
Lin, 1998). Seven groups of 5 rats each were treated with DEAA (50, 100 and 200 mg/kg, p.

0.), EEAA (100 and 200 mg/kg, p. o.), indomethacin (10 mg/kg, p. o.) and distilled water
(10ml/kg, p. 0.). One hour later after administration, acute inflammation was produced by the
subplantar injection of 0.1 ml of (1% carrageenan in normal saline) in the left hind paw of the
rats. The thickness of each paw was measured using a digital caliper. The measures were carried
out at 0 h (Vo: before carrageenan injection) and 1, 2, 3, 4, 5 and 6 h after induction of
inflammation (V). The difference between V1 (1, 2, 3, 4, 5 and 6 h) and V(, was taken as the
edema volume value. The following formula was used to determine the percentages of

inhibition:
Inhibition % = [(V—V(t0)) control— (V(t) =V (t0)) treated group] / (V) —=V(10)) control X 100.
11.9.2.2. Croton oil induced ear edema in mice

The mouse ear edema was obtained by topical application of croton oil and carried out
according to the method described by Dulcetti Junior et al., (2004) with slight modifications.
croton oil was dissolved in a 5% acetone solution (v/v) and 10 pL were applied with a
micropipette to both anterior and posterior surfaces of the right ear. The left ear (control)
received the vehicle (acetone 80, distilled water 20, v/v). Groups of mice (n = 5) received orally
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the doses of DEAA (100 and 200 mg/Kg), EEAA (100 and 200 mg/Kg), vehicle (distilled water)
or indomethacin (10 mg/Kg), 1 h before croton oil application. 6 h later, thickness of each ear
was measured using a digital caliper and the anti-inflammatory activity was expressed as the %

of the edema inhibition using the following formula:

Inhibition % = 100 x (D,—D)/Dy where D is the difference of ear edema thickness in the treated

group and D, is the difference of ear edema thickness in the negative group.

11.9.2.3. Xylene-induced ear edema in mice

The xylene-induced ear edema test was carried out according to the method of Manouze et al.,
(2017) with slight modifications. Briefly, each group (five animals per group) was given by
gavage one dose (100 or 200 mg/kg) of DEAA, 100 or 200 mg/kg of EEAA, indomethacin (10
mg/kg) or vehicle (10 mL/kg) 1 h before induction of ear edema by topical application of 0.02
mL xylene on the inner and outer surfaces of the right ear. The left ear was used as a control.
One hour after xylene application, the thickness of the ear was measured with a digital caliper
before and 2 h after the xylene application. The inhibition percentage of ear edema was
computed as follows:

Inhibition % = 100 x (D,—D)/Dn, where D is the difference of ear edema thickness in the treated

group and D, is the difference of ear edema thickness in the negative group.

I1.9.3. Analgesic activity

The Koster et al., (1959) approach was used to assess analgesic effectiveness against acetic
acid-induced pain. was used for this activity. The mice were divided into six groups of five mice
each and fasted overnight. The animals were treated with Aspirin (150 mg/kg, p.o.), saline
solution (10 ml/kg, p.o.) and A. articulata (100 and 200 mg/kg, p.o.). The mice were treated
with acetic acid (0.6%, v/v in saline, 10 ml/kg, i.p.) one hour after the above treatment was
carried out. The number of abdominal writhes (full extension of both hind paws) was
cumulatively counted every 5 min over a period of 25 min immediately after the acetic acid
injection. The analgesic effect was expressed as reduction percentage of writhing by using the
following formula:

%Inhibition = (Ncn— Nt) / Nen x 100

Nen: number of writhings of the negative controlnumber of contortion of the negative control.

N number of contortion batch test or the positive control.
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11.9.4. Antiulcer potential of plant extracts

11.9.4.1. Ethanol induced gastric ulcer

The antiulcer activity of the decocted (DEAA) and the ethanolic extract (EEAA) of the flowers
and leaves of A. articulata was determined following the method used by Abdulla et al., (2010).
Ulcers were induced by administering ethanol. All the animals (rats 5/group) were deprived of
food for 24 hours prior to the experiment but were allowed free access of drinking water up to
1 hour prior to the experiment. Group I: ulcer control group was orally administered with
distilled water (5 mL/kg); Group II was treated with omeprazole (20 mg/kg) as reference drug;
Groups III, IV and V were treated with (50, 100 and 200 mg/kg) of DEAA and (50, 100 and
200) mg/kg of EEAA. One hour after this pre-treatment, all the groups of rats received a dose
of absolute ethanol (2.5 mL/kg) orally. The animals were sacrificed by cervical dislocation after
30 min of necrotizing agent administration.

According to Bouaziz et al., (2020) the evaluation of macroscopic gastric lesion using the
percentage of ulceration was calculated applying the following formula:

% ulceration = (total ulcerated area / total mucosal area) x 100.

The total area of the lesions and the total area of the stomach was measured using Image J

software.

11.9.4.2. Gastric ulcer induced by ethanol in animals pretreated with L-NAME,

glibenclamide and indomethacin

Separate experiments were conducted to examine the roles of a non-selective inhibitor of nitric
oxide synthase: Nw-nitro-L-arginine methyl ester hydrochloride (L-NAME), KATP channel
blocker: Glibenclamide or a non-steroidal anti-inflammatory drug, which inhibits the PGE2

synthesis: Indomethacin.

According to Ribeiro et al., (2016), rats were fasted for 18 h with water ad libitum up to 1 h
before the experiment were distributed into 8 groups of 5 animals each. Three groups were
pretreated before ulcer induction with L-NAME (10 mg/kg IP.), glibenclamide (10 mg/kg IP.)
or indomethacin (10 mg/kg IP.). The groups were pre-treated with these antagonists or inhibitor
30 min before receiving DEAA (200 mg/kg) by gavage. Two groups, the fourth group that
received only DEAA (200 mg/kg) and the fifth group received only vehicle (10 mL/kg, p.o.)
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were also included. Forty-five minutes later, all animals received absolute ethanol (4 mL/kg,

p.o.) to induce ulcer. One hour after ethanol treatment, all animals were sacrificed.

a. Collection of the gastric juice and measurement of gastric acidity
After the animals were sacrificed, their stomachs were removed. The stomach contents were
collected, centrifuged (1000 tr/min, 10 min) at 4C, and the pH values were determined using a

digital pH meter.

b. Macroscopic gastric lesion evaluation

After collection of the gastric juice, the stomach of each animal and their stomach were
removed, opened along the greater curvature, washed with cold saline, and then flattened
stomach samples were photographed. The total area of the lesions and the total area of the
stomach was measured using Image J software (Bouaziz et al., 2020).

The percentage of ulceration is calculated according to the following formula:

% ulceration = (total ulcerated area / total mucosal area) x 100.

c. Determination of adhered mucus to gastric wall

The modified method of Corne, (1974) was utilized for determination of gastric mucus.
Segment of the glandular region of the stomach was weighed and transferred to a test tube
containing 7 mL of 0.1% Alcian blue (0.16 M sucrose in 0.05 M sodium acetate, pH 5.8). After
two consecutive rinses with 5 mL of sucrose (0.25 M), 5 mL of MgCl, (0.5 M) was added in
each test tube for the extraction of mucus content with the dye. The glandular segment remained
in this solution for 2 h, with intermittent agitation. After that 4 mL of the resultant blue solution
was agitated vigorously with 4 mL of ethyl ether until the formation of an emulsion and was
centrifuged for 10 min at 3600 tr/min. The absorbance of the supernatant was measured at 598
nm using a spectrophotometer. The concentration of Alcian blue was calculated through a
calibration curve (Figure 17) and the results were expressed in mg of Alcian blue/g of glandular

tissue.
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Figure 17: Standard curve of alcian blue for the determination of mucus in rat gastric tissue. The
statistics were presented as mean with (n = 3).

d. Histopathological evaluation of gastric lesions

For histopathological examination, the tissues were fixed in 10% formalin solution. Then, the
formalin-fixed stomach specimens were embedded in paraffin wax and serially sectioned (3—5
um) and further stained with hematoxylin and eosin. The stained tissues were observed for

pathological changes using light microscopy (Almasaudi ef al., 2016).

e. in vivo antioxidant activity

i.  Preparation of homogenate
Gastric tissue from treated and control rats were homogenate in lysis buffer (0.25 M sucrose,
0.05 M Tris-HCL, ImM EDTA, pH 7.4). After 24 h incubation at -20° C, samples were
centrifuged at 4,000 rpm for 15 min. The supernatant was collected and stored at -60°C until
use (Pallotti and Lenaz, 2007).

ii.  Total protein determination
Protein determination was carried out using the Bradford method (Bradford, 1976). The
principle of this method is based on the adsorption of a dye (Coomassie Blue G2s0) in an acidic
methanolic medium. The dye adsorbs proteins, forming a complex with an adsorption peak
those changes from red to blue. This adsorption takes place mainly via ionic bonds with basic
amino acids (arginine, histidine and lysine) and hydrophobic interactions (hydrophobic amino

acids).
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iii.  Standard range preparation and total protein assay
Protein assay was carried out using the Bradford method (Bradford, 1976). The experimental
procedure involves mixing 20 puL of each sample with 3 mL of Bradford reagent. Tubes are
gently shaken, then incubated for 5 min at room temperature. Absorbance is measured at 595nm.
Beforehand, we made a standard range using Nine increasing concentrations of bovine serum
albumin (BSA) ranging from 0 to 10 pg/uL prepared from a stock solution (1mg/mL). The total
protein concentration in pg/pl was deduced from the equation of the straight line given by the

BSA standard range illustrated in Figure 18.
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Figure 18: Standard curve of bovine serum albumin (BSA) for the determination of total
protein. The statistics were presented as mean with (n = 3).
iv.  Determination of superoxide dismutase (SOD) activity

According to Misra and Fridovich, (1972), adrenaline in the presence of superoxide anion O °-
spontaneously oxidizes to adrenochrome which is a colored compound that absorbs at 480 nm.
SOD, whose role is to reduce the O2 anion *- inhibits this reaction (Polle et al., 1989).
The determination of the SOD activity consists of mixing 640 pL of sodium carbonate (Na2COs3
(0.05M, pH=10.2) with 160 pL of adrenaline. This tube is used to set the spectrophotometer
zero to 480nm. A volume of 500 ug of total protein is added. The optical density is measured
every 30 seconds for 10 min.
A unit of activity of SOD is defined as the amount of enzyme capable of inhibiting the formation

of adrenochrome by 50%. The results are then expressed in [U/min/pg of total protein.

v.  Assessment of catalase activity (CAT)
Catalase is a hemical redox that catalyzes the dismutation of hydrogen peroxide into water and
molecular oxygen (Aebi, 1974). It is mainly present in peroxisomes, but also in mitochondria
and cytoplasms. The volume equivalent to 500 pg of total protein is mixed with 500 pL
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phosphate buffer (PBS). This mixture is used to set the spectrometer zero to 240 nm. The
reaction is then triggered by adding to the previous mixture 100 puL of H2O, (200mmol/l) and
the DO reading was performed every 15 seconds for 2 minutes. Catalase activity is then
measured using the following formula:

CAT activity in pmol/seconds/pg protein = absorbance x (dilution factor) / (duration in seconds

x molar extinction coefficient (H202) x amount of total protein in pg).

vi.  Measurement of lipid peroxidation (MDA).
Tissue malondialdehyde (MDA) (mmol/L) was determined using the double heating method of
Draper and Hadley, (1990). A reaction mixture containing 8.1% sodium dodecyl sulfate, 20%
acetate buffer (pH 3.5) and 0.8% thiobarbituric acid (TBA) was mixed well with 500 pg of total
protein for 3 min and then incubated at 95°C for 60 min. After chilling, the TBA-reactive
substance (MDA) was extracted with 1 ml of H>O and 2.5 ml of an n-butanol: pyridine mixture
(15:1, v/v). The upper organic layer containing the MDA, which was produced by lipid
peroxidation, was measured at 532 nm. The concentration of MDA was calculated using the
molar extinction coefficient (¢ MDA-TBA), The results were expressed as nmole of MDA/ g

of total protein.

I1.10. Statistical analysis

Statistical comparisons were performed using Graph Pad Prism (version 7.00 for Windows).

using one-way analysis of variance (ANOVA) followed by Dunnet’s and t test of student. For
in vitro experiments, the statistics were presented as mean + standard deviation (SD) with (n =
3), and as mean + standard error of the mean (SEM) with (n = 5) for in vivo experiments with

(n = 5) when the p-value was less than 0.05.
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I.

Results

Ethnobotanical survey of EI-Mergueb natural reserve

I.1. Demographic features of the informants

For all interviewers, gender, age, profession, and background information were recorded.
According to Table 1, the local informants (n = 182) comprised 69% women and 31% men were

interviewed.

The age group that formed the majority of informants was the 51 years-60 years age group
contributing 37%, followed by the 36 years-50 years and informants over 60 years. The highest
age respondents provide more reliable information because they hold much of the ancestral
knowledge that is part of the oral tradition. The least participative age group was the 20 years35
years which had 9%.

Users of medicinal herbs with no educational background accounted for 30% of the total (Table
1), while those with a university education accounted for 21%. Those with only a primary,

middle, or secondary education account for 13%, 17%, and 19% of the population, respectively.

The majority of ethnobotanical knowledge came from family, with 65 percent being passed down

through generations. The rest were herbalists (20%) and scientific research (15%).

Table 1: Demographic profile of informants interviewed (N = 182).

Variables Categories Total Percentage (%)
Gender Women Men 126 69%
56 31%
Age [20years-35years] 17 9%
[36years-50years] 51 28%
[S1lyears-60years] 67 37%
>60years 47 26%
Educational level [lliterate 15 30%
Primary 24 13%
College 31 17%
Secondary 38 19%
University 74 21%
Origin of ethnobotanical | Family knowledge 118 65%
knowledge Herbalist 37 20%
Scientific research. 27 15%
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1.2. Diversity of medicinal plants

The research area’s floristic diversity, as well as a renewed interest in phytotherapy encouraged
us to identify the therapeutic plants of E1 Mergueb Natural Reserve. An ethnobotanical survey
and analysis of the flora of the research region were conducted in this area. A total of 46 taxa
belonging to 23 different families were recorded (Figure 20 and Table 2). All of the species
mentioned are spontaneous, according to the flora of Algeria (Quézel and Santa, 1962), with
the exception of the following species Pinus halepensis Mill., Pistacia atlantica Dest., Pistacia
lentiscus L., Nerium oleander L., Juniperus phoenicea L., Eucalyptus globulus Labill., Avena
sativa L., Hordeum vulgare L., Triticum vulgare L. and Populus nigra L. which are cultivated.
As illustrated in Figure 19, the most represented families were Asteraceae with 9 medicinal
plant species, followed by Poaceae (6 species) and Lamiaceae (4 species). This high proportion
could be explained by the high representation of these families in EI-Mergueb Natural Reserve
flora because of the ecological factors that favour the development and adaptation of the

majority of their species.

As seen in Table 2 species with high used values (UV) were Artemisia herba-alba Asso (0.58),
Stipa tenacissima L. (0.42), Artemisia campestris L. (0.3), Zyziphus lotus (UV = 0.16),
Marrubium vulgare L. (UV = 0.14). This means that these species are the most important
medicinal plants used in folk medicine by the population of El Mergueb to treat ailments, which

might be due to their vast distribution in the area study.

Thapsia garganica L., Nerium oleander L., Colocynthis vulgaris L., Retama retam Webb.,
Asparagus stipularis L., Thymelaea hirsute L. and Peganum harmala L. are the poisonous

plants identified by the interwieur

Peganum harmala L.
Eucalyptus globulus Labill.
Teucrium polium L.
Pistacia lentiscus L.
Colocynthis vulgaris L.
Olea europaca L.
Nerium oleander L.
Pistacia atlantica Desf.
Marrubium vulgare L.
Zizyphus lotus L.
Artemisia campestris L.
Stipa tenacissima L.

[Hm[rmn

Artemisia herba- alba Asso.
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Figure 19: The most commonly cited medicinal plants of the study area.
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Figure 20: Number of total species per botanical family.
Table 2: Medicinal flora of El Mergueb natural reserve.
Scientific name Vernacular Part . S/C/
Mode of use Therapeutic property uv
name used T
Abietaceae Al giall
Pinus ha.lep ensis Esanaoub_er Seeds Cataplasm Respiratory diseases C 0.04
Mill. Alhalabi rheumatic diseases
hemorrhoids
Anacardiaceae
Pistacia atlantica abad) Leaves Infusion decoction Digestive diseases C 0.13
Desf. El Batma fruits respiratory
roots diseases eye
diseases
Antitussif
antipyretic
Pistacia lentiscus e Leaves I
L sl Fruit Infusion, decoction Antiseptic C 0.05
' Edharou ruits expectorant
roots diuretic
Apiaceae
Bunium saalls Fruits Powder, Decoction Intestinal gas thrombosis S 0.02
bulbocastanum L. Talghouda WOIms
hapsia I;i?argamca dlig Aerial Cataplasm, Decoction Rheumatic pa¥n bronchitis S/T 0.03
' Bounafaa parts sprains
Roots
Pituranthos Al Leaves . Indigestion abdominal pai
3 Infusion ndigestion abdominal pain | g 0.02
chloranthus L. . Flowers
El Kezzih
Apocynaceae
sl Aerial Fumigationpowder Respiratory disease C/T 0.10
Nerium oleander L. Eddafla parts heart disease
bone pain
eczema
Asteraceae
Anthemis arvensis s flowers Decoction Stomach pain urinary tract S 0.03
L. ElBabouned; infections.
Menstruation
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Anvillea radiata — Aerial Infusion Abdominal pain female S 0.02
L. Ennakd parts genital infections
Artemisia 3y
absinthium L. 7 Leaves Decoction Digestive disorders gastric | ¢ 0.03
2 flowers uleer
Chadqeret deworming
Meriem
Artem zs.za Leaves Infusion powder Digestive disorders S 0.3
campestris L. Ettgouft cataplasm. menstruation pain
antihemorrhagic
snake bites
Artemisia herba- ) :
Aerial .
alba Asso. Echih parts Infusion, decoction, gastric ulce.r S 0.8
roots powder and cataplasm anti-diarrheic
anti-spasmodic,
indigestions
o deworming
e yial
Inula viscosa L. | Amegraman Leaves | Powder and cataplasm | Rheumatic pain anti-septic S 0.04
healing fractures
deworming
.Scoly'mus dag )s Leaves Decoction Liver and bowel diseases S 0.04
hispanicus L. Garnina
Scorzonera Al L Infusion Abdominal pain S
laciniata L. Talma rfi)\;zs intestinal gas. 0.02
Scorzonera B . . Against snakebites. S 0.02
; Infu
undulate L guiz Aerial frusion
parts
roots
Cactaceae
Op.unfia el Petals Cataplasm Antiteigne against S 0.03
Jicusindica L ElHendi stem dermatosis
fruits
Chenopodiaceae
Atriplex halimus kil Leaves Decoction Dry wounds S 0.03
L. El Gtaf fruits diuretic
Anabasis : ’
ciculat ?ﬁ'.d ‘ Aerial plaster and infusion. Camel’s Scab Gale S 0.04
articutata El Adjrem parts antidiabetic
Arthrophytums K Aerial ) Indicesti dsti ¢
! Decoction and ndigestion and stings o S 0.03
coparium L. Erramth parts cataplasm scorpion and dermatoses. )
Cucurbitaceae
Colocynthis zasll Fruits Decoction and pomade Rheumatic pain against S/T 0.06
vulgaris L. El Hadj hepatitis.
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Cupressaceae
Jun iperus el Aerial Infusion Antiparasitic C 0.03
Pphoenicea L. ElAraar parts Antiseptic
Eczema
abdominal pain
Fabaceae
Retama raetam A Aerial Infusion Healing against eye S/T 0.04
Webb. Ertem parts irritation,
antidiarrhea
abdominal pain
Antirheumatic
Medicago iuall : .
ima L Fruits Powder decoction Mouth and bladder diseases S 0.02
minima L. El haska Leaves
Globulariaceae
Globularia il Aerial Infusion powder Anti-gastralgic S 0.02
alypum L. Tassalgha parts against wounds pains
of menstruation
Lamiaceae
Ajuga iva L. By Baid Aerial Infusion Antiseptic, antirheumatic S 0.03
Chandgoura parts regulatation of the
menstrual cycle.
. Expectorant, Diuretic
Marrubium s padi Leaves Infusion decoction P Antisenti S 0.14
vulgare L. . . ntiseptic
Timerriout
. Against sunburn aller,
Mentha pulegium Al : : g gy
! sl Aerial Decoction of the nose S 0.03
) Elfliou parts
. . Hypoglycemic
Teucrium polium saeall ; ypogly ’
L o Aerial Infusion Abdominal, pain colic S 0.05
' Eljaada parts stomach ulcer '
Lilaceae
4SP arag us il e Aerial Decoction Antispasmodic,analgesic, S/T 0.04
stipularis L. Ain Eddib parts sedative, emollient
Asphodelus 3 Sireti ; ;
e rl; carpus L. 3ol Leaves Decoction cataplasm Diuretic, antirheumatic. S 0.02
Elborouag
Malvaceae
Malva parviflora Jual Aerial Infusion Antiseptic constipation S 0.04
L. Elkhobiz parts hemorrhoids
roots headaches

62



Results

Myrtaceae
Eucalyp tus' gl Leaves Fumigation anti-infectious, antiseptic 0.05
globulus Labill. i ih
ElKalitous asthma
Oleacea
Qs
Olea europaea Azzaitoun Leaves, Infusion Diuretic 0.07
L. Fruits Hyperglycemea hypertension
andHuile
Papaveraceae
el
Papaver rhoeas Ol Flowers Infusion Eczem 0.03
L. Ben Naman Migraines digestive
disorders
inflammation.
Poaceae
Avena stiva L. Juaall Seeds Powder Diabetes 0.03
Khourtal liver abscesses
diuretic
Hordeum KA
vulgare L T Seeds Powder kidney stones diabetes 0.02
Echair stomach ache rheumatism
Stina PHN] .
. p. 1 Half: Leaves Infusion Chronic scalp ulcers 0.42
tenacissima L. El Halfa diabetes
Stipa capensis ‘ Leaves Infusion Digestive problems antiseptic 0.03
L. Essameaa '
Triticum repens axill Rhizome Decoction Abdominal pain 0.02
L. Ennajm liver and rat diseases
vomiting
Triticum vulgare el Seeds Powder asthenia
L. ou Elkamh anemia 0.03
Triticum convalescence
aestivum L. stomach pain
Rhamnaceae
) 8 ) Leaves Decoction Sedative Diuretic 0.16
Zizyphus lotus Essidra fruits
L. roots
Salicaceae
) Cilaiiall Aerial Decoction powder Respiratory pathology urinary 0.02
Populus nigra L. Essafsaf parts tract pathology
roots
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Tamaricaceae
44 L)
Tamarix aphylla Etarfa Leaves Decoction Fungicide digestive S 0.04
L. twigs problem
Thyméliaceae
Th_y melaca Ol Leaves Infusion kidney stones S/T| 0.03
hirsute L. Elmathnan
laxative
Zygophyllaceae
Peganum
harmala L. Jauall Aerial Decoction pomade Digestive problems S/T 0.05
ElHarmel parts Fumigation Antirheumatic
Fever

L.3. Preparation methods

Several medicinal plants preparation methods are used in traditional medicine to fight the
different kind of ailments such as decoction, infusion, grinding, maceration, powder and
cataplasm. Data analysis showed that infusion is the most common preparation method used by
the population studied (42.6%), followed by decoction (27.4%), powder (13%), cataplasm 10%,
fumigation (4.4%), pomade (1.6%), and plaster (1%) (Figure 21).

= Infusion

= Decoction

= Powder
Cataplasm

= Fumigation

= Pomade

= Plaster

Figure 21: Modes of preparation.

1.4. Parts of the medicinal plants used

Almost all different parts of plants were reported to be used as a drug by the traditional healers
and local people as illustrated in Figure 22, but leaves were the most common (39.6%), followed

by the aerial part (25.6%), roots (17.4%), fruits (7.3%), seeds (4%), flowers (2.5%), oil (1.2%),
twigs (1%), rhizome (0.5%), petals (0.5%) and 0.2% for stems.
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Figure 22: Distribution of the parts of the plant used.

L.5. Ethnomedicinal survey of A. articulata

The Ethnopharmacological survey was carried out using a questionnaire to determine the different

medicinal uses of this plant. In Table 3, the survey's findings are displayed.

Table 3: Ethno-medicinal survey data of therapeutic use, part used plant and mode of
preparation of 4. articulata.

Data Description Number of citations Frequency
information (%)
Scientific name | Anabasis articulata (Forssk) Moq. None None
Nomenclature Ajrem Echannan 118 65 100
name 55.08
Therapeutic use Rheumatism 73 61.86
Diabetes 51 43.22
Dermatosis 33 27.96
Abdominal pain 12 10.16
Part of plant Aerial part 19 13.55
used Root flowers and 66 55.93
leaves Stems 81 68.64
9 7.62
Mode of Decoction Cataplasm 63 53.38
preparation 106 89.83

Quantitative phytochemical analysis
II.1.  Extract yields, total phenolic, total flavonoids and total tannins contents

Table 4 illustrates the preliminarily phytochemical analysis of several extracts of A. Articulata.
The yields of the various fraction extracts ranged from 7.6 to 42.2% for the chloroform fraction,

ethyl acetate fraction, ethanolic extract, n-butanol fraction, and aqueous fraction, respectively.
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When the yields of the different extracts were compared, the chloroform fraction had the lowest
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extraction yield (7.6%). While the aqueous fraction had the highest yield (42.2%).

Table 4: Yield, Total phenolics content, total flavonoids content and total tannins content of the

fractions of Anabasis articulata.

Extract | Yield (%) | TPC (mg GAE/gDE) | TFC (mg QE/gDE) | TTC (mg TAE/gDE)
DEAA 10.7 212.04£0,565 13.01 £0.055 92.18+1.442
EEAA 15.5 396.33+0.556 21.69+ 0.154 112.49 £ 0.184
ChFA 7.6 497.98+0.377 79.89+0.789 140.19+£2.135
EAFA 10.6 325.14+0.498 25.10+0.795 117.01+1.740
nBFA 29.1 404.15+0.958 44.48+0.933 162.89+2.103
AqFA 42.2 178.23+1.049 7.50+0.277 58.58+1.607

Values expressed as means+SD. of three parallel measurements. TPC: Total phenolic content.
TFC: Total flavonoids content. TTC: Total tannins content. GAE: Gallic acid equivalent. QE:
Quercetin equivalent. TAE: Tannic acid equivalent. DEAA: decoction extract of Anabasis
articulata. EEAA: ethanolic extract of Anabasis articulata. ChFA: Chloroform fraction. EAFA:
Ethyl Acetate action. nBFA: n-Butanol fraction. AqFA: aqueous fraction.

Total phenolic component content in fraction extracts ranged from 178.23 mg to 497.98 mg/g,
as estimated by the calibration curve regression equation (y = 0.0081x - 0.0317) and expressed
in gallic acid equivalents (GAE). The extracts' flavonoid content (mg/gDE), as estimated by the
regression equation of the calibration curve (y = 0.038x - 0.0336) and expressed in Quercetin
equivalents, ranged from 7.50 to 79.89 mg/g. The extracts' tannin concentration (mg/gDE)

ranged from 58.58 to 162.89 mg/gDE, as estimated by the calibration curve's regression

equation (y = 0.0083x + 0.136) and expressed in tannic acid equivalents.

The results given in Table 3 showed that chloroform fraction indicating highest content for total
phenolics and flavonoids (497.98+0.377 and 79.89+0.789 mg/gDE, respectively). n-butanol
fraction reported the highest content for tannins 162.89+2.103 mg/gDE.

I1.2. Liquid Chromatography-Mass Spectrometry Analysis LC-MS-MS

Table 5 displays the phenolic chemicals that LC-MS-MS determined for the 4. articulata
fractions. The pics of molecules identified in fractions were illustrated in Figure 23. Anthrone,
Beta carotene, Butyledhydroxyanisole (BHA), Butylatedhydroxytoluene (BHT), Gallic acid,

Myricetin and Rutin were the biomolecules detected.
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Table 5: LC-MS-MS-determined phenolic compounds of the fractions of 4. articulata.

Coumpond name Charge

+/-

Precursor m/z

Product ion m/z

ChFA

EAFA

nBFA

Anthrone +

195.1500

177.200
165.250

ND

ND

Beta carotene

537.200

282.500
199.25

D

Butyled hydroxyanisole
BHA

181.100

99.15
81.05

ND

Butylated
hydroxytoluene BHT

221

161.3
203.25

Gallic acid -

168.800

125.100

Myricetin

46.15

336.2

Rutin

611.200

73.200
282.200

o

o

D: detected, ND: not detected, ChFA :Chloroform fraction, EAFA

Butanol fraction
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Figure 23: LC/MS-MS chromatograms obtained in the multiple reaction monitoring (MRM)
mode of polyphenols detected in the fractions of A. articulata. A: Chloroform fraction. B: Ethyl
Acetate fraction. C: n-Butanol fraction.
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III. Invitro antioxidant estimation

In this study eight colorimetric methods wich are: TAC, DPPHe, ABTS", Hydroxyl radical,
hydrogen peroxide, Ferrous ion chelating activity, Reducing power and B-carotene tests are
used to evaluate the antioxidant capacity of 4. articulata extract. The results from the

antioxidant activity evaluation are presented in Table 06, Figure 24, 25 and 26.

The Total antioxidant capacity TAC of plant extracts was expressed to evaluate the total
antioxidant capacity. The phosphomolybdenum approach was based on the antioxidant
component reducing molybdenum (VI) to molybdenum (V) and forming a green phosphate/Mo
(V) combination. The Chloroform fraction (ChFA) revealed the highest total antioxidant
capacity (ECs0=0.150+0.0017mg/mL) while the lowest capacity was found in AqFA
(EC50=0.495+0.0068mg/mL). For the other extracts, the values of ECso were 0.182+0.0041,
0.202+0.0015 and 0.344+0.0037mg/mL for nBFA, EAFA and EEAA, respectively. The ECso
of the standard Vit C was 0.002+0.003mg/mL.

DPPH radical scavenging test measures the ability of antioxidants to scavenge the stable radical
2, 2-diphenyl-1-picrylhydrazyl (DPPH), which reacts with hydrogen or electron donors to form
the yellow-colored diphenyl picrylhydrazine. The findings demonstrated that each extract had
a significant amount of DPPH radical-scavenging activity. The best free radical scavenging
activity were exerted by EEAA with ICso= 0.0744+0.003mg/mL, in the second position ChFA
with (0.082+0.0012) had a similar radical scavenging activity compared to nBFA with
1C50=0.083+0.0016mg/mL, while an ICso of 0.026+0.0006mg/mL for the standard.

In ABTS radical scavenging activity, nBFA and EEAA had stongest ABTS radical scavenging
activity with a comparable value of ICso (0.012+0.0004; 0.016+0.0002mg/mL respectively) with the
ICso of the standard BHT 0.01540.0003mg/mL. ChFA EAFA in the second place followed by DEAA
and AqFA with an ICso of 0.021+0.0007, 0.022+0.0008, 0.036+0.0008 and 0.039+0.0006mg/mL

respectively.

The assessment of the hydroxyl radical scavenging activity showed an important anti-radical
effect as follows in a decreasing order: ChFA (ICso = 0.3614+0.0087 mg/mL) >nBFA (ICso =
0.422+0.0032 mg/mL) > EAFA (ICso = 0.509+0.0278 mg/mL) >AqFA (ICso = 0.782+0.0092
mg/mL) >EEAA (ICso = 0.802+0.006mg/mL).
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Hydrogen peroxide scavenging activity, in phenanthroline assay, the antioxidant activity of
ChFA (ECs50=0.361£0.0087mg/mL) was
(EC50=0.422+0.0032; ECs50=0.509+0.0278mg/mL, respectively), and highest than DEAA,

AqFA and EEAA compared to the Vit C (0.010 £+ 0.0004mg/mL).

similar to that

in nBFA and

in EAFA

Table 6: Antioxidant capacities using TAC (mg/mL), DPPH (mg/mL), ABTS (mg/mL),
Hydroxyl radical scavenging (mg/mL) and hydrogen peroxide scavenging of the fractions of
Anabasis articulata.

§ E ECs0 (mg/mL) ICs0 (mg/mL) ICs0 (mg/mL) ECs0 (mg/mL) ICs0 (mg/mL)
=
E § Total DPPH radical ABTS radical Hydroxyl hydrogen
« antioxidant scavenging scavenging radical peroxide
capacity activity activity scavenging scavenging
activity activity
DEAA 0.409+0.006 | 0.170+0.0006"*" | 0.036+0.0008" | 0.769+£0.0007"*** | 3.374+0.051""
EEAA 0.344+0.004 0.074+0.003 0.016+0.0002" | 0.802+0.006"" 2.124+0.086""
ChFA 0.151+0.0017 | 0.0824+0.0012"*" | 0.021£0.0007** | 0.361+0.0087*** | 1.777+0.0402""
EAFA 0.202+0.0015 | 0.119+£0.0044"* | 0.022+0.0008"** | 0.509+0.0278"* | 2.446+0.0230"""
nBfa 0.182+0.0041* | 0.083+0.0016™ | 0.012+0.0004* | 0.422+0.0032"** | 2.071+0.0218"*"
AqFA 0.496+0.0068 | 0.438+0.0088"" | 0.039+0.0006" | 0.782+0.0092"** | 5.163+0.0190""
Vit C 0.002+0.003 - - 0.010 = 0.0004 0.017£0.0013
BHT - 0.026=+0.0006 0.015+0.0003 - -

Results were expressed as means + SD, n=3. **** p< (0,0001, the comparison was realized
against correspondent standard. DEAA: decoction extract of Anabasis articulata. EEAA:
ethanolic extract of Anabasis articulata. ChFA: Chloroform fraction. EAFA: Ethyl Acetate
fraction. nBFA: n-Butanol fraction. AqFA: aqueous fraction.

In Ferrous ion chelating activity there is a similarity between metal-chelating activities of EAFA

and decoction extract 0.014+0.002 and 0.0734£0.002mg/mL. The activity of these two extracts

were higher than nBFA, ChFA, AqFA and EEAA (0.19+0.008, 1.11+0.03, 1.440.004,

2.294+0.11mg/mL, respectively) the comparison was

(0.003+0.0006mg/mL.).

done with the EDTA as standard
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Figure 24: Ferrous ion chelating activity of plants extract of Anabasis articulata compared to
EDTA. Results were expressed as means + SD, n=3. *** p< 0,001, ** p< 0,01 and ns: no
significant.

In Reducing power, EAFA and ChFA with an ICso of 0.188+0.0008 and 0,314+0.016mg/mL
exhibited a best reducing power compared to the BHT as a standard 0.0556+0.006mg/mL. A
similar value of ICso of nBFA and EEAA (0.457+0.0256 and 0.497+0.024mg/mL) followed by

AQFA with 0.6910+£0.039mg/mL and DEAA with 0.9+0.014mg/mL.
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EEAA
ChFA
EAFA
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Figure 25: Reducing power activities of plants extract of Anabasis articulata compared to
BHT. Results were expressed as means + SD, n=3. *** p<(.001, ** p<0.01, ns: no significant.

In B-carotene bleaching, all extracts compared to the standard BHT (93.18+1.743%) exhibited
a significant antioxidant activity as represented in Figure 26. EAFA, nBFA and AqFA are the
best inhibitors of B-carotene oxidation within 24 hours (85.19+0.803, 85.12+0.793 and
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83.93+1.271%), followed by ChFA, EEAA and DEAA; 80.590+1.032, 79.8954+0.447 and
79.834+1.033%, respectively.

-~ DEAA

120 -2 EEAA
-~ -+ ChFA
.‘E} nBFA
= 801 -8~ AqFA
S ol % BHT
%n -4 Water
= 404 -¥ Ethanol
S -- Methanol
2 204
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0 1 2 4 6 24
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Figure 26: Kinetics of B-carotene bleaching activity (%) in the presence of DEAA: decoction
extract of anabasis articulata, EEAA: ethanolic extract of anabasis articulata, ChFA: chloroform
fraction, EAFA: Ethyl Acetate fraction, nBFA: n-butanol fraction, Aqueous fraction of Anabasis
articulata, water, ethanol, methanol and BHT butylated hydroxytoluene during 24H. BHT was
used as antioxidant reference.

IV.  Estimation of in vitro anti-inflammatory activity

In vitro anti-inflammatory effect of extracts was evaluated utilizing egg albumin denaturation
and denaturation of Bovine Serum Albumin assays with Aspirin serving as the reference drug

in each case. The results are summarized in Figure 27 and 28.

The results revealed that when compared to the common anti-inflammatory medication aspirin,
all extracts demonstrated a good inhibition of protein denaturation in both test in a
concentration-dependent way. The percentage of inhibition was within the range from 29.71%
to 92.17 % at the concentration range of 0.0625to 0.5mg/ml for egg albumin denaturation test
(Figure 27) and from 59.18% to 86.31 % at the range of concentration of 0.5 to 5 mg/ml for
BSA denaturation test (Figure 28). Aspirin as reference drug exhibited a higher inhibition

capacity.
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Estimation of in silico activity

V.

Molecular docking stud were carried out using AutoDock Vina program to determine whether

the seven compounds detected provided compared to the usual (Indomethacin) an

antiinflammatory impact.
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Figure 29 shows the 3 Dimension structure of the inflammatory protein COX> while Figure30
and 31 illustrated the result of molecular docking identified by 2 Dimension and 3 Dimension
detailed binding site of each ligand into the receptor. The result allowed us to determine the

binding energy between the protein and various positions of the ligand. A negative value of the

binding energy suggests a likelihood of binding between the ligand and the receptor.
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Figure 30: 2D detailed binding site of each ligand into the receptor [PDB ID: 3LNO].
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Anthron Butylated Butylhydroxyanisole

hydroxytoluene (BHT) (BHA)

ASP144 GLU451

Beta carotene
Figure 31: 3D detailed binding site of each ligand into the receptor [PDB ID: 3LNO].

Myricetin

Table 7 gathers the results obtained from molecular docking regarding the binding energy and
inhibition constant for the 7 bio-compounds that showed interaction with the protein. We notice
that the two ligands named Rutin and Myricetin have the best affinity, with values of -10.4
kcal.Mol! and -9.9 kcal.Mol'!, respectively, as well as a low inhibition constant of 0.023 pM
and 0.055 pM, respectively. Additionally, we performed molecular docking using a
commercialized drug named: Indomethacin. According to Table 7, we observe that Beta
carotene, Myricetin, and Rutin have shown favorable results compared to the drug
(Indomethacin).

Table 7: Result of affinity and inhibition constant of ligands with the same protein.

Anti-inflammatoryactivity
Protein: COX> (3LNO)

Biomolecules AG (kcal.Mol ™) Ki (uM)
Gallicacid -6.5 17.19
Anthron -8.6 0.49
Beta carotene -8.8 0.35
Butylatedhydroxytoluene (BHT) -7.4 3.76
Butylhydroxyanisole (BHA) -6.9 8.75
Mpyricetin -9.9 0.055
Rutin -10.4 0.023
Indometacine (standard) -8.7 0.42
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VI.  Invivo investigation
V.1.  Acute Toxicity Study

V.1.1.  Mortality:

The results of the acute toxicity study showed that after 14 days of observation DEAA and
EEAA given to mice in single doses of 2000 and 5000 mg/Kg body weight (b.w.) resulted in
no mortality or morbidity. Moreover, the animals did not exhibit any toxic effects or behavioral

or morphological changes.
V.1.2.  Effect on body weight

The changes in the body weight of control and mice treated with the extracts DEAA and EEAA
during the 14 days of treatment are presented in Figure 32. The body weight gain showed no
significant difference (P>0.05) between the control and treated groups. However, the body
weight of mice at 24, 48, 72 h, and 7 days (P>0.05) after DEAA 5000 mg/kg administration
exhibited a decrease but statistically not significant as compared to the time of initial treatment.
No significant changes were observed in the body weights in the treated groups compared to

that of the control group.
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Figure 32: A: Body weight changes in the treated mice with DEAA extract. B: Body weight
changes in the treated mice with EEAA extract and their controls at days zero, seven and
fourteen in the acute toxicity experiment of Anabasis articulata extracts compared to negative
control. Results are expressed as the meantSEM (n=5 for each extract). ns — no significant
difference.
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V.1.3.  Effect on organ relative weight

The vital organs (liver, kidneys, heart, and spleen) of mice were weighed after 14 days of
administration at doses of 2000 and 5000 mg/kg of the two extracts (Figure 33 and 34). The
liver and kidney of the group treated with 5000 mg/kg showed a statistically significant increase
in weight (P<0.001, P<0.01, respectively) compared to the control group. However, the heart

and spleen showed no alteration in the weight of these organs compared to the control group.

£
1

E3 DEAA 2000mg/kg
- EE DEAA 5000mg/kg
EJ Negative Control

(75
1

—

Relative organ weight (g)

—]

Liver  Kidneys Heart  Spleen

Organs

Figure 33: Relative organ weights of mice receiving DEAA after 14 days of acute toxicity
experiment compared to negative control. Results are expressed as the mean+=SEM (n = 5). ns
— no significant difference; *P<0.05, *** P<0.001.
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Figure 34: Relative organ weights of mice receiving EEAA after 14 days of acute toxicity
experiment compared to negative control. Results are expressed as the mean+=SEM (n = 5). ns
— no significant difference; *P<0.05.
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V.1.4. Histopathological investigation

The histopathological study of the selected organs in the acute toxicity test in mice shows no
remarkable change when comparing treated group received 2000 mg/kg of DEAA, EEAA and
control group). Figure 35 displayed a normal hepatic lobule composed of hepatocytes arranged
in hepatic cords separated by sinusoids that drain into central vein lymphatic vessels. The same
was observed for kidneys, normal glomerulus, bowman's space, proximal collecting tubules
and distal collecting tubules. However treated group received 5000 mg/kg of DEAA or EEAA

showed normal structures in liver and kidney but with general vascular congestions.
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Figure 35: Histopathological study of liver (A) and kidney (B) tissues of mice tested in acute toxicity with single dose of 2000 and 5000
mg/kg of DEAA and EEAA. H & E stain (X20).H and E — hematoxylin-eosin; A-1 — Section of the liver of the control; A-2 — Section of the
liver of a 2000 mg/kg DEAA-treated animal; A-3 — Section of the liver of a 5000 mg/kg DEAA treated representative A-4 — Section of the
liver of a 2000 mg/kg EEAA treated representative A-5 — Section of the liver of a 5000 mg/kg EEAA treated representative; B-1 — Section of
the kidney of the control; B-2 — Section of the kidney of a 2000 mg/kg DEAA treated animal; B-3 — Section of the kidney of a 5000 mg/kg
DEAA treated, B-4 — Section of the kidney of a 2000 mg/kg EEAA treated, B-5 — Section of the kidney of a 5000 mg/kg EEAA treated. CV
—central vein; H — hepatocyte; S — sinusoids; VC — vascular congestions; LV — lymphatic vessels; G — glomerulus; B — bowman's space; PCT
— proximal collecting tubules; DCT — distal collecting tubules; VC — vascular congestions.
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V.2. Estimation of in vivo anti-inflammatory activity

Three procedures were used to examine the anti-inflammatory activity of EEAA: Carrageenan

induced paw edema in rats, croton oil, and xylene induced ear edema in mice.

V.2.1. Carrageenan-induced rat paw oedema

Three doses of 50, 100, and 200 mg/kg were tested to evaluate the anti-inflammatory activity
of DEAA and EEAA. The results obtained were compared to those of the standard
indomethacin (10 mg/kg). Figure 36-A and 37-A show the variations in paw thickness (mm)
concerning carrageenan-induced paw edema over 6h following the administration of standard
and three doses of each extract. In carrageenan-administered animals, the paw edema increased
gradually and reached a peak at 6h (5.98+0.18 mm). However, in animals treated with DEAA
and EEAA doses, the carrageenan-induced inflammation was reduced compared to the control
group. The administration of indomethacin significantly prevented the progression of the
inflammation at the plantar level of the rat’s paw at 2 h and presented the lowest edema
compared to the control at 6h.
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Figure 36: Anti-inflammatory effect of DEAA on carrageenan-induced paw edema in rats.

A — Changes in paw thickness (mm). B — Percentage of increase of edema. DEAA — extract of the
flowers and leaves of A. articulata obtained by decoction. Results are expressed as the
mean+=SEM (n = 5). ns — no significant difference, ***P<0.01 were considered significant when
compared to the untreated group.
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Figure 37: Anti-inflammatory effect of EEAA on carrageenan-induced paw edema in rats.
A — Changes in paw thickness (mm). B — Percentage of inhibition of edema. EEAA — Ethanolic
extract of the flowers and leaves of A. articulata. Results are expressed as the mean+=SEM (n
= 5). ns — no significant difference, ***P<0.01 were considered significant when compared to
the untreated group.

As shown in Figure 36-B and 37-B illustrate the percentage of edema increase after 6h in rats
receiving DEAA showed a similar effect at an oral dose of 200 mg/kg (2.41+0.48%) compared
to indomethacin-treated group (2.77+0.37%). The effect was less noticeable (7.49+1.43%) at
50 mg/kg. The inhibition of paw edema in rats receiving EEAA showed an activity at oral doses

of 100 and 200 mg/kg of 67.515+0.383% and 77.926+1.733%, respectively compared to
indomethacin treated group with percentage of inhibition of 89.984+1.323%.

V.2.2. Croton oil induced ear edema in mice

Croton oil induced ear edema in mice test measures a variation in ear plug volume after the
injection of an irritation agent in order to determine the inflammatory response. The findings

of this investigation are shown in Figure 38 and 39.

DEAA at doses of 100 and 200 mg/kg caused inhibition of edema induced by croton oil in mice
at 6 h with percentages of inhibition of 68.59+0.84% and 77.58+0.64%, respectively, while
80.68+1.25%inhibition was recorded with the nonsteroidal anti-inflammatory drug

indomethacin (Figure 38).
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Figure 38: Percentage of reducing inflammation of DEAA in mice with croton oil-induced
ear edoema. Values are presented as meanstSEM. *P<0.05, *** P<(0.001 compared to
indomethacin.

Figure 39 illustrates that edema is effectively reduced by 65.340+1.154% and 76.193+1.135%
at doses of 100 and 200 mg/kg of EEAA, respectively. Indomethacin, employed as a positive

control, has an estimated 80.68+1.258% anti-inflammatory effect.
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Figure 39: Percentage of reducing inflammation of EEAA in mice with croton oil-induced
ear edoema. Values are presented as meanstSEM. *P<0.05, *** P<0.001 compared to
indomethacin.

V.2.3. Xylene-induced ear edema in mice

As illustrated in Figure 40, DEAA at doses of 100 and 200 mg/kg effectively reduced the edema

in Anti-inflammatory activity using Xylene-induced ear edema in mice to 70.25+0.59% and
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81.74+0.36%, respectively. Indomethacin used as a positive control promoted an antiinflammatory

reduction to 82.98+0.36%.
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Figure 40: Anti-inflammatory effect of DEAA on xylene-induced ear edema in mice. DEAA
— extract of the flowers and leaves of A. articulata obtained by decoction. Values are expressed
as meanstSEM (n = 5). ns — no significant difference, *** P< 0.001 were considered
significant when compared to indomethacin.

Figure 41 displays the results of the activity of anti-inflammation of EEAA in mice with
xyleneinduced ear edoema. The edema is successfully reduced by EEAA at doses of 100 and
200 mg/kg, at 67.83+0.65% and 70.65+3.19%, respectively. The concurrent anti-inflammatory

impact of indomethacin, the positive control, was assessed to be 82.98+0.36%.
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Figure 41: Percentage of reducing inflammation of EEAA in mice with xylene-induced ear
edoema. Values are presented as meanstSEM. **P<(.01, *** P<0.001 were considered
significant when compared to indomethacin.
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V.3. Estimation of analgesic activity

Intraperitoneal injection of 0.6% acetic acid induced a pain syndrome in mice by stimulation of
nociceptive receptors. Oral administration of aqueous and ethanolic extracts of 4. articulata
(DEAA and EEAA) at doses of 100 mg/kg and 200 mg/kg or Aspirin were tested to evaluate
the onset of pain syndrome. The results of the analgesic test representing the number of cramps
and percentage of inhibition are shown in Figure 42 and 43. The results show that acetic acid
induced an average of 80 cramps counted after 30 minutes in the untreated control lot. Indeed,
the number of abdominal cramps decreased from 80.667+15.968 for the negative control to
32.6+2.227 for EEAA 100 mg/kg, 29.6+3.544 for DEAA 100 mg/kg, 27.8+1.068 and 24+1.924
for EEAA and DEAA 200 mg/kg respectively, compared to 11.833+1.701 for Aspirin.
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Figure 42: Analgesic effect of DEAA. A: Nombre of abdominal cramps. B: Percentage
inhibition of acetic acid-induced pain (%). Values are expressed as means=SEM (n = 5). ***
P<0.001 were considered significant when compared to Aspirin.
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Figure 43: Analgesic effect of EEAA. A: Nombre of abdominal cramps. B: Percentage
inhibition of acetic acid-induced pain (%). Values are expressed as means=SEM (n = 5). ***
P<0.001 were considered significant when compared to Aspirin.

Statistical analysis revealed significant difference between the positive control (Aspirin) and all
extracts, suggesting that the aqueous and ethanolic extract of A. articulata used at this dose has

good effect as the standard analgesic.
V.4. Antiulcer activity

V.4.1. Ethanol induced gastric ulcer

Intragastric administration of absolute ethanol to the untreated group of rats (negative control)
received vehicle produced large bandlike hemorrhagic erosions in the glandular stomach.
Pretreatment with DEAA at the tested doses (50,100 and 200mg/kg) and EEAA at the tested
doses (200, 400 and 600 mg/kg. p.o.) and Omeprazole (20 mg/kg) offered different degrees of
protection to the mucosa against all such damage caused by ethanol (Figure 44 and 45). Oral
administration of 50, 100 and 200 mg/kg DEAA induced a percentage of ulceration of
37.75+6.28%, 16.034+1.308% et 5.16+0.33%, compared to negative control (45.92+1.87%)
respectively. However, 33.52+1.34%, 20.46+0.98% et 12,67+0.26% were observed following
the administration of 200, 400 and 600 mg/kg of EEAA respectively compared to group

pretreated with omeprazole (positive control) with 4.54+2.22% of ulceration.
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Figure 44: Ethanol induced gastric ulcer. A: percentage of inhibition of ulceration pretreated
with DEAA. B: percentage of inhibition of ulceration pretreated with EEAA. ns — no significant
difference, * P<0.01. *** P<0.001 were considered significant when compared to Omeprazole.

V.4.2. Macroscopic examination

The assay revealed an effect of ethanol on gastric tissues in the presence of DEAA or EEAA
extracts at different doses, and the results are shown in Figure 45. Absolute ethanol produced
extensive visible hemorrhagic necrosis of gastric mucosa in the untreated group (the vehicle)
(Figure 45.B). The positive control group treated with omeprazole 20mg/kg showed milder
injuries to the gastric mucosa (Figure 45.C) compared to the untreated group. However, oral
administration of DEAA (Figure 45.D) and EEAA (Figure 45.E) effectively reversed the
ethanol-induced gastric injury in a dose-dependent manner, with significant reduction of the
gastric ulcer area. The protective properties of the DEAA extract at its highest dose (200 mg/kg)
appeared similar to the positive group (Figure 45.E3), while the highest dose (600 mg/kg) from
EEAA showed a best protective activity than to the positive group (Figure 45.D3).
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Figure 45: Macroscopic examination of stomach of gastric ulcer induction by ethanol. A: Normal group. B: The group pre-treated
with vehicle as negative control. C: The group pretreated with Omeprazole (20 mg/kg) as positive control. D1, D2 and D3: The

group pretreated with DEAA 50, 100 and 200 mg/kg, respectively. E1, E2 and E3: The group pretreated with EEAA 200, 400 and
600 mg/kg, respectively.
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V.4.3. Mechanism of gastroprotective effect

In a series of experiments, the mechanisms of gastroprotective effect of DEAA were evaluated at

a dose of 200 mg/kg to rats pretreated with L-NAME, glibenclamide and indomethacin.

V.4.3.1. Measurement of gastric acidity

Figure 46 illustrates the effect of intragastric administration of the extract obtained by decoction
of A. articulata (DEAA 200mg/kg), omeprazole (20 mg/kg p. 0.), vehicle (untreated group) and
groups pretreated with L-NAME, glibenclamide and indomethacin without and with DEAA

200mg/kg on gastric juice acidity in rats.

The per os administration of the DEAA extract (200 mg/kg) in animals pre-treated with
LNAME, glibenclamide and indomethacin reduce significatively the acidity of the gastric juice
(pH =3.85+0.35, 3.64+0.26, 4.09+0.33). The result of acidity in normal group (4.89+0.08) was
similar that of the omeprazole group with a value of pH equal to 4.66+0.21 (ns — no significant
difference). Whereas pH of the gastric juice was acid for the groups pre-treated with L-NAME,
glibenclamide and indomethacin without the extract DEAA 200mg/kg (2.25+0.36, 2.11+0.18,

2.97+0.29, respectively).
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Figure 46: Measurement of gastric acidity in presence and absence of DEAA 200 mg/kg for
rats pretreated with pharmacological substances: L-NAME, glibenclamide and indomethacin
compared to untreated group. The results were expressed as means=SEM, ns — no significant
difference, n=5. *** p< 0.001.

V.4.3.2. Macroscopic gastric lesion evaluation of mechanism

The macroscopic examination of DEAA (200mg/kg) effect in absence or presence of different
pharmacological substances: L-NAME, glibenclamide and indomethacin., on ethanol-induced

gastric mucosa damage is shown in Figure 47.

The protective properties of the DEAA 200mg/kg (Figure 47.D) appeared similar to the positive
group (Figure 47.B) compared to the negative control (Figure 47.C).

L-NAME caused severe damage to the gastric mucosa when administered without DEAA
(Figure 47.E1). However, in the presence of DEAA 200mg/kg (Figure 47.E2), the extent of

damage was reduced, resulting in moderate lesions compared to the negative control.
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Figure 47: Gastric ulcer induced by absolute ethanol in animals pretreated with L-NAME, glibenclamide and indomethacin. A:
Normal group. B: The group pretreated with Omeprazole (20 mg/kg) as positive control. C: The group pre-treated with vehicle as
negativecontrol. D: The group pre-treated with DEAA 200 mg/kg. E1, F1 and G1: The group pre-treated with L- NAME,
glibenclamide or indomethacin respectively in absence of DEAA 200mg/kg. E2, F2 and G2: The group pre-treated with L-NAME,
glibenclamide or indomethacin, respectively in presence of DEAA 200mg/kg.
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Glibenclamide induced extensive stomach mucosal injury (Figure 47.F1) compared to the
ethanol-induced ulcer negative group. However. pretreatment with both glibenclamide and
DEAA provided good protection (Figure 47.F2). This effect was similar to the control positive
group (omeprazole) (Figure 47.F2).

The administration of indomethacin provided a moderate to severe gastric injury against ulcer
caused by ethanol (Figure 47.G1). Whereas the pre-treatment with both indomethacin and
DEAA provides a milder effect (Figure 47.G2) compared to that in presence of indomethacin
alone. The protection of DEAA against the ulcer caused by the ethanol in presence of

indomethacin was similar to the control positive group (omeprazole) and with DEAA alone.

V.4.3.3. Histopathological evaluation of gastric lesions

In the present study, ethanol administration to rats induced macroscopic lesions of gastric tissue,
such as petechiae, hemorrhages and edemas. These lesions are most likely linked to depletion
of mucus from the veins and arteries of the gastric mucosa, producing constriction of
hemorrhage, inflammation and tissue damage. In order to confirm the results of antiulcer

experiment, the stomachs were also evaluated by histopathological examination (Figure 48).

In histological observation, the stomach of the healthy animals showed no damage with a
normal histological structure in the mucosa, muscularis mucosa and submucosa (Figure 48.A).
However, 30 min after of exposure to ethanol, rats presented damage to gastric tissue at a
microscopic level. Histopathological injury caused by ethanol administration is characterized
by severe detachment of the surface epithelium (dep), edema, formation of hemorrhagic and
gastric lesions, and an inflammatory process characterized by neutrophil infiltration (in) (Figure
48.C). In contrast, the stomach of a rat in the positive control group. pretreated with omeprazole
(Figure 48.B), maintains an intact histological mucosa structure, with mild edema, infiltration
of inflammatory cells (in), and mildly dilated blood vessels in the submucosa compared to the
ulcer control rats. Rats pre-treated with DEAA 200mg/kg (Figure 48.D) exhibited good

protection, characterized by reduced or of edema and leukocyte infiltration.
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Figure 48: Histological Evaluation of Gastric Lesions in gastric ulcer induced by absolute ethanol in animals pretreated with L-NAME,
glibenclamide and indomethacin. A: Normal group. B: The group pretreated with Omeprazole (20 mg/kg) as positive control. C: The
group pre-treated with vehicle as negative control. D: The group pre-treated with DEAA 200 mg/kg. E1, F1 and G1: The group pre-
treated with L-NAME, glibenclamide or indomethacin respectively in absence of DEAA 200mg/kg. E2, F2 and G2: The group pre-
treated with L-NAME, glibenclamide or indomethacin, respectively in presence of DEAA 200mg/kg. (dep): detachment of the surface
epithelium, (in) infiltration of inflammatory cells and (cg): congestion.
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Histological observation confirms the ability of DEAA at dose 200 mg/kg to reduce
ethanolinduce gastric damage in the superficial layer of the gastric mucosa and further highly

significantly reduced edema and leucocytes infiltration in submucosa.

There are severe submucosal oedema and leucocytes infiltration in rats pretreated with LNAME
(Figure 48.E1) alone and in rats pretreated with both L-NAME and DEAA (Figure 48.E2),
compared to the negative control (Figure 48.C). In rats pretreated with glibenclamide (Figure
48.F1); there is a moderate disruption to the surface epithelium and significant leucocytes
infiltration and congestion (cg) of blood vessels in the submucosal layer, compared to that seen
in the vehicle as negative control rats. However, the glibenclamide in the presence of DEAA
extract (Figure 48.F2) significantly reduced the edema, leucocytes infiltration and the
congestion of blood vessels in the submucosal compared to glibenclamide effect in absence of
DEAA. Indomethacin administration in the presence of DEAA extract (Figure 48.G2)
significantly reduced leucocytes infiltration and the congestion of blood vessels in the

submucosal compared to indomethacin effect in absence of DEAA administration (Figure
48.G1).

V.4.3.4. Evaluation of percentage of ulceration

The mechanisms of DEAA 200mg/kg gastroprotective effect are illustrated in Figure 49.
Pretreatment with DEAA in the presence of L-NAME, glibenclamide and indomethacin offered
highly significant reducing of the injuries of ulcers caused by ethanol (9.16+1.12, 11.16+1.29,
5.46+1.93%, respectively) compared to the groups in the presence of L-NAME, glibenclamide
and indomethacin without the pre-treatment of DEAA (57.92+1.17, 69.92+2.17, 48.16£1.82%,
respectively). However, there was significant difference between the gastroprotective effects of
groups pre-treated with L-NAME, glibenclamide and indomethacin in absence of DEAA
compared to the omeprazole group and with the group received DEAA (200mg/kg).
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Figure 49: Gastroprotective effect of DEAA at a dose of 200 mg/kg in the presence of
different pharmacological substances: L-NAME, glibenclamide and indomethacin compared to
untreated group. The results were expressed as means+=SEM, ns —no significant difference, n=5.
**% p<0.001.

V.4.3.5. Determination of adhered mucus to gastric wall

The effects of DEAA (200mg/kg) on gastric mucus content are shown in Figure 50. When
DEAA (200mg/kg) was combined with different pharmacological substances (L-NAME,
glibenclamide and indomethacin) increased the production of gastric mucus content (190+2.01,
176£2.11, 2124+2.61 pg/g, respectively) compared to the vehicle of each group (89.43+4.12,
63.12£2.54, 95.65+3.12 ng/g tissue). This increase of the gastric mucus content had a very
highly significantly ulcer protective effect.
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Figure 50: Determination of adhered mucus to gastric wall in presence and absence of DEAA
200 mg/kg for rats pretreated with pharmacological substances: L-NAME, glibenclamide and
indomethacin compared to untreated group. The results were expressed as means+=SEM, n=5.
*H%k p<0.001.

V.4.3.6. Evaluation of in vivo antioxidant activity

The evaluation of the effect of absence and presence of DEAA 200mg/kg in pre-treated rats
with different pharmacological substances on CAT activity, SOD activity and MDA level of

stomach tissue in ethanol-induced gastric mucosal lesion was illustrated in Table 8.

V.4.3.6.1. Determination of superoxide dismutase (SOD) activity

In the assessment of superoxide dismutase (SOD) activity; the statistical analysis showed in all
groups treated with DEAA (200mg/kg) significant increase of the values of SOD (1.309+0.11
[U/min/pg of total protein for DEAA (200 mg/kg), 1.204+0.32 [U/min/pg of total protein for
IndomethacintDEAA  (200mg/kg), 1.138+1.38 IU/min/ug of total protein for
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Glibenclamide+DEAA (200mg/kg) and 1.008+1.01 IU/min/pg of total protein for L-NAME
+DEAA (200mg/kg) compared to the vehicle treated animal groups 0.821+0.78 ; 0.712+0.27;

0.613+0.54; 0.454+1.43 IU/min/pg of total protein for Indomethacin+tDEAA (200mg/kg), Untreated
group, Glibenclamide+ Vehicle, L-NAME+Vehicle, respectively.

V.4.3.6.2. Assessment of catalase activity (CAT)

The statistical analysis of the assessment of catalase activity (CAT) revealed a significant
decrease in catalase in gastric tissue in all groups untreated with DEAA200mg/kg and the
values were 1.12+0.89; 1.2541.33; 1.43%0.67; 1.98+0.65 umol/seconds/ pg of total protein (L-
NAME

+Vehicle, Glibenclamide+ Vehicle, Indomethacin+ Vehicle and Untreated group). While
LNAME+DEAA200mg/kg, Glibenclamide+tDEAA200mg/kg,
IndomethacintDEAA200mg/kg, DEAA200 mg/kg and the omeprazole at 20 mg/kg groups
were able to significantly reversed the decrease on CAT activity induced by ethanol where the
values were 2.08+2.13; 2.31+1.35;

2.65+0.07; 2.74+0.29 and 2.92+0.21 pmol/seconds/ ng of total protein respectively.

V.4.3.6.1. Measurement of lipid peroxidation

MDA estimation, the ethanol groups in absence of DEAA200mg/kg showed a change on
oxidative markers with an increase on lipid peroxidation (MDA) with 49.32+0.53 nmol/pg of
total protein for Glibenclamide+Vehicle, 32.16+0.41 nmol/ug of total protein for untreated
group and 31.284+0.33nmol/pg of total protein for Indomethacin+Vehicle. However, the groups
which received DEAA 200mg/kg and the control positive attenuated the damage induced by
ethanol. Furthermore, the extract of DEAA at 200mg/kg (17.45+0.96 nmol/pg of total protein)
was able to significantly prevent the increase on lipid peroxidation better than the positive

control: Omeprazole at 20mg/kg (21.03+0.09nmol/pg of total protein).
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Discussion

Our study was conducted from June 2020 to January 2021 spread over 182 questionnaire cards.
The information is divided into two sections: the first concerns the informant as the sole owner
of the information, while the second gathers information concerning the medicinal plants such
as local names, plant parts used, medicinal use and preparation. The objective of this
ethnobotanical survey was to identify and establish a list of plants used in traditional medicine
due to their pharmacological properties. A questionnaire (Figure 13) was distributed to villagers

and people with knowledge on the use of medicinal plants through face-to-face interviews.

Of the total informants of 182 69% comprised women and 31% men were interviewed. This
result is in agreement with the studies of Ramdane et al., (2015); Miara et al., (2018) and
Bouafia et al., (2021) who found that the majority of informants were women with the
percentage of 63%, 56% and 57.14%, respectively when the authors compared medicinal plant
knowledge held by males and females. This could be due to women’s greater knowledge of

medicinal plants and the ease with which they can share this knowledge.

The age group that formed the majority of informants was the 51 years - 60 years age group
contributing 37%. The percentage of medicinal plant users older than 60 years old is similar to
that found by Alalwan et al., (2019) where the most respondents were adults between the ages
of 40 years - 60 years (62.5%) followed by (27.5%) in the age group of above 60 years. The
highest age respondents provide more reliable information because they hold much of the
ancestral knowledge that is part of the oral tradition. The least participative age group was the
20 years-35 years which had 9% (Table 1). The reason for lack of interest on medicinal plants
within this age group could be explained by the mistrust of certain young people, who tend not
to believe this herbal medicine due to the influence of modernization and exotic culture

influence.

Traditional knowledge of the use of plants for medical purposes, or the interchange of
information and development of herbal medicine production, might explain these findings that
is why users of medicinal herbs with no educational background accounted for 30% of the total
(Table 1), followed by those with a university education accounted, only a primary, middle, or

secondary education account respectively. Boughrara and Belgacem, (2016) found that the
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illiteracy rate was 33% among users of medicinal plants and the percentage of people who have

a university level of study is 21.33%. These results are quite similar to ours.

The majority of ethnobotanical knowledge came from family, with 65 percent being passed
down through generations. Our findings are consistent with those previously reported by
Eddouks et al., (2017) and Chaachouay et al., (2019) who found that heritage is the primary
source of knowledge acquisition for residents, accounting for approximately 45 percent of all

knowledge acquisition in Morocco.

An ethnobotanical survey and analysis of the flora of the research region were conducted in El
Mergueb Natural reserve. A total of 46 taxa belonging to 23 different families were recorded
(Table 2). As illustrated in Figure 4, the most represented families were Asteraceae with 9
medicinal plant species, followed by Poaceae (6 species) and Lamiaceae (4 species). Our
findings are similar with those of Hammiche and Maiza, (2006) who found that among 33
families listed, Asteraceae, with 12 species (15%), are the most common. This high proportion
could be explained by the high representation of these families in EI-Mergueb Natural Reserve
flora because of the ecological factors that favour the development and adaptation of the
majority of their species. According to Habib et al., (2020), Asteraceae, Poaceae and
Brassicaceae characterize the arid and semi-arid areas in the Mediterranean regions. In Algeria,
some studies highlighted the dominance of Asteraceae, Poaceae and Fabaceae in the steppe

regions (Kazi Tani ef al., 2010). This was also reported in Morocco by Fennane, (2008).

As seen in Table 2, species with high used values (UV) were Artemisia herba-alba Asso (0.58),
Stipa tenacissima L. (0.42), Artemisia campestris L. (0.3), Zyziphus lotus (UV = 0.16),
Marrubium vulgare L. (UV = 0.14). This means that these species are the most important
medicinal plants used in folk medicine by the population of El Mergueb to treat ailments, which
might be due to their vast distribution in the area study. Artemisia herba-alba was named the
first specie in others studies (Nawash et al., 2013; Katiri et al., 2017). In Algerian traditional
medicine, Artimisia herba-alba is one of the most commonly utilized herbs. This plant is used
to cure gastrointestinal problems including diarrhea and abdominal discomfort, as well as to
heal exterior wounds (Khennouf ez al., 2010; Boudjelal ez al., 2013; Miara et al., 2018), diabetes

(Bouasla and Bouasla, 2017), cancer, and respiratory system diseases (Ouelbani et al., 2016).
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The second most plant cited is Stipa tenacissima which is recommended as a hypoglycemic and
in the treatment of persistent scalp ulcers, cleaning the ashes. Artemisia campestris is used for
digestive disorders, stomach discomfort, nausea, and menstrual cramps. vulnerary,
antihemorrhagic poultice whereas, Zyziphus lotus is used to treat anti-inflammatory diseases
(Benderradji et al., 2014). Marrubium vulgare is utilized for diabetes therapy, digestive
problems, stomach pain, fever, migraine, wound, cardiovascular diseases, respiratory and liver
diseases, allergies, leishmaniose, febrifuge, vermifuge, anti-emetic, tonic, analgesic,

antispasmodic (Miara et al., 2019).

Locals are aware of the dangers of poisonous plants and use extreme caution while utilizing
plants such as Thapsia garganica L. (Mohamed Ibrahim et al., 2018), Nerium oleander L.
(Aslani et al., 2004), Colocynthis vulgaris L. (Adam Sakine et al., 2011), Retama retam Webb.
(Algandaby, 2015), Asparagus stipularis L., Thymelaea hirsute L., Peganum harmala L.
(Nenaah, 2011). Toxicity of therapeutic plants can be attributed to their active chemical
combinations, interactions with other herbs and medicines, or intrinsic toxicity. Plants contain
complex combinations of terpenes, alkaloids, saponins, and other compounds, which increases
the potential of unpleasant responses to any of them or the cumulative or synergistic effects of

chemical interactions (Saad et al., 2006).

Several medicinal plants preparation methods are used in traditional medicine to fight the
different kind of ailments such as decoction, infusion, grinding, maceration, powder and
cataplasm. Data analysis showed that infusion is the most common preparation method used by
the population studied (42.6%) (Figure 20). This result agrees with findings of previous studies.
DemiRci and Ozhatay, (2012) reported that the infusion is generally the used preparation
method, accounting for 41.8% of the recorded species, followed by decoction (23.9%).
However, Chaachouay et al.,( 2019) found that the percentage of infusion was 53.9% followed
by decoction (22.1%). It seems to us that decoction and infusion in water are the most widely
used methods given the ease of their preparation and administration by users, as it was similarly
mentioned in other studies (Hammiche and Maiza, 2006; Benitez et al., 2010; Boudjelal et al.,

2013; Fakchich and Elachouri, 2014; Sargin et al., 2015)

Almost all different parts of plants were reported to be used as a drug by the traditional healers
and local people, but leaves were the most common (39.6%) (Figure 21). This result is

consistent with other studies that have shown that leaves are the most preferred part of plant for
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the preparation of remedies. Miara ef al., (2018) indicated that the leaves are the plant part most
commonly used as herbal remedies (29%). Unspecified aerial parts are also often used (17%),
as well as fruits and seeds (12 and 11% respectively). This result might be explained by the fact
that leaves are the most commonly utilized since they are readily available. It was also shown
that the respondents had a strong preference for utilizing leaves to identify and differentiate
therapeutic plants. As a result, if the leaf is a crucial component in plant identification and has
frequent and simple access, it should be employed more than other plant parts. This conclusion
is in line with the results of Akerreta et al., (2007). Despite, it has been well established that all
parts of the plants are rich in active compounds, the local population most often uses leaves in
their preparations, which could be explained by the fact that the totality of the knowledge
acquired by the population of the region is traditional and transmitted empirically from one
generation to the next. In addition, the leaves are very abundant and their harvest is very easy
(Sargin et al., 2015; Yemele et al., 2015). Furthermore, since the leaves are main photosynthetic

organ of plants, bioactive phytochemicals are concentrated in the leaves (Benarba et al., 2015).

The main fieldwork of ethno-medicinal survey of A. articulata was to collect information by
native people of the study area (M’sila). Two vernacular names are used to indicate A.
articulata: Ajrem and Echannan. Data from the ethnopharmacological survey showed that
100% of people know the plant by the name of Ajrem. The main treated disease reported is anti-
inflammatory disease, theumatism, with a frequency of citations of 61.86% of the 118 total
citations. It is followed by diabetes with a frequency of citations of 43.22% and another
common disease reported by the people is the use of the plant to treat dermatosis and abdominal
pain with a frequency of citation of 27.96% and 10.17%, respectively. Flowers and leaves were
the most used plant component (68.64%), followed by the roots (55.93%). However, the main

form of preparation was cataplasm (89.83%).

In the present study the yields of the various fraction extracts ranged from 7.6 to 42.2%.
According to Benhammou et al., (2013), the root of A. articulata methanolic extract, ethyl
acetate fraction, and butanolic fraction yielded lower values than our results. Solvent
extractability is primarily determined by the component's solubility in the solvent (Dhanani et
al., 2017). Compared to other species of Chenopodiaceae family, the values reported for
Atriplex halimus (Benhammou et al., 2009) and Arthrophytum scoparium were (19.87%)
according to Dehimi ef al., (2020).

100



Discussion

A high-yield extract with minimal alterations to its functional qualities is the result of a
successful extraction procedure. Numerous studies have shown that different extraction
methods result in diverse biological activity from the extracts. Mainly, a compound's solubility
in a solvent determines the solvent's capacity for extraction (Hmidani et al., 2019). Many
studies point out that the percentage of extraction yield depends mainly on the extraction
procedure, in particular, the temperature used during the extraction, the polarity of the
compounds of the extract, the solvent ratio and the methods of extraction (maceration,
decoction, evaporation) (Markom et al., 2007, Wijngaard et al., 2012). Because
hightemperature water disrupts cells and encourages the penetration and solubilization of
solvent molecules, aqueous extraction is more effective at higher temperatures (De La Guardia

and Armenta, 2011).

Secondary plant metabolites represent major groups of plant constituents that work
predominantly as antioxidants or scavenger of free radicals. In this study, the amounts of total
phenolics, flavonoids and tannins in A. articulata extracts were carried out. The total phenolics
and the total content of tannins in extracts were determined according to Folin-Ciocalteu
method using gallic acid and tannic acid as a standard respectively. Whereas, the flavonoids
content was estimated by the AICl; method and expressed as milligram of qurcetin equivalents

per gram of extracts.

The results given in Table 4 showed that chloroform fraction indicating highest content for total
phenolics and flavonoids (497.98+0.377 and 79.89+0.789 mg/gE, respectively). n-butanol
fraction reported the highest content for tannins 162.89+2.103 mg/gE. The amount of total
phenolics and flavonoids compounds in different species of Chenopodiaceae family; Atriplex
halimus and A. articulata reported by Belyagoubi-Benhammou ef al. (2014) and in Agatophora
alopecuroide, A. articulata, Hammada elegans, Salsola baryosma, Salsola vermiculata
reported by Djeridane et al. (2015) were lower than those found for 4. articulata extracts in
this study. In terms of total tannins content, all extracts demonstrates a higher TTC than that
published by Berrani ef al. (2019) for methanolic extracts of aerial parts and roots of A.

aretioides Coss. & Moq.

There are various explanations for variations in the phenolic content. Many intrinsic factors
such as plant varieties (genetic), plant parts. environmental circumstances (soil, climate

irrigation, temperature range, exposure to diseases and pests), cultural techniques, harvest
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season, drying methods, handling and storage factors can also impact plant phenolic content

during the plant development cycle (Moghaddam ef al., 2018).

Furthermore, genetic variety, biological characteristics, and environmental factors may
influence the quantity of flavonoids in plants. Phenolic compounds are more soluble in polar

organic solvents because they include a hydroxyl group (Aryal et al., 2019).

LC-MS-MS was used to qualitatively identify the secondary metabolites found in the nButanol,
ethyl acetate, and chloroform fractions of A. articulata. The ion trap mass spectrometer was
used in multiple reaction monitoring (MRM) mode, utilising both positive and negative ions.

Information on 26 Polyphenols standards and whether they were detected or not.

In the present study Seven metabolites were identified, Anthrone, Beta carotene, Butylated
hydroxy anisole, Butylatedhydroxytoluene, Gallic acid, Myricetin and Rutin. Chromatography
analysis of successive fractions of the ethanolic extract of areal parts of A. articulata. Metwally
et al., (2012) isolated B-sitosterol from the unsaponifiable fraction of A. articulata, caffeine
from the methylene chloride fraction, and 4-acetoxy phenol from the ethyl acetate fraction using
chromatography analysis. These isolates were structurally elucidated using IR, EI-MS, 1H
NMR, and 3C NMR methods (Gamal et al., 2022b). However, the chromatographic analysis
of the MeOH extracts of Anabasis aretioides Coss. & Moq. revealed the identification of 25
phenolic compounds (Berrani ef al., 2019) two of them: Gallic acid and Rutin were detected in

the present study in the three studied fractions.

Studies on antioxidant capacity and determination of secondary metabolites involving Saharan
Algerian plants are scarce. In fact, no studies about the extract obtained by decoction of flowers
and leaves of A. articulata was investigated. Antioxidant capacities of plant extracts not only
depend on extract composition but also on the conditions of the test used (Dudonné et al., 2009).
It is crucial to use multiple tests to evaluate the extract composition, which acts through various
mechanisms such as preventing chain initiation, binding transition metal ion catalysts, breaking
down peroxides, reductive capacity, scavenging radicals, and stopping hydrogen abstraction
(Amorati et al., 2013) that is why the antioxidant abilities of the studied extract were evaluated

using different methods.
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In this study eight colorimetric methods which are TAC, DPPHe, ABTS, Hydroxyl radical,
hydrogen peroxide scavarg test, Ferrous ion chelating activity, Reducing power and B-carotene
bleaching assay are used to evaluate the antioxidant capacity of our natural extract. The results

from the antioxidant activity evaluation are presented in Table 6, Figure 24, 25 and 26.

Total Antioxidant Capacity TAC was determined by the phosphomolybdate method. This
method was based on the reduction of Mo (VI) to Mo (V) by the antioxidant compound and the
formation of a green phosphate/ Mo (V) complex with a maximal absorption at 695 nm
according to Prieto ef al., (1999). The present work showed that the extracts reveal a high total
antioxidant capacity. The results showed that the overall antioxidant capacity was highest in the
chloroform fraction (ChFA) (ECs0=0.150+0.0017 mg/mL) and lowest in the aqueous fraction
(EC50=0.495%0.0068 mg/mL). The corresponding ECso values for the other extracts were
0.182+0.0041, 0.202+0.0015, and 0.344+0.0037 mg/mL for nBFA, EAFA, and EEAA, in that
order. An ECsp was 0.002+0.003 mg/mL for the standard (vitamin C). This could be attributed
to the presence of phenolic compounds. Tannins and flavonoids may also be responsible for
this good activity. According to Hayat et al., (2020) secondary metabolites such as polyphenols
and flavonoids make a significant contribution to the total antioxidant activity of many
medicinal plants. Moreover, antioxidant capacity depends not only on the phenolic compound
content, but also on the cholic composition, the total number of hydroxyl groups and their

position on the aromatic ring (Shi et al., 2022).

DPPH radical scavenging method is common spectrophotometric procedure for determining
antioxidant capacity of extracts and it is based on the ability of DPPH radical to decolorize in
the presence of antioxidants by accepting an electron or hydrogen donated by an antioxidant
compound (Bouaziz et al., 2015). Results showed that all extracts exhibited an important
activity in scavenging DPPH radicals (Table 6). The extract with the highest free radical
scavenging activity were EEAA (ICso = 0.074+0.003 mg/mL), ChFA (ICso = 0.082+0.0012) in
the second position, and nBFA (ICso = 0.083+0.0016 mg/mL) in the third position, with an ICsq
0f 0.026+0.0006 mg/mL for the standard. The antioxidant activity of plant extract is most likely
related to the amount of polyphenols present and may also vary depending on the quality of
polyphenols and flavonoids (Li et al., 2012). Antioxidant structural conformation determines
the mechanism of the response between antioxidants and DPPH. The structural properties of

the antioxidant molecule can affect the DPPH radical, resulting in a decrease in the DPPH

103



Discussion

number that is equivalent to the amount of hydroxyl groups in the antioxidant component

(Yamauchi et al., 2024).

The ABTS radical scavenging activity and the DPPH technique have the same mechanistic
response. Both rely on the movement of electrons (Platzer et al., 2021). The ABTS test is a
decolourising assay that involves the straight radical into monocation, which has a long
wavelength absorption spectrum without the participation of any intermediate radical (Suseela
et al., 2010). The ABTS scavenging power was greater than the DPPH radical scavenging
capability in all of our extracts. The highest ABTS radical scavenging activity was
demonstrated by nBFA and EEAA, whose IC50 values were similar to the standard BHT's
(0.015+0.0003 mg/mL; 0.012+0.0004 and 0.016+0.0002 mg/mL, respectively). After DEAA
and AqFA, ChFA EAFA came in second with IC50 values of 0.021+0.0007, 0.022+0.0008,
0.036+0.0008, and 0.039+0.0006 mg/mL, respectively.

The solubility of the stereo selectivity of the extract's radicals in diverse systems impacts the
extract's capacity to react against distinct radicals (Ashafa et al., 2010). There was a correlation
found between phenolic contents and the ABTS scavenging effect. Polyphenols' strong ability
to scavenge radicals would demonstrate their antioxidative and other biological properties

(Basu and Maier, 2016).

Hydroxyl radical scavenging activity of the extractives was determined by the ability of
different extracts to scavenge the hydroxyl radicals wich is a strong reactive oxygen species. In
the biological system, it interacts with the polyunsaturated fatty acids in the cell membrane,
causing harm. In biological systems, it is crucial to the toxicity caused by ROS since it interacts

and inactivates or damages proteins, lipids, DNA, and RNA (Jomova et al., 2023).

The evaluation of the hydroxyl radical scavenging activity revealed a significant anti-radical
impact, which is listed in decreasing order as follows: ICso values for ChFA, nBFA, EAFA, and
AQFA, respectively, are as follows: 1Cs¢ values for ChFA, nBFA, and EAFA, ICso values for
0.422, 0.0032, 0.509, and 0.0278 mg/mL, 0.782, 0.0092 mg/mL, and 0.802, 0.006 mg/mL,
EEAA. Antioxidants provide a significant barrier against radical-mediated toxicity by
preventing free radical damage. They primarily serve as free radical scavengers, chain-breaking
antioxidants, metal chelators, reducing agents, oxidative enzyme inhibitors, and singlet oxygen

quenchers (Choe and Min, 2009). Secondary metabolic may operate as antioxidants since chain
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breaking antioxidants act by scavenging radicals, usually hydroxyl radicals, and so preventing
the cascade of oxidative events that leads to destruction of lipid membranes, proteins, and DNA

(Li et al., 2010).

Hydrogen peroxide scavenging activity one of the most common tests for assessing the trapping
capacity of hydrogen peroxide which is based on the uptake of this molecule in the UV domain.
Although hydrogen peroxide is not a highly reactive substance, it can be harmful at times.
Hydrogen peroxide is a weak oxidising agent that directly inhibits a few enzymes, often by
oxidising crucial thiol-groups (- SH). It has the ability to rapidly enter cell membranes. Once
inside, it may combine with Fe?+ and Cu?+ ions to create hydroxyl radicals, which may be

responsible for many of its harmful effects (Sunitha, 2016).

In comparison to Vit C (0.010 = 0.0004 mg/mL), the antioxidant activity of ChFA
(EC50=0.361+0.0087 mg/mL) was higher than that of DEAA, AqFA, and EEAA, and
comparable to that of nBFA and EAFA (EC50=0.422+0.0032 and 0.509+0.0278 mg/mL,
respectively). The present study revealed good scavenging activity suggested that phenolics
compounds were responsible for this antioxidant activity. Antioxidants prevent the initiation of
oxidation that occurs by inhibiting superoxide anion production and degrading hydrogen
peroxide (Sun ef al., 2009). Numerous studies have shown that there is a positive correlation
between total phenols and hydrogen peroxide scavenging ability, and this tendency seems to be

present in many plant species (Sroka and Cisowski, 2003; Kumar ef al., 2017).

Metal chelating ability is crucial because it lowers the concentration of the catalyzing transition
metal in lipid peroxidation, which generates the initial few radicals and initiates the
radicalmediated oxidative chain reactions in biological systems. Chelating compounds that
create bonds with metals have been shown to be efficient secondary antioxidants because they

diminish the redox potential (Gulcin and Alwasel, 2022).

The ferrous ion chelating activity of EAFA and decoction extract (0.014+0.002 and 0.073+0.002
mg/mL) exhibit comparable metal-chelating capabilities. When compared to nBFA, ChFA,
AgFA, and EEAA (0.19£0.008, 1.11+0.03, 1.4+0.004, and 2.29+0.11 mg/mL, respectively),
these two extracts had greater activity. The standard used in the comparison was EDTA
(0.003£0.0006 mg/mL). According to the literature, various investigations indicated that

polyphenols and flavonoids can be efficient chelators for iron and copper with a certain
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structure and functional groups (Halliwell, 2007). Furthermore, it was reported that the
compounds with structures containing two or more of the following functional groups: — OH,
—SH, -COOH, —PO3H;, —C=0, -NR», —S— and —O— have a pronounced metal chelating activity
(BiCek et al., 2023).

The reduction of ferric iron (Fe*) to ferrous iron (Fe™?) is the method by which the reducing
power of extracts is evaluated (Chung et al., 2005). The transformation of ferric iron to ferrous
iron was determined as reducing capacity. The reducing capacity of polyphenols may represent
an indicator of electron-donating activity, which is an important mechanism of phenolic
antioxidant action, and can be strongly correlated with other antioxidant properties (Pulido e?

al., 2000).

The extracts had a lesser lowering capacity than the standard, according to the results. When
compared to the BHT at a standard 0.051+0.006, EAFA and ChFA showed the best reducing
power, with IC50 values of 0.188+0.0008 and 0.314+0.016 mg/mL, respectively. AqQFA had an
IC50 of 0.6910+0.039 mg/mL and DEAA had an IC50 of 0.9+£0.014 mg/mL, with nBFA and
EEAA having comparable values of 0.457+0.0256 and 0.497+0.024 mg/ml, respectively. The
presence of phenolic compounds in these extracts may be explained by their reducing power.
Relations between Fe*" reducing activity and total phenol content have been reported in the

literature (Djenidi et al., 2020).

B-carotene bleaching tests include giving a hydrogen atom to suppress lipid peroxidation.

Biomolecules with antioxidant properties can neutralise linoleate free radicals and prevent
Bcarotene bleaching (Sarikurkcu et al., 2008). The bleaching of B-carotene is due to the radical
scavenging of hydroperoxides generated during the peroxidation of linoleic acid and the
prevention of linoleic acid peroxidation (Prieto et al.,2012). The inhibition of lipid peroxidation
is due to a strong occurrence of phenolic compounds such as phenols, saponins, terpenoids and
specially flavonoids and tannins. In fact, flavonoids are accounted for its free radical as well as

antioxidant activity (Rao, 2016).

Figure 26 shows that all extracts have considerable antioxidant activity when compared to the
standard BHT (93.18+1.743%). In terms of B-carotene oxidation, EAFA, nBFA, and AqFA have
the most inhibitory effects within a day (85.19+0.803, 85.12+0.793, and 83.93+1.271%). ChFA,
EEAA, and DEAA are next best at 80.590+1.032, 79.8954+0.447, and 79.834+1.033%,
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respectively. Due to their active hydrogen donor capacity of hydroxyl substitution, the
investigated extracts demonstrated a significant anti-radical action that is directly correlated

with their total phenolic and flavonoid contents (Pourmorad et al., 2006; Loganayaki et al.,

2013; Joshi et al., 2024).

In vitro anti-inflammatory effect of extracts was evaluated utilizing egg albumin denaturation
and denaturation of bovine serum Albumin assays with Aspirin serving as the reference drug in

each case.

Protein denaturation is the process by which proteins lose their tertiary and secondary structures
due to the application of an external stressor substance such as a strong acid or base, a
concentrated inorganic salt, an organic solvent, or heat. When biological proteins are denatured,
they lose their biological function (Kiranmayi et al., 2018) and cause inflammatory diseases.
Inflammation is known to be generated by the denaturation of proteins. Denatured proteins
generally no longer serve their intended biological purpose. (Nouioura et al., 2023). All extracts
were able to inhibit protein denaturation and had an effect close to standard drug. Several
investigations have shown that the anti-denaturation effect may be attributable to the presence
of secondary metabolites (De et al., 2017; Henneh et al., 2018). They have interesting biological
activities as the active principles such as polyphenols, triterpenoids, alkaloids, steroids, sinapic
acid, coumaric acid, vanillic acid, kaempferol, ferulic acid and benzoic acid, which had

exhibited significant anti-inflammatory activity (Kiranmayi ef al., 2018; Mahdjar et al., 2020).

Among the molecular modelling techniques, docking has emerged as a crucial tool in the field
of drug discovery, helping to anticipate the specifics of the molecular interaction between a

therapeutically relevant target protein and a molecule (Sharma et al., 2021).

Molecular docking results can be applied to assess and enhance biological experimental
findings. In biological investigations, the effect of a molecule on a system's ability to operate is
measured experimentally. These tests include, for example, binding assays and activity testing
conducted on cells or creatures (Ali et al., 2023). With this combined approach, scientists may
steer the creation of new molecules, assess their potential as medicines, and improve their
biological characteristics. The drug development process is accelerated and improved by this,
as it provides predictive information and eliminates the need for costly and time-consuming

experiments (Benyahlou et al., 2023).
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In molecular docking study using AutoDock Vina program, Figure 26 and 27 showed many
hydrogen bonding connections between each ligand and the protein. Additionally, non-covalent
interactions like hydrophobic and electrostatic connections were discovered. These noncovalent
interactions help the ligand-protein complexes stay stable and particular, which eventually
increases their effectiveness. Based on the results obtained, each of these ligands has the
potential to be an effective principle in the fight against this illness, as we can expect.
Additionally, the combined efforts of these 7 ligands may produce even better results. Finally,
in silico findings support the results of the investigation study presenting action that reduces

inflammation which demonstrated an excellent correlation with the experimental findings.

In acute toxicity study by gavage, no death up to 14 days of the study period. Even at the highest
dose 5000 mg/kg b.w, there were no physical signs of toxicity as evidenced by normal breathing
and the absence of tremors, convulsions, diarrhea, salivation and paralysis in the treated
animals. This suggests that DEAA and EEAA was safe and non-toxic to mice during the
monitoring period according to the OECD categorization and consequently, it was calculated
that the median lethal dosage (LDso) was greater than 5000 mg/kg b.w. It may be suggested that
compounds from decoction and ethanolic extract of flowers and leaves of 4. articulata extract

present no acute toxicity, since no toxic effects were found after high dose administration.

Based on the OECD, (2001) classification, this indicates that DEAA and EEAA were safe and
non-toxic to mice during the monitoring period. As a result, the median lethal dose of DEAA
and EEAA was determined to be in excess of 5 g/kg b.w. It is possible that compounds derived
from DEAA and EEAA show no acute toxicity, since harmful effects were found after high
dose administration. This finding is in line with that found by Kaddour ef al., (2019), who found
that Arthrophytum scoparium (Chenopodiaceae) at doses of 2 and 5 g/kg did not cause any

behavioural abnormalities or mortality during the essay.

The body weight gain showed no significant difference (P>0.05) between the control and
treated groups after DEAA and EEAA administration. This result showed that DEAA and
EEAA did not affect the increase in body weight of mice (Figure 32). This may be partly
explained by the fact that DEAA and EEAA had no detrimental effects on appetite or food
consumption. This may be that the mice grew and gained weight over time during the test since
the changes in body weight from the control would reveal the no toxicity of the extract

(Sireeratawong et al., 2008).
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Relative organ weights are important indicators of target organs injury and physiological
disturbances (Righi et al., 2021; Nouioura et al., 2023). The present study as illustrated in
Figures 33 and 34 did not reveal any significant changes in organ weight in the heart and spleen
after administration of DEAA and EEAA, however, the kidney and liver relative weights
exhibited progressive increases at 5000 mg/kg, yet this increase was significant compared to
control group. This increase in the liver relative weight may be due to an increased metabolic

response to the extract, which may has increased hepatic activity (Aouachria et al., 2017).

Histopathology study of the liver and kidney (Figure 35) revealed normal hepatocytes and
normal glomeruli, no alteration in the structure in treated animals compared to control except
the vascular congestions that were noticed in liver and kidney tissues of animals treated with

DEAA or EEAA (5000 mg/kg).The presence of congestion in liver and kidneys may be a result
of a vasoconstriction action induced by the extract on the wall of blood vessels (Grande et al.,

2017).

Three procedures were used to examine the anti-inflammatory activity of DEAA and EEAA:

Carrageenan induced paw edema in rats, croton oil, and xylene induced ear edema in mice.

Tests were conducted with two doses: 100 and 200 mg/kg. The acquired findings were
compared with the drug; Indomethacin (10 mg/kg). Figure 36-A and 37-A illustrated the paw
thickness of inflammation during 6 h of administration of standard and two doses of DEAA and
EEAA respectively. In carrageenan treated animals, after a progressive rise, the paw edema
peaked at 6.138+0.023 mm after 6 hours. However, the inhibition of paw edema in rats
receiving DEAA and EEAA showed inhibition at oral doses of 200 mg/kg of 91.284 +1.743%
and 77.926 + 1.733%, respectively compared to indomethacin treated group with percentage of
inhibition of 89.984 + 1.323% Figure 36-B and 37-B. Abdallaha et al., (2014) and Ben Menni
etal., (2022) reported similar findings for Anabasis articulata using methanolic and the fraction
for the first and using the sterols for the second. On the other hand, Chenopodium ambrosioides
(Chenopodiaceae) extract described by Ouadja et al. (2021) could not reduce

Carrageenaninduced paw edema in rats.

Carrageenan can cause a range of symptoms in humans that are comparable to acute
inflammation, including fast edoema, increased vascular permeability, localised telangiectasia,

and plasma extravasation (Dai et al., 2019). A well-known and often used model of
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inflammation in rats is carrageenan-mediated paw edoema, which results in a biphasic phase in
the inflammatory pathway (Ben Khedir et al., 2016).This inflammation is characterised by the
successive release of many inflammatory chemicals. The initial phase (1-3 hours) contains
serotonin, histamine, and bradykinin, whereas the latter phase (3-6 hours) contains
prostaglandins. Inflammatory mediators and reactive oxygen species are both elevated at the
final phase of inflammation. NSAIDs often do not suppress the first phase of inflammation

(Necas and Bartosikova, 2013).

Croton-oil is extracted from Croton tiglium L. seeds (Salatino et al., 2007) and it causes topic
irritation and edema when applied topically (Al Amin et al., 2012). This test measures a
variation in ear plug volume after the injection of an irritation agent in order to determine the

inflammatory response. The findings of this investigation are shown in (Figure 38 and 39).

Edema is effectively reduced by 77.58+0.64% and 76.193+1.135% at dose of 200 mg/kg of
DEAA and EEAA, respectively. Indomethacin, employed as a positive control has an estimated
80.68+1.258% anti-inflammatory effect. Croton oil-induced dermatitis exemplifies an acute
inflammatory reaction at its peak. This test is commonly used for discovering prospective
antiinflammatory medications in the management of skin conditions (Mo et al., 2013). The 12-
Otetra-decanoyl-13-phorbol acetate (TPA) molecule is what gives croton oil its phlogogenic
properties. TPA causes inflammation that manifests as a significant increase in blood vessel
permeability, neutrophils infiltration, edoema, and the generation of mediators of inflammation
(Karbab et al., 2020). According to Pérez et al., (2011), TPA-induced mouse ear edoema was
effectively prevented by the essential oil of Chenopodium album L. (Chenopodiaceae).

The oedematization caused by xylene in mice's ears resembles oedematization that occurs
during the early phases of acute inflammation (Torres-Régo et al., 2016). Following topical
application of xylene, signs of acute inflammation include significant vaso-dilation, skin
edoema, and inflammatory cell infiltration (Kim ef a/., 2007).An increase in ear oedema caused

by xylene was considerably and dose-dependently reduced by the plant extract.

Figures 40 and 41 display the results of this experiment. The edoema is successfully reduced
by DEAA and EEAA at dosage of 200 mg/kg, at 81.74+0.36% and 70.65%3.19%, respectively.
The concurrent anti-inflammatory impact of indomethacin, the positive control, was assessed

to be 82.98%.
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Both extracts have anti-inflammatory properties which may be attributed to the presence of
steroids, alkaloids, and flavonoids presents in extracts. The phytochemical studies of A.
articulata revealed a variety of secondary metabolites, including phenolics (Gamal et al.,
2022b), alkaloids (Belyagoubi-Benhammou et al., 2019) and saponin ssuch as 3-O-
glucopyranosyl of stigmasterol, Beta-sitosterol, sitostanol, 3-O-(Beta-D-the gluco-pyranosyl]
oleanolicacid, 3-O-[Beta-D-gluco-pyranosyl -28-O-eta-D- xylopyranosyl] oleanolicacid, in
addition to procericacid (Metwally et al., 2012).

The impact of ethanolic and decocted extracts of A. articulata on peripheral nociceptive
sensitivity was tested in mice using an analgesic activity test. In mice, an intraperitoneal
injection of 6% acetic acid triggered a cramp-like response characterised by waves of
contraction and elongation of the abdominal muscles, followed by extension of the hind legs
(Yemitan and Adeyemi, 2017). In our investigation, decocted and ethanolic extracts
significantly (P < 0.001) decreased the number of acetic acid-induced abdominal contractions
or twists in a dose-dependent manner. Extracts have a dose-dependent analgesic effect, which
is consistent with previous research (Qnais, 2011; Bhat et al., 2014; Zaheer et al., 2018). The
mechanism of pain beginning arises from a tissue damage that causes the release of various
chemical mediators like as histamine and serotonin in the intraperitoneal fluid, which excite
nociceptive receptors situated at the peritoneal (Uddin Chy ef al., 2021). Acetic acid-induced
contractions are also caused by the generation and release of algogenic mediators via
cyclooxygenases (COX) and prostaglandin biosynthesis, particularly PGE» generated by COX;.
(Acha et al., 2019). These then stimulate pain nerve terminals, because abdominal contraction

1s associated to sensitisation of nociceptive receptors to prostaglandins. (Jang et al., 2020).

Acetylsalicylic acid treatment can decrease the algogenic impact of acetic acid by reducing the
production of pain mediators in peripheral tissues and inhibiting COX; and COX> activity
(Freye, E., 2008). The mechanism of action of analgesics may involve inhibition of lipo- and
cyclooxygenases as well as the synthesis of inflammatory mediators and prostaglandins (PGE2
and PGE2a) (Dou et al., 2004). A. articulata extract exhibits analgesic efficacy, based on the
data obtained. Because the extracts contained alkaloids and phenolic components, they may
have some peripheral analgesic effect. In other therapeutic plants, these substances are known

to have analgesic effects (Annegowda et al., 2012; Sen et al., 2013; Harchaoui et al., 2018).
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According to Franke et al., (2005), the most prevalent cause of stomach ulcers is alcohol
consumption. Excessive alcohol consumption raises the risk of stomach mucosal injury. The rat
model of ethanol-induced gastric mucosal injury is commonly used in research to test drugs
with putative anti-ulcer activities, as ethanol is the principal cause of stomach ulcers reported

in people. (Beiranvand, 2022).

A gastric ulceration is a benign lesion of the mucosal epithelium that develops in the stomach
as a result of exposure to excessive acid (Sabiu et al., 2015). The animal model of
ethanolinduced gastric ulcer is a common and practical one for studying gastroprotective

medications (Sistani Karampour et al., 2019).

In the present study as illustrated in Figure 43 and 44, the percentage of ulceration was
5.16+£0.33% at dose of 200 mg/kg for the decocted extract of Anabasis articulata (DEAA).
12,67+0.26% was the percentage of ulceration for the ethanolic extract (EEAA) at dose of
600mg/kg. So, the oral administration of DEAA displayed protective effects against ethanol

induced gastric lesions more than EEAA.

Ethanol causes disorganization in mucosal microcirculation and ischemia, creates free radicals,
and releases endothelium, resulting in its ulcerogenic action (Prazeres et al., 2019). The
considerable rise in ulcer index following oral treatment of ethanol in the ulcerated rats might
be due to either free radical production or suppression of prostaglandin synthesis. (Kouitcheu

Mabeku et al., 2017).

Flavonoids have been observed to enhance mucosal prostaglandin content. Reduced
prostaglandin levels have been associated to decreased gastroprotection and increased stomach
output, which are critical events in the aetiology of mucosal ulcers (Adefisayo et al., 2018). The
preliminary phytochemical analysis of DEAA showed the presence of flavonoids. Flavonoids
have been reported to possess antiulcer activity in various experimental models (Sakat ef al.,
2012; Shahzad et al., 2024). Several mechanisms have been proposed to explain
gastroprotective effects of flavonoids; these include increase of mucosal prostaglandin content,
decrease of histamine secretion from mast cells by inhibition of histidine decarboxylase and
inhibition of Helicobacor pylori growth. In addition, flavonoids have been found to be free

radical scavenger; free radicals play an important role in ulcerative and erosive lesions of
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gastrointestinal tract (Dhiman et al., 2016). So, the antiulcer activity of DEAA may be attributed

to its flavonoids content.

The use of pharmacological compounds that operate on these several axes is necessary to
understand the mechanism of action and to look for novel anti-ulcer drugs since the aetiology
of gastric ulcers is complex and can affect multiple axes in the stomach. For this reason, rats
with stomach ulcers caused by absolute ethanol were examined in the presence or absence of
the selected extract DEAA at a concentration of 200 mg/kg. The animals were pretreated with

L-NAME, glibenclamide, and indomethacin.

In order to understand how A. articulata extracts protect against ethanol-induced acute gastric
mucosal lesions, we looked into the mechanisms underlying these benefits. Direct contact
between ethanol and the stomach mucosa can result in damage due to the powerful mucosal
damaging agent. We found that ethanol, a topical irritant that interacts directly with the stomach
mucosa when any pharmacological agent is present, caused the gastric mucosa of rats to become
severely hemorrhagic. Similar hemorrhagic lesions in the stomach of rats caused by this

combination have been reported (Ribeiro et al., 2016).

The proliferative zone of stomach glands and mucosal defence mechanisms preserve the
delicate balance between the epithelium and subepithelial components, which is necessary for
the preservation of gastric mucosal integrity when exposed to a variety of hazardous substances
(Czekaj et al., 2018). These processes include preserving continuous blood flow to the mucosa,
secreting mucus and alkaline substances, and repairing and growing mucosal cells (Forssell,
1988). Endogenous prostaglandins, which stimulate the creation of NO, hydrogen sulphide, and
carbon monoxide by endothelial cells and the mucosa, increase mucosal integrity and

gastroprotection (Magierowski et al., 2016).

This molecule (NO) is involved in many processes in the gastrointestinal tract, such as blood
flow regulation, vascular tone maintenance, mucus secretion from the stomach, mast cell
activity modulation, and smooth muscle tone adjustment, which includes antral motor activity,

intestinal peristaltism, and gastric emptying (Falcdo et al., 2013).

Our findings demonstrated that the gastroprotection provided by the decocted extract of 4.

articulata reduces the reduction of NO production caused by the action of NO synthase
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inhibitor (L-NAME), suggesting that the maintenance of synthesis is essential for gastric
protection provided by DEAA (200mg/kg). By interacting with other mediators involved in
mucosa protection, such as prostaglandins and the release of mucus and bicarbonate, NO can

also modify the integrity of the stomach mucosa (Tarnawski et al., 2013).

Our findings indicate that the decocted extract of 4. articulata offers gastroprotection against
the effects of glibenaclide, a KATP channel blocker that prevents prostaglandin generation.
Prostaglandins are also significant endogenous gastroprotective agents that regulate mucosal
blood flow by promoting mucus and bicarbonate production, preventing neutrophil adhesion
and activation, and enhancing epithelial cell resistance to possible cytotoxic injury (Makmun,

2005).

As a non-steroidal anti-inflammatory medicine (NSAID), indomethacin primarily causes
stomach injury by preventing the formation of prostaglandins by blocking the activity of COX1
isozymes (Yokota ef al., 2005). The stomach mucosa was successfully shielded against lesions
caused by the combination of ethanol and indomethacin by oral treatment with A. articulata

200 mg/kg.

Glibenclamide, Indomethacin, and L-NAME pretreatments did not prevent the gastroprotection
provided by DEAA 200 mg/kg. This implies that the decocted extract of A. articulata could

function via a different mechanism under these conditions.

Ethanol is usually used to induce gastric lesions in animal models (Aziz et al., 2019), gastric
lesions are characterised by a condition of inflammation, oxidative stress, free radical
production, and apoptosis (Jasna and Draze, 2011). Ulcer indices, such as pH level and lesion
count, are employed as indicators of stomach ulcers caused by toxic exposure. The acidity of
the stomach discharge is mostly reliant on the pH value, hence an increase in hydrogen ion
concentration in gastric juice leads to gastric injury (Aboul Naser et al., 2020). These
observations were consistent with our findings, as evidenced by the observed decrease in
stomach acidity and lesion numbers. The considerable fall in pH in the ulcerated stomach may
be related to the imbalance between free radical production and scavenging ability (Repetto and
Llesuy, 2002). In recent years, researchers have focused on exploring new safe and effective
antiulcer medications or supplements from natural sources (Chatterjee and Bandyopadhyay,

2014; Chakraverty et al., 2016; Sharifi-Rad et al., 2018). Evidently, it was shown that the
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preventive effect of Anabasis articulata extract was successful in raising the pH level and

lowering the number of lesions and gastric acid discharges in rats with stomach ulcers.

An increasing amount of data points to a close relationship between elevated ROS levels and
ethanol-induced stomach mucosal damage (Chen ef al., 2021). Increased ROS provoke
oxidative injury, cell death, and epithelial damage (Nakamura and Takada, 2021). According to
Palle et al., (2018), ROS also decrease prostaglandin synthesis, which lowers mucus formation,

and histamine release, which increases stomach acid output.

The first line of defence against acid is gastric mucus, which clings to the epithelium's produced
bicarbonate to act as a barrier against self-digestion (Moraes et al., 2009). Mucus gel is made
up of 5% mucin glycoproteins and 95% water, which is released by surface epithelial cells by

apical ejection (Perez-Vilar and Hill, 2004).

The current investigation showed that the rat stomach's mucus content was considerably
reduced by 100% ethanol treatment. But in every group that received 200 mg/kg of DEAA, this
impact was substantially amplified. This implies that the potential of DEAA to raise the amount

of gastric mucus in the stomach may contribute to their gastroprotective action.

According to Zakaria et al.,(2016) and Kim et al.,(2020) claim that the increased mucus
secreted by the gastric mucosa cells can prevent the development of gastric ulcers by
functioning as an efficient barrier to the diffusion of back hydrogen ions, enhancing the gastric

juice's buffering capacity, and lowering friction in the stomach wall during peristalsis.

The analysis of stomach histology sections supported the macroscopic findings. Indeed, the
histological sections show that the delivery of 100% ethanol caused significant hemorrhagic
lesions. The histological alterations, which included significant disintegration of the surface
epithelium, necrotic lesions profoundly piercing into the mucosa, widespread submucosal layer
oedema, infiltration of inflammatory cells, and blood vessel congestion, corroborated these
findings. In all groups, the ethanol-induced stomach damage was successfully reversed by oral
administration of DEAA 200 mg/kg, resulting in a considerable decrease in the gastric ulcer
area when compared to the negative control. Furthermore, the previously stated stomach

histological alterations brought on by ethanol were lessened by DEAA 200 mg/kg.
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According to our histological findings and in agreement with Aboul Naser et al.,( 2020), ethanol
damages the mucosa of the stomach, disrupts the cellular membranes of the mucosa, and
damages the gastric microvessels, all of which lead to bleeding and necrosis. Furthermore, it
results in epithelial cell damage and severe submucosal edoema (Park et al., 2008). Previous
research by Orole, (2013) and Bawish et al., (2023) supporting the importance of plant extracts

rich in flavonoids, alkaloids, and steroids as antiulcer drugs in rats model supported our data.

These results indicate that our extract is regarded as a potent gastroprotective agent; the
observed gastroprotective effect may be attributed to the high phenolic and flavonoid content
of A. articulata. The gastroprotective action of flavonoids has been explained by a number of
mechanisms, including raising the prostaglandin content in mucosa and inhibiting histidine

decarboxylase to reduce mast cell histamine release (Juvekar et al., 2012; Dhiman et al., 2016).

Through the generation of more ROS and the depletion of cellular antioxidants, ethanol causes
oxidative stress. Because of damaging agents such superoxide anions, hydroxyl radicals, and
lipid peroxides, this ROS-driven process causes lipid peroxidation and protein oxidation, which

contributes to both acute and chronic ethanol-induced stomach ulcers (Wu, 2003; Sadek, 2022).

The production of oxygen free radicals is associated with stomach lesions caused by ethanol.
Furthermore, the processes of lesions also depend on the generation of inflammatory mediators
(Repetto and Llesuy, 2002). Furthermore, gastric mucosal lesions, bleeding, and necrotic tissue
damage are brought on by stomach blood flow stasis and microvascular disruption, which
aggregate and release substances that disturb tissues in a variety of tissues. Neutrophil

infiltration is essential to the processes of inflammation and injury (Tarnawski et al., 2012) .

Rostami-Motamed et al., (2015) claim that there is a connection between ethanol-induced
stomach tissue damage and oxygen free radical regeneration. Furthermore, the production of
inflammatory mediators plays a key part in the fundamental mechanisms behind these lesions.
Furthermore, abnormalities in the microvasculature and stomach blood flow result in bleeding
and necrotic tissue destruction (Rahman et al., 2020). Damage and inflammation are mostly
caused by the process of neutrophil infiltration, which is the aggregation and release of
substances that disrupt tissue inside a number of tissues, including the stomach mucosa (El

Badawy et al., 2021).
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Through the generation of more ROS and the depletion of cellular antioxidants, ethanol causes
oxidative stress. Mostly brought on by damaging substances including superoxide anions,
hydroxyl radicals, and lipid peroxides, this ROS-driven process causes lipid peroxidation and
protein oxidation, which contributes to both acute and chronic ethanol-induced stomach ulcers
(Wu, 2003). Scavenging free radicals is a key mechanism in gastric ulcer healing (Musa et al.,
2017). While stomach cells have a number of enzymatic and non-enzymatic antioxidants, such
as sulthydryl groups (NPSH), glutathione peroxidase (GPx), endogenous glutathione (GSH),
catalase (CAT), and superoxide dismutase (SOD), to scavenge ROS, excessive ROS generation
increases lipid peroxidation and depletes these antioxidant enzymes (Boligon ef al., 2014). As
the initial line of defence against ROS, the SOD transforms highly reactive Oz into less reactive
H>O2, protecting the stomach tissue from harm. We are aware that the stomach mucosal tissue
has a reduction in SOD expression. The most often utilised indication of oxidative stress in cell
and tissue damage is the MDA, a lipid peroxidation product (Ermis et al., 2023). A prior study
established that ethanol leads to an increase in neutrophil generation of superoxide anions and
hydroxyl radicals, which then combine with cellular lipids to generate lipid peroxides, which
are then further metabolised to form malondialdehyde (MDA) (Nur Azlina et al., 2015). Lipid
peroxidation is a crucial mechanism of cellular injury, and MDA is one of its end products.
Therefore, determining MDA levels can be used to assess lipid peroxidation (Grotto et al.,

2009).

As demonstrated in Table 8, concurrent treatment with L-arginine in this study mitigated the
effects of the combination of absolute ethanol with several pharmacological substances:
LNAME, glibenclamide, and indomethacin. These effects included an increase in MDA levels
and a decrease in SOD and CAT with surface epithelium lesions and submucosal inflammation.
On the other hand, all groups show a reduction in acute gastric mucosal lesions, a decrease in
SOD and CAT, and a rise in MDA levels with administration of DEAA 200mg/kg. These results
are consistent with those reported by (Gamal et al., 2022). The use of non-selective NOS
inhibitors, including L-NAME, worsened gastric mucosal damage and reduced stomach blood

flow (Nishio et al., 2000).

Recently, the involvement of KATP channels in several models of gastric protection was
described (Peskar et al., 2002; Medeiros et al., 2008). For this reason, it was determined that
this route is involved in the gastroprotective mechanism by applying the KATP channel blocker

Glibenclamide (Rios et al., 2010; Ribeiro et al., 2016).
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Studies have indicated that prostaglandin-mediated gastroprotection includes the opening of
ATP-sensitive potassium channels (KATP), which appears to be involved in various
physiological activities in the stomach, such as blood flow control, gastric acid production, and
stomach contractility (Klein-Junior et al., 2012; Janior et al., 2013). The gastroprotective effect
of DEAA 200mg/kg against ethanol-induced stomach injury was diminished when KATP
channels were inhibited with glibenclamide, indicating that KATP channels may play a role in

DEAA's gastroprotective mechanism.

NSAIDs, the principal medications of choice in the treatment of inflammatory illnesses such as
rheumatoid arthritis, are regarded a recognised cause of peptic ulcers in humans and animals
(Watanabe et al., 2020). Indomethacin-induced gastric lesions are mostly produced by the
enzyme cyclo-oxygenase (COX) inactivation, which lowers prostaglandin production
(Chatterjee et al., 2012). Prostaglandins are endogenous gastroprotective chemicals that also
play a role in the repair and protection of the gastric mucosa. They prevent the activation and
adhesion of neutrophils, regulate mucosal blood flow through bicarbonate and mucus
production, and protect epithelial cells against substances that might cause ulcers (Shahzad et
al., 2024). Rats were pretreated with indomethacin in order to confirm that PGs were involved
in the gastroprotective activity of Anabasis articulata; the outcome indicates that PGs are

involved in the process.

The ulceration brought on by the pretreatment with L-NAME, Glibenclamide, and
Indomethacin was significantly inhibited by the oral administration of DEAA 200 mg/kg,
indicating that the NO, KATP channel, and prostaglandin pathways are involved in the

protective mechanism provided by the Anabasis articulata decocted extract.
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Conclusion and perspective

This study marks the first investigation into the safety of an ethnopharmacological, analgesic
and anti-inflammatory in vivo and in vitro and in silico properties of extracts derived from the

flowers and leaves.

The present study demonstrated that A. articulata extracts are a rich source of phenolic
compounds, Finding showed that ChFA represents the highest amount of total polyphenols
and flavonoids, while n-Butanol fraction showed the highest amount of total tannins. In the

present study Seven metabolites found in the n-Butanol, ethyl acetate, and chloroform

fractions were identified qualitatively using LC-MS-MS: Anthrone, Beta carotene, Butylated
hydroxy anisole, Butylatedhydroxytoluene, Gallic acid, Myricetin and Rutin.

The findings from the inflammatory and analgesic investigations validate the traditional use of
A. articulata and the in silico study confirm these results. The acute toxicity study suggests
that the aqueous extract of the plant is safe up to a dose of 5 g/kg of mice body weight when

consumed orally as a single administration. DEAA can be considered a potential source of
natural compounds that can be incorporated into the human diet, alongside its potential

applications as antioxidant and anti-inflammatory agents.

This study offers significant insights into the acute oral toxicity profiles of DEAA and EEAA
which can greatly benefit any forthcoming in vivo and clinical investigations involving this

plant medicine.

The findings also highlight the potential of 4. articulata as a natural antioxidant, suggesting

its possible utility as functional food ingredients and in pharmaceutical applications.

In the case of DEAA-induced gastroprotective effect, both NO and the cyclooxygenase
pathways were implicated. Also, the adherent mucus normally covers the gastric mucosa and

acts as a protective physical barrier against noxious luminal agents.

We evaluated several oxidant-antioxidant parameters in the rat stomach tissues in order to
investigate the function of oxidative stress in our ulceration model. In line with the hypothesis
that oxidative stress plays a role in the pathophysiology of ethanol-induced gastric ulcers, the

experimental results demonstrated that ethanol significantly raised the MDA level. This
impact was followed by a reduction in CAT and SOD activity. On the other hand, the
pretreatment with DEAA significantly increased the levels of CAT and SOD and decreased
MDA production, showing their antioxidant activity. Their effect on gastroprotection may be

partially explained by this. 119



Conclusion and perspective

The limitations of many current medicines, such as cost and side effects, are prompting a shift
towards using natural substances for healing. The findings of this study highlight promising

health benefits for the Gastric ulcer.

After conducting a thorough assessment of the many biological activities linked to the chosen
medicinal plant, there are still a number of uncharted research directions that need to be

investigated:

T It is strongly advised to do a thorough analysis of the chemical components found in
the plant.
1 It is highly advised to carry out comprehensive cytotoxicity tests on a variety of cell
lines, with a special emphasis on cancer cell lines.
T It is crucial to investigate further the processes behind the plant's effects on stomach
emptying and its gastroprotective properties.
T An important next step is to identify and characterise the active molecules causing the
biological activities that have been seen.
T Utilising these plant elements' positive qualities for the food and pharmaceutical

sectors presents a promising opportunity.

120



References



References

Abdallaha, H.M., Abdel-Naimc, A.B., Ashourd, O.M., Shehataa, I.A., Abdel-Sattarb, E.A.,
2014. Anti-Inflammatory Activity of Selected Plants from Saudi Arabia. Zeitschrift fiir
Naturforschung C 69¢, 1-9. https://doi.org/10.5560/ZNC.2012-0168.

Abdel-Salam, O.M.E., Czimmer, J., Debreceni, A., Szolcsanyi, J., Mézsik, G., 2001. Gastric
mucosal integrity: gastric mucosal blood flow and microcirculation. An overview.
Journal of Physiology-Paris 95, 105-127.
https://doi.org/10.1016/S09284257(01)00015-8.

Abdulhusain, Z.H., Mahdi, M.A., Abdulsahib, W.K., Jasim, L.S., 2022. Anabasis articulata
exerts an anti-arthritic effect on adjuvant-induced arthritis in rats. J Adv Pharm Technol
Res. 13(4), 276-280.

Abdulla, M.A., Ahmed, K.A.-A., AL-Bayaty, F.H., Masood, Y., 2010. Gastroprotective effect
of Phyllanthus niruri leaf extract against ethanol-induced gastric mucosal injury in
rats. African Journal of Pharmacy and Pharmacology 4: 226-230.

Abdulsahib, W.K., 2022. The effect of Anabasis articulata stems extract on lowering

intraocular pressure in the glaucoma rat model. Iraqi Journal of Pharmaceutical
Sciences, 30, 1-8. https://doi.org/10.31351/vol30issSuppl.pp1-8.

Abdulsahib, W.K., Abd, A.H., Qasim, B.J., Sahib, H.B., 2016. Antiangiogenesis and
antioxidant effect of Anabasis articulata stems extracts. Int. J. Pharm. Sci. Rev. Res.
41(2), 88-94.

Aboul Naser, A., Younis, E., El-Feky, A., Elbatanony, M., Hamed, M., 2020. Management
of Citrus sinensis peels for protection and treatment against gastric ulcer induced by
ethanol in rats. Biomarkers 25(4), 349-359.
https://doi.org/10.1080/1354750X.2020.1759693.

Acha, E., Aikpe, J.F.A., Adoverlande, J., Assogba, M.F., Agossou, G., Sezan, A., Dansou,
H.P., Gbenou, J.D., 2019. Anti-inflammatory Properties of Melaleuca quinquenervia
(Cav.) ST Blake Myrtaceae (Niaouli) Leaves’ Essential Oil. Journal of Chemical and
Pharmaceutical Research 11(1), 36-50.

Adam Sakine, M.N., Mahmout, Y., Gbenou, J., Agbodjogbe, W., Moudachirou, M., 2011.

Effet antihyperglycémiant des extraits de Boscia senegalensis (Pers.) Lam. ex Poiret

et de Colocynthis  vulgaris (L.)  Schrad. Phytothérapie 9(5),
268-273. https://doi.org/10.1007/s10298-011-0650-5.

121



References

Adefisayo, M.A., Akomolafe, R.O., Akinsomisoye, O.S., Alabi, Q.K., Ogundipe, L., Omole,
J.G., Olamilosoye, K.P., 2018. Protective Effects of Methanol Extract of Vernonia
amygdalina (del.) Leaf on Aspirin-Induced Gastric Ulceration and Oxidative Mucosal
Damage in a Rat  Model of Gastric Injury. Dose-

Response  16(3). https://doi.org/10.1177/1559325818785087.

Adjabi, A., Sidi, H., Bounar, R., Naseri, H.R., 2019. Floristic Distribution According to the
Edaphic Parameters of a Steppe Zone, Case of Study: The Nature Reserve“ElMergueb”
M’sila, Algeria. Ekologia (Bratislava) 38(4), 336-352.
https://doi.org/10.2478/eko-2019-0025.

Aebi, H., 1974. Catalase, in: Methods of Enzymatic Analysis. Elsevier. 673—684.

Ahmad, S., Isab, A.A., Ali, S., Al-Arfaj, A.R., 2006. Perspectives in bioinorganic chemistry
of some metal based therapeutic agents. Polyhedron 25(7), 1633—1645.
https://doi.org/10.1016/j.poly.2005.11.004.

Akerreta, S., Cavero, R.Y., Calvo, M.I., 2007. First comprehensive contribution to medical
ethnobotany of Western Pyrenees. Journal of Ethnobiology Ethnomedicine 3(1), 26.
https://doi.org/10.1186/1746-4269-3-26.

Akopian, J.A., Ghukasyan, A.G., Shomurodov, H.F., Adilov, B.A., 2020. On some medicinal
plants of Chenopodiaceae family in the floras of Armenia and Uzbekistan. 34(1), 12—
17.

Al Amin, M., Chowdhury, I.A., Mahbub, K., Sattar, M., Shahriar, M., Kuddus, M.R.,
Rashid, M.A., 2012. Anti-inflammatory and Analgesic Activities of Asteracantha

longifolia  Nees. Bangladesh Pharmaceutical Journal 15(2), 171-
176. https://doi.org/10.3329/bpj.v15i2.12586.

Alalwan, T.A., Alkhuzai, J.A., Jameel, Z., Mandeel, Q.A., 2019. Quantitative Ethnobotanical
Study of some Medicinal Plants used by Herbalists in Bahrain. Journal of Herbal
Medicine 17, 100278. https://doi.org/10.1016/j.hermed.2019.100278.

Aldini, G., Altomare, A., Baron, G., Vistoli, G., Carini, M., Borsani, L., Sergio, F., 2018.
N-Acetylcysteine as an antioxidant and disulphide breaking agent: the reasons why.
Free Radical Research 52(7), 751-762.

https://doi.org/10.1080/10715762.2018.1468564.

Algandaby, M.M., 2015. Assessment of acute and subacute toxic effects of the Saudi folk herb
Retama raetam in rats. Journal of the Chinese Medical Association 78(12), 691-701.
https://doi.org/10.1016/j.jcma.2015.06.011.

122



References

Ali, A., Mir, G.J., Ayaz, A., Maqgbool, 1., Ahmad, S.B., Mushtaq, S., Khan, A., Mir, T.M.,

Rehman, M.U., 2023. In silico analysis and molecular docking studies of natural compounds

of Withania somnifera against bovine NLRP9. Journal of Molecular Modeling 29, 171.
https://doi.org/10.1007/s00894-023-05570-z.

Almasaudi, S.B., El-Shitany, N.A., Abbas, A.T., Abdel-dayem, U.A., Ali, S.S., Al Jaouni,
S.K., Harakeh, S., 2016. Antioxidant, Anti-inflammatory, and Antiulcer Potential of
Manuka Honey against Gastric Ulcer in Rats. Oxidative Medicine and Cellular
Longevity 2016, 1-10. https://doi.org/10.1155/2016/3643824.

Al-Onizi, A.D., A Abu-hasabu, B., Al-Hwaiti, D.N., Al-Ali, R.M., Al-Madani, N.M., El
Rabey, H.A., 2023. General Review on Opioids. Journal of Biomedical Research &
Environmental Sciences. 4(6), 1046—1056. https://doi.org/10.37871/jbres1767.

Al-Qura’n, A.S., 2009. Ethnopharmacological survey of wild medicinal plants in Showbak,
Jordan. Journal of Ethnopharmacology 123(A), 45-50.

https://doi.org/10.1016/j.jep.2009.02.031.

Amorati, R., Foti, M.C., Valgimigli, L., 2013. Antioxidant Activity of Essential Oils. Journal
of  Agricultural and Food Chemistry 61,  10835-10847.
https://doi.org/10.1021/jf403496k.

Annegowda, H.V., Gooi, T.S., Awang, S.H.H., Alias, N.A., Mordi, M.N., Ramanathan, S.,
Mansor, S.M., 2012. Evaluation of Analgesic and Antioxidant Potency of Various
Extracts of Cinnamomum iners Bark. International Journal of Pharmacology 8(3),

198-203. https://doi.org/10.3923/1jp.2012.198.203.

Aouachria, S., Boumerfeg, S., Benslama, A., Benbacha, F., Guemmez, T., Khennouf, S.,
Arrar, L., Baghiani, A., 2017. Acute, sub-acute toxicity and antioxidant activities (in
vitro and in vivo) of Reichardia picroide crude extract. Journal of Ethnopharmacology
208, 105—116. https://doi.org/10.1016/j.jep.2017.06.028.

Arnhold, J., 2020. Role of Reactive Species in Destructions, in: Cell and Tissue Destruction.
Elsevier. 23—54. https://doi.org/10.1016/B978-0-12-816388-7.00002-4.

Arulselvan, P., Fard, M.T., Tan, W.S., Gothai, S., Fakurazi, S., Norhaizan, M.E., Kumar,
S.S., 2016. Role of Antioxidants and Natural Products in Inflammation. Oxidative
Medicine and Cellular Longevity 2016, 1-15. https://doi.org/10.1155/2016/5276130.

Aryal, S., Baniya, M.K., Danekhu, K., Kunwar, P., Gurung, R., Koirala, N., 2019. Total
Phenolic Content, Flavonoid Content and Antioxidant Potential of Wild Vegetables
from Western Nepal. Plants 8(4), 96. https://doi.org/10.3390/plants8040096.

123



References

Ashafa, A., Grierson, D., Afolayan, A., 2010. /n vitro antioxidant activity of extracts from the
leaves of Felicia muricata Thunb. an underutilized medicinal plant in the Eastern Cape
Province, South Africa. African Journal of Traditional, Complementary and
Alternative Medicines 7(4). https://doi.org/10.4314/ajtcam.v7i4.56695.

Ashley, N.T., Weil, Z.M., Nelson, R.J., 2012. Inflammation: Mechanisms, Costs, and Natural
Variation. Annual Review of Ecology, Evolution, and Systematics. 43(1), 385—406.
https://doi.org/10.1146/annurev-ecolsys-040212-092530.

Aslani, M.R., Movassaghi, A.R., Mohri, M., Abbasian, A., Zarehpour, M., 2004. Clinical
and Pathological Aspects of Experimental Oleander (Nerium oleander) Toxicosis in

Sheep. Veterinary ~ Research Communications 28(7), 609-616.
https://doi.org/10.1023/B:VERC.0000042870.30142.56.

Ayala, A., Muiioz, M.F., Argiielles, S., 2014. Lipid Peroxidation: Production, Metabolism, and
Signaling Mechanisms of Malondialdehyde and 4-Hydroxy-2-Nonenal. Oxidative
Medicine and Cellular Longevity 2014, 1-31. https://doi.org/10.1155/2014/360438.

Aziz, R.S., Siddiqua, A., Shahzad, M., Shabbir, A., Naseem, N., 2019. Oxyresveratrol
ameliorates ethanol-induced gastric ulcer via downregulation of IL-6, TNF-o, NF-kB,
and COX-2 levels, and upregulation of TFF-2 levels. Biomedicine & Pharmacotherapy
110, 554-560. https://doi.org/10.1016/j.biopha.2018.12.002.

Bahorun, T., Gressier, B., Trotin, F., Brunet, C., Dine, T., Luyckx, M., Vasseur, J., Cazin,
M., Cazin, J., Pinkas, M., 1996. Oxygen species scavenging activity of phenolic
extracts from hawthorn fresh plant organs and pharmaceutical preparations.
Arzneimittel-forschung, 46(11), 1086—1089.

Banerjee, E.R., 2014. Perspectives in inflammation biology. Springer. 14870.
https://doi.org/10.1007/978-81-322-1578-3.

Basu, P., Maier, C., 2016. /n vitro antioxidant activities and polyphenol contents of seven
commercially available fruits. Pharmacognosy Research 8(4),
258. https://doi.org/10.4103/0974-8490.188875.

Bawish, B.M., Rabab, M.A., Gohari, S.T., Khattab, M.S., AbdElkader, N.A., Elsharkawy,
S.H., Ageez, A.M., Zaki, M.M., Kamel, S., Ismail, E.M., 2023. Promising effect of
Geranium robertianum L. leaves and Aloe vera gel powder on Aspirin®-induced
gastric ulcers in Wistar rats: anxiolytic behavioural effect, antioxidant activity, and
protective pathways. Inflammopharmacol 31(6), 3183-3201.
https://doi.org/10.1007/s10787-023-01205-0.

124



References

Beiranvand, M., 2022. A review of the most common in vivo models of stomach ulcers and
natural and synthetic anti-ulcer compounds: A comparative systematic study.
Phytomedicine Plus 2(2), 100264. https://doi.org/10.1016/j.phyplu.2022.100264.

Belambri, S.A., Rolas, L., Raad, H., Hurtado-Nedelec, M., Dang, P.M., El-Benna, J., 2018.
NADPH oxidase activation in neutrophils: Role of the phosphorylation of its subunits.
European  Journal of Clinical Investigation 48(S2),

e12951. https://doi.org/10.1111/eci.12951.

Belyagoubi-Benhammou, N., Belyagoubi, L., Bekkara, F.A., 2014. Phenolic contents and
antioxidant activities in vitro of some selected Algerian plants. Journal of Medicinal
Plants Research 8(40), 1198—1207. https://doi.org/10.5897/JMPR2014.5554.

Belyagoubi-Benhammou, N., Belyagoubi, L., Gismondi, A., Di Marco, G., Canini, A., Atik
Bekkara, F., 2019. GC/MS analysis, and antioxidant and antimicrobial activities of

alkaloids extracted by polar and apolar solvents from the stems of Anabasis articulata.
Medicinal Chemistry Research. 28, 754-767. https://doi.org/10.1007/s00044-
01902332-6.

Ben Amor, S., Mekious, S., Allal Benfekih, L., Abdellattif, M.H., Boussebaa, W., Almalki,
F.A., Ben Hadda, T., Kawsar, S.ML.A., 2022. Phytochemical Characterization and

Bioactivity of Different Honey Samples Collected in the Pre-Saharan Region in
Algeria. Life 12(7), 927. https://doi.org/10.3390/1ife12070927

Ben Khedir, S., Mzid, M., Bardaa, S., Moalla, D., Sahnoun, Z., Rebai, T., 2016. /n vivo
evaluation of the anti-inflammatory effect of Pistacia lentiscus fruit oil and its effects
on oxidative stress. Evidence-Based Complementary and Alternative Medicine 2016,
1-12. https://doi.org/10.1155/2016/6108203.

Ben Menni, D., Belyagoubi-Benhammou, N., Benmahieddine, A., Ben Menni, H.,
Gismondi, A., Monteleone, V., Di Marco, G., D’Agostino, A., Canini, A., Benamar,
H., Atik-Bekkara, F., 2022. Identification of Sterols from Anabasis articulata
(Forssk.) Moq. (Chenopodiaceae) Growing in Algeria and Study of Their Potential
Bioactivity. Waste and  Biomass Valorization 13,  3283-3295.

https://doi.org/10.1007/s12649-022-01717-w.

Benarba, B., Belabid, L., Righi, K., Bekkar, A. amine, Elouissi, M., Khaldi, A., Hamimed,
A., 2015. Ethnobotanical study of medicinal plants used by traditional healers in
Mascara (North West of Algeria). Journal of Ethnopharmacology 175, 626—637.
https://doi.org/10.1016/j.jep.2015.09.030.

Benderradji, L., Rebbas, K., Ghadbane, M., Bounar, R., Brini, F., Bouzerzour, H., 2014.

Ethnobotanical study of medicinal plants in Djebel Messaad region (M’sila, Algeria)
3(12), 15.

125



References

Benhammou, N., Bekkara, F.A., Panovska, T.K., 2009. Antioxidant activity of methanolic
extracts and some bioactive compounds of Atriplex halimus. Comptes Rendus Chimie,
12(12), 1259-1266.

Benhammou, N., Ghambaza, N., Benabdelkader, S., Atik-Bekkara, F., Panovska, F.K.,
2013. Phytochemicals and antioxidant properties of extracts from the root and stems
of Anabasis articulata. International Food Research Journal, 20(5), 2057-2063.

Benitez, G., Gonzalez-Tejero, M.R., Molero-Mesa, J., 2010. Pharmaceutical ethnobotany in
the western part of Granada province (southern Spain): Ethnopharmacological
synthesis.  Journal of Ethnopharmacology 129(1), 87-105.
https://doi.org/10.1016/j.jep.2010.02.016.

Benyahlou, Z.D., Baara, F.T., Yahiaoui, S., Megrouss, Y., Boukabcha, N., Djafri, A.,
Chouaih, A., Hatzidimitriou, A., 2023. Synthesis, crystal structure, Hirshfeld surface,
energy framework, NCI-RDG, theoretical calculations and molecular docking of
(Z2)4,4'-bis[-3-N-ethyl-2-N’-(phenylimino) thiazolidin-4-one] methane. Journal of
Molecular Structure 1277, 134781. https://doi.org/10.1016/j.molstruc.2022.134781.

Berrani, A., Marmouzi, I., Kharbach, M., Bouyahya, A., El Hamdani, M., El Jemli, M.,
Lrhorfi, A., Benassaoui, H., Zouarhi, M., My Larbi, O., El Abbes Faouzi, M.,
Bengueddour, R., 2019. Anabasis aretioides Coss. & Moq. phenolic compounds
exhibit in vitro hypoglycemic, antioxidant and antipathogenic properties. Journal of

Basic and  Clinical Physiology and  Pharmacology, 30(2),
251-257. https://doi.org/10.1515/jbcpp-2018-0154.

Bhat, S.P., Rizvi, W., Kumar, A., 2014. Dose-dependent effect of Coriandrum sativum Linn.
seeds on thermal pain stimulus. The Journal of Phytopharmacology 3(4), 254-258.

https://doi.org/10.31254/phyto.2014.3406.

BiCek, A.G., IRtem Kartal, D., Ozgikge, F., Ozaktas, T., 2023. Comparison of Antioxidant
Activity, Metal Chelating Power and Antibacterial Activity in Different Tissues of
Alcea calvertii (Boiss.) Boiss. Bitlis Eren Universitesi Fen Bilimleri Dergisi 12(4),
1160-1170. https://doi.org/10.17798/bitlisfen.1349138.

Birben, E., Sahiner, U.M., Sackesen, C., Erzurum, S., Kalayci, O., 2012. Oxidative Stress
and Antioxidant Defense. World Allergy Organization Journal 5(1), 9—19.
https://doi.org/10.1097/WOX.0b013e3182439613.

Bitziou, E., Patel, B.A., 2012. Simultaneous detection of gastric acid and histamine release to
unravel the regulation of acid secretion from the guinea pig stomach. American Journal
of  Physiology-Gastrointestinal and  Liver Physiology 303(3), G396-G403.

https://doi.org/10.1152/ajpgi.00548.2011.
126



References

Blois, M.S., 1958. Antioxidant determinations by the use of a stable free radical. Nature
181(4617), 1199-1200.

Boligon, A.A., De Freitas, R.B., De Brum, T.F., Waczuk, E.P., Klimaczewski, C.V., De
Avila, D.S., Athayde, M.L., De Freitas Bauermann, L., 2014. Antiulcerogenic

activity of Scutia buxifolia on gastric ulcers induced by ethanol in rats. Acta
Pharmaceutica Sinica B 4(5), 358-367. https://doi.org/10.1016/j.apsb.2014.05.001.

Bost, J., Maroon, A., Maroon, J., 2010. Natural anti-inflammatory agents for pain relief.
Surgical Neurology International 1(1), 80. https://doi.org/10.4103/2152-7806.73804.

Bouafia, M., Amamou, F., Gherib, M., Benaissa, M., Azzi, R., Nemmiche, S., 2021.
Ethnobotanical and ethnomedicinal analysis of wild medicinal plants traditionally used
in Naama, southwest Algeria. Vegetos 34, 654—662.
https://doi.org/10.1007/s42535021-00229-7.

Bouarioua, N., Merrouche, M., Pospai, D., Mignon, M., 2007. Physiopathologic de la
maladie ulcéreuse gastroduodénale a 1’¢re d’Helicobacter pylori. EMC -
Gastroentérologie 2(4), 1-12. https://doi.org/10.1016/S1155-1968(07)46465-3.

Bouasla, A., Bouasla, 1., 2017. Ethnobotanical survey of medicinal plants in northeastern of
Algeria. Phytomedicine 36, 68—81. https://doi.org/10.1016/j.phymed.2017.09.007.

Bouaziz, A., Bentahar, A., Djidel, S., Dahamna, S., Khennouf, S., 2020a. /» vitro antioxidant
activity and gastroprotective effect of ethanolic extract from Cucumis melo L. var.

inodorus fruit on ethanol-induced gastric ulcer in rats. Journal of Drug Delivery and
Therapeutics 10, 302-307. https://doi.org/10.22270/jddt.v1015-5.4529.

Bouaziz, A., Djidel, S., Bentaher, A., Khennouf, S., 2020b. Polyphenolic content, Antioxidant
and Anti-inflammatory activities of Melon (Cucumis melo L. var. inodorus) Seeds.
Journal of Drug Delivery and Therapeutics, 10(2-s), 22-26.

Bouaziz, A., khennouf, S., zarga, M.A., Abdalla, S., Baghiani, A., Charef, N., 2015.
Phytochemical analysis, hypotensive effect and antioxidant properties of Myrtus
communis L. growing in Algeria. Asian Pacific Journal of Tropical Biomedicine. 5(1),
19-28. https://doi.org/10.1016/S2221-1691(15)30165-9.

Bouaziz, M., Dhouib, A., Loukil, S., Boukhris, M., Sayadi, S., 2009. Polyphenols content,
antioxidant and antimicrobial activities of extracts of some wild plants collected from
the south of Tunisia. African Journal of Biotechnology. 8(24), 7017-7027.

Boudjadja, A., Hadj Kaddour, B., Pauc, H., 2010. Valorisation des eaux de surface de la
réserve de Mergueb (M’sila, Algérie) au profit de la faune sauvage protégée dont la

127



References

gazelle de Cuvier, espéce emblématique de la région. Revue d’écologie 65(3), 243—
253.

Boudjelal, A., Henchiri, C., Sari, M., Sarri, D., Hendel, N., Benkhaled, A., Ruberto, G.,
2013. Herbalists and wild medicinal plants in M’Sila (North Algeria): An
ethnopharmacology survey. Journal of Ethnopharmacology 148(2), 395-402.
https://doi.org/10.1016/j.jep.2013.03.082.

Boughrara, B., Belgacem, L., 2016. Ethnobotanical study close to the population of the
extreme north east of Algeria: The municipalities of El Kala National Park (EKNP).
Industrial Crops and Products 88, 2—7. https://doi.org/10.1016/j.indcrop.2016.03.009.

Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
biochemistry 72, 248-254.

Burley, S.K., Berman, H.M., Kleywegt, G.J., Markley, J.L., Nakamura, H., Velankar, S.,
2017. Protein Data Bank (PDB): The Single Global Macromolecular Structure
Archive, in: Wlodawer, A., Dauter, Z., Jaskolski, M. (Eds.), Protein Crystallography,
Methods in Molecular Biology. Springer New York, New York, NY. 627-641.
https://doi.org/10.1007/978-1-4939-7000-1_26.

Cadet, J., Douki, T., Ravanat, J., 2015. Oxidatively Generated Damage to Cellular DNA by
UVB and UVA Radiation. Photochem & Photobiology 91(1), 140—155.
https://doi.org/10.1111/php.12368.

Calixto, J.B., Beirith, A., Ferreira, J., Santos, A.R.S., Filho, C., Yunes, R.A., 2000. Naturally
occurring antinociceptive substances from plants. Phytotherapy Research: An
International Journal Devoted to Pharmacological and Toxicological Evaluation of
Natural Product Derivatives. 14(6), 401-418.

Cardoso-Lopes, E.M., Maier, J.A., Silva, M.R.D., Regasini, L.O., Simote, S.Y., Lopes, N.P.,
Pirani, J.R., Bolzani, V.D.S., Young, M.C.M., 2010. Alkaloids from Stems of
Esenbeckia leiocarpa Engl. (Rutaceae) as Potential Treatment for Alzheimer Disease.
Molecules 15(12), 9205-9213. https://doi.org/10.3390/molecules15129205.

Carocho, M., Ferreira, I.C.F.R., 2013. A review on antioxidants, prooxidants and related
controversy: Natural and synthetic compounds, screening and analysis methodologies
and future perspectives. Food and  Chemical Toxicology 51, 15—
25. https://doi.org/10.1016/j.fct.2012.09.021.

Carr, A.C., McCall, M.R., Frei, B., 2000. Oxidation of LDL by Myeloperoxidase and Reactive

128



References

Nitrogen Species: Reaction Pathways and Antioxidant Protection. Arteriosclerosis,
Thrombosis, and  Vascular Biology 20(7), 1716-1723.
https://doi.org/10.1161/01.ATV.20.7.1716.

Cartea, MLE., Francisco, M., Soengas, P., Velasco, P., 2010. Phenolic Compounds in Brassica
Vegetables. Molecules 16(1), 251-280. https://doi.org/10.3390/molecules16010251.

Castellano, G., Gonzalez-Santander, J.L., Lara, A., Torrens, F., 2013. Classification of
flavonoid compounds by using entropy of information theory. Phytochemistry 93,
182—-191. https://doi.org/10.1016/j.phytochem.2013.03.024.

Catala, A., 2013. Five Decades with Polyunsaturated Fatty Acids: Chemical Synthesis,
Enzymatic Formation, Lipid Peroxidation and Its Biological Effects. Journal of Lipids
2013, 1-19. https://doi.org/10.1155/2013/710290.

Cénas, N., Nemeikaité-Céniené, A., Kosychova, L., 2021. Single- and Two-Electron
Reduction of Nitroaromatic Compounds by Flavoenzymes: Mechanisms and
Implications for Cytotoxicity. International Journal of Molecular Sciences 22(16),
8534. https://doi.org/10.3390/1jms22168534.

Centanni, D., Henricks, P.A.J., Engels, F., 2023. The therapeutic potential of resolvins in
pulmonary diseases. European Journal of Pharmacology
958, 176047. https://doi.org/10.1016/j.ejphar.2023.176047.

Chaachouay, N., Benkhnigue, O., Fadli, M., El Ibaoui, H., Zidane, L., 2019. Ethnobotanical
and ethnopharmacological studies of medicinal and aromatic plants used in the

treatment of metabolic diseases in the Moroccan Rif. Heliyon 5(10), e02191.
https://doi.org/10.1016/j.heliyon.2019.02191.

Chakraverty, R., Debnath, T., Saha, N., Ghosh, A., Pati, A., 2016. Evaluation of the safety
and anti-ulcerative potential of a polyherbal ayurvedic formulation (ASCO1): an
exploratory study. Indo American Journal of Pharmaceutical Research. 6(3).

Chatterjee, A., Bandyopadhyay, S.K., 2014. Herbal Remedy: An Alternate Therapy of
Nonsteroidal Anti-Inflammatory Drug Induced Gastric Ulcer Healing. Ulcers 2014, 1—

13. https://doi.org/10.1155/2014/361586.

Chatterjee, A., Chatterjee, S., Das, S., Saha, A., Chattopadhyay, S., Bandyopadhyay, S.K.,
2012. Ellagic acid facilitates indomethacin-induced gastric ulcer healing via COX;
upregulation. Acta Biochim Biophys Sin  44(7), 565-576.
https://doi.org/10.1093/abbs/gms034.

129



References

Chaudhary, P., Janmeda, P., Docea, A.O., Yeskaliyeva, B., Abdull Razis, A.F., Modu, B.,
Calina, D., Sharifi-Rad, J., 2023. Oxidative stress, free radicals and antioxidants:
potential crosstalk in the pathophysiology of human diseases. Frontiers in Chemistry
11, 1158198. https://doi.org/10.3389/fchem.2023.1158198.

Chaudhary, P.K., Kim, Sanggu, Kim, Soochong, 2022. An Insight into Recent Advances on
Platelet Function in Health and Disease. International Journal of Molecular Sciences
23(11), 6022. https://doi.org/10.3390/ijms23116022.

Chen, L., Deng, H., Cui, H., Fang, J., Zuo, Z., Deng, J., Li, Y., Wang, X., Zhao, L., 2018.
Inflammatory responses and inflammation-associated diseases in organs. Oncotarget
9(6), 7204—7218. https://doi.org/10.18632/oncotarget.23208.

Chen, X., Zhao, Y., Liu, K., Li, Z., Tan, X., Wang, Yulong, Gao, N., Liu, C., Fang, X., Wang,
Yanlong, 2021. Lycopene Aggravates Acute Gastric Injury Induced by Ethanol.
Frontiers in Nutrition 8, 697879. https://doi.org/10.3389/fhut.2021.697879.

Chen, Y., Sun, X., Fan, W., Yu, J., Wang, P., Liu, D., Song, M., Liu, S., Zuo, X., Zhang, R.,
Hou, Y., Han, S., Li, Y., Zhang, J., Li, X., Ke, M., Fang, X., 2023. Differences in
Dietary and Lifestyle Triggers between Non-Erosive Reflux Disease and Reflux
Esophagitis A Multicenter Cross-Sectional Survey in China. Nutrients 15(15), 3400.
https://doi.org/10.3390/nu15153400.

Chi, Y., Liu, X., Chai, J., 2021. A narrative review of changes in microvascular permeability
after burn. Annals of Translational Medicine 9(8), 719-719.
https://doi.org/10.21037/atm-21-1267.

Choe, E., Min, D.B., 2009. Mechanisms of Antioxidants in the Oxidation of Foods.
Comprehensive Reviews in Food Science and Food Safety 8(4), 345-358.
https://doi.org/10.1111/5.1541-4337.2009.00085 .x.

Chopra, 1.C., 1956. Glossary of Indian medicinal plants. Council of Scientific & Industrial

Research.

Chu, W.-L., Lim, Y.-W., Radhakrishnan, A.K., Lim, P.-E., 2010. Protective effect of aqueous
extract from Spirulina platensis against cell death induced by free radicals. BMC
Complementary and Alternative Medicine 10(1), 53.
https://doi.org/10.1186/14726882-10-53.

Chung, Y.-C., Chen, S.-J., Hsu, C.-K., Chang, C.-T., Chou, S.-T., 2005. Studies on the
antioxidative activity of Graptopetalum paraguayense E. Walther. Food Chemistry
91(3), 419-424. https://doi.org/10.1016/j.foodchem.2004.06.022.

130



References

Clemants, S.E., 1992. Chenopodiaceae and Amaranthaceae of New York State, Bulletin.
University of the State of New York, State Education Dept, Albany, N.Y.
https://doi.org/10.5962/bhl. title.140126.

Collin, F., 2019. Chemical Basis of Reactive Oxygen Species Reactivity and Involvement in
Neurodegenerative Diseases. International Journal of Molecular Sciences 20(10),
2407. https://doi.org/10.3390/ijms20102407.

Corne, S.J., 1974. A method for the quantitive estimation of gastric barrier mucus. The Journal
of Physiology 242, 116-117.

Coutinho, A.E., Chapman, K.E., 2011. The anti-inflammatory and immunosuppressive effects

of glucocorticoids, recent developments and mechanistic insights. Molecular and
Cellular Endocrinology 335(1), 2—13. https://doi.org/10.1016/j.mce.2010.04.005.

Craven, C.J., 2016. A hypothesis of couplet molecules and couplet cells in gastric function
and an association with Helicobacter pylori. BMC Gastroenterol 16(1), 16.
https://doi.org/10.1186/s12876-016-0429-0.

Crespi, S., Fagnoni, M., 2020. Generation of Alkyl Radicals: From the Tyranny of Tin to the
Photon Democracy. Chemical Reviews 120(17), 9790-9833.

https://doi.org/10.1021/acs.chemrev.0c00278.

Czekaj, R., Majka, J., Magierowska, K., Sliwowski, Z., Magierowski, M., Pajdo, R.,
PtakBelowska, A., Surmiak, M., Kwiecien, S., Brzozowski, T., 2018. Mechanisms
of curcumin-induced gastroprotection against ethanol-induced gastric mucosal lesions.
Journal of Gastroenterology 53(5), 618-630. https://doi.org/10.1007/s00535-
0171385-3.

Dabrowska, N., Wiczkowski, A., 2017. Analytics of oxidative stress markers in the early
diagnosis of oxygen DNA damage. Advances in Clinical and Experimental Medicine
26(1), 155-166. https://doi.org/10.17219/acem/43272.

Dai, X., Ding, M., Zhang, W., Xuan, Z., Liang, J., Yang, D., Zhang, Q., Su, B., Zhu, H.,
Jia, X., 2019. Anti-Inflammatory Effects of Different Elution Fractions of Er-MiaoSan
on Acute Inflammation Induced by Carrageenan in Rat Paw Tissue. Medical Science
Monitor 25, 7958-7965. https://doi.org/10.12659/MSM.916977.

De Jesus, N.Z.T., Falcao, H.D.S., Gomes, LF., Leite, T.J.D.A., Lima, G.R.D.M.,
BarbosaFilho, J.M., Tavares, J.F., Silva, M.S.D., Athayde-Filho, P.F.D., Batista,
L.M., 2012. Tannins, Peptic Ulcers and Related Mechanisms. International Journal of
Molecular Sciences 13(3), 3203-3228. https://doi.org/10.3390/ijms13033203.

131



References

De La Guardia, M., Armenta, S., 2011. Greening Sample Treatments, in: Comprehensive
Analytical Chemistry. Elsevier 87—120. https://doi.org/10.1016/B978-0-444-53709-

6.00005-7.

De Lavor, E.M., Fernandes, A.W.C., de Andrade Teles, R.B., Leal, A.E.B.P., de Oliveira
Junior, R.G., Gama e Silva, M., de Oliveira, A.P., Silva, J.C., de Moura Fontes
Araujo, M. T., Coutinho, H.D.M., de Menezes, I.R.A., Picot, L., da Silva Almeida,
J.R.G., 2018. Essential Oils and Their Major Compounds in the Treatment of Chronic
Inflammation: A Review of Antioxidant Potential in Preclinical Studies and Molecular
Mechanisms. Oxidative Medicine and Cellular Longevity 2018, 1-23.
https://doi.org/10.1155/2018/6468593.

De Lira Mota, K.S., Dias, G.E.N., Pinto, M.E.F., Luiz-Ferreira, A., Monteiro Souza-Brito,
A.R., Hiruma-Lima, C.A., Barbosa-Filho, J.M., Batista, L.M., 2009. Flavonoids
with Gastroprotective Activity. Molecules 14(3), 979-1012.
https://doi.org/10.3390/molecules14030979.

De Lucena, D.D., Rangel, E.B., 2018. Glucocorticoids use in kidney transplant setting. Expert
Opinion on Drug Metabolism & Toxicology  14(10),

1023—-1041. https://doi.org/10.1080/17425255.2018.1530214.

De, P., Sarkar, S., Mukhophadhyay, M.J., 2017. Anti protein denaturation activity and
bioactive compound screening of Piper betel aqueous and alcoholic leaf extract.
Journal of Pharmacognosy and Phytochemistry. 6(2), 52-55.

Decker, E.A., Welch, B., 1990. Role of ferritin as a lipid oxidation catalyst in muscle food.
Journal of Agricultural and  Food Chemistry  38(3), 674-677.
https://doi.org/10.1021/;f00093a019.

Dehghanian, Z., Habibi, K., Dehghanian, M., Aliyar, S., Asgari Lajayer, B., Astatkie, T.,
Minkina, T., Keswani, C., 2022. Reinforcing the bulwark: unravelling the efficient

applications of plant phenolics and tannins against environmental stresses. Heliyon
8(3), €09094. https://doi.org/10.1016/j.heliyon.2022.e09094.

Dehimi, K., Djoudi, Z., Boulaouad, A., Maadadi, A.R., Khennouf, S., 2020. A Contribution
to the Valorization of Two Medicinal Plants: Atriplex Halimus Sub. Sp. Schweinfurthii
and Bunium Incrassatum, Growing in the Region of M’sila (North-East Algeria).
Indian Journal of Novel Drug Delivery. 12(4), 208-216.

DemiRci, S., Ozhatay, N., 2012. An ethnobotanical study in Kahramanmaras (Turkey); wild
plants used for medicinal purpose in Andirin, Kahramanmaras. Turkish Journal of
Pharmaceutical Sciences 9(1), 75-92.

132



References

Deshmukh, A.S., Morankar, P.G., Kumbhare, M.R., 2014. Review on Analgesic Activity
and Determination Methods 3(1).

Dhanani, T., Shah, S., Gajbhiye, N.A., Kumar, S., 2017. Effect of extraction methods on
yield, phytochemical constituents and antioxidant activity of Withania somnifera.

Arabian Journal of Chemistry, 10, S1193-S1199.
https://doi.org/10.1016/j.arabjc.2013.02.015.

Dhiman, A., Nanda, A., Ahmad, S., 2016. A quest for staunch effects of flavonoids: Utopian
protection against hepatic ailments. Arabian Journal of Chemistry 9, S1813—-S1823.

https://doi.org/10.1016/j.arabjc.2012.05.001.

Didier, A.J., Stiene, J., Fang, L., Watkins, D., Dworkin, L.D., Creeden, J.F., 2023.
Antioxidant and Anti-Tumor Effects of Dietary Vitamins A, C, and E. Antioxidants
12(3), 632. https://doi.org/10.3390/antiox 12030632.

Djenidi, H., Khennouf, S., Bouaziz, A., 2020. Antioxidant activity and phenolic content of
commonly consumed fruits and vegetables in Algeria. Progress in Nutrition 22(1),
224-235. https://doi.org/10.23751/pn.v22i1.7701.

Djeridane, A., Hamdi, A., Bensania, W., Cheifa, K., Lakhdari, L., Yousfi, M., 2015. The in
vitro evaluation of antioxidative activity, o-glucosidase and a-amylase enzyme
inhibitory of natural phenolic extracts. Diabetes & Metabolic Syndrome: Clinical
Research & Reviews, 9(4), 324-331. https://doi.org/10.1016/5.dsx.2013.10.007.

Djeridane, A., Hamdi, A., Bensania, W., Cheifa, K., Lakhdari, L., Yousfi, M., 2015. The in
vitro evaluation of antioxidative activity, o-glucosidase and a-amylase enzyme
inhibitory of natural phenolic extracts. Diabetes & Metabolic Syndrome: Clinical
Research & Reviews, 9(4), 324-331. https://doi.org/10.1016/5.dsx.2013.10.007.

Dnyandev, K.M., Babasaheb, G.V., Chandrashekhar, K.V., Chandrakant, M.A., Vasant,
0.K., 2021. A Review on Molecular Docking. International Research Journal of Pure
and Applied Chemistry 22(3), 60—68. https://doi.org/10.9734/irjpac/2021/v221330396

Dominguez, R., Pateiro, M., Munekata, P.E.S., Zhang, W., Garcia-Oliveira, P., Carpena,
M., Prieto, M.A., Bohrer, B., Lorenzo, J.M., 2021. Protein Oxidation in Muscle

Foods: A Comprehensive Review. Antioxidants 11(1), 60.
https://doi.org/10.3390/antiox11010060.

Dorward, D.A., Lucas, C.D., Rossi, A.G., Haslett, C., Dhaliwal, K., 2012. Imaging
inflammation: Molecular strategies to visualize key components of the inflammatory
cascade, from initiation to resolution. Pharmacology & Therapeutics 135, 182—199.
https://doi.org/10.1016/j.pharmthera.2012.05.006.

133



References

Dostert, C., Pétrilli, V., Van Bruggen, R., Steele, C., Mossman, B.T., Tschopp, J., 2008.
Innate Immune Activation Through Nalp3 Inflammasome Sensing of Asbestos and
Silica. Science 320(5876), 674—677. https://doi.org/10.1126/science.1156995.

Dou, W., Jiao, Y., Goorha, S., Raghow, R., Ballou, L.R., 2004. Nociception and the
differential expression of cyclooxygenase-1 (COX-1), the COX-1 variant retaining
intron-1 (COX-1v), and COX-2 in mouse dorsal root ganglia (DRG). Prostaglandins

&  Other Lipid Mediators 74,  29-43.
https://doi.org/10.1016/j.prostaglandins.2004.06.001.

Draper, H.H., Hadley, M., 1990. Malondialdehyde determination as index of lipid
Peroxidation, in: Methods in Enzymology. Elsevier. 421-
431. https://doi.org/10.1016/0076-6879(90)86135-1.

Drina, M., 2017. Peptic ulcer disease and non-steroidal anti-inflammatory drugs. Australian
Prescriber 40(3), 91-93. https://doi.org/10.18773/austprescr.2017.037.

Dudonné, S., Vitrac, X., Coutiére, P., Woillez, M., Mérillon, J.-M., 2009. Comparative study
of antioxidant properties and total phenolic content of 30 plant extracts of industrial
interest using DPPH, ABTS, FRAP, SOD, and ORAC assays. Journal of Agricultural
and Food Chemistry 57(5), 1768—1774. https://doi.org/10.1021/jf803011r.

Dulcetti Junior, O., Andreucci, V.C., Cunha, I.B. da S., Araujo, C.E.P., de Oliveira, F.,
Marcucci, M.C., 2004. Investigation of the anti-inflammatory and analgesic activities
of a sample of Brazilian propolis. acta farmacéutica bonaerense, 23(3), 285-291.

Eddouks, M., Ajebli, M., Hebi, M., 2017. Ethnopharmacological survey of medicinal plants
used in Daraa-Tafilalet region (Province of Errachidia), Morocco. Journal of
Ethnopharmacology 198, 516-530. https://doi.org/10.1016/j.jep.2016.12.017.

El Badawy, S.A., Ogaly, H.A., Abd-Elsalam, R.M., Azouz, A.A., 2021. Benzyl
isothiocyanates modulate inflammation, oxidative stress, and apoptosis via Nrf2/HO1

and NF-«kB signaling pathways on indomethacin-induced gastric injury in rats. Food
& Function 12(13), 6001-6013. https://doi.org/10.1039/D1FO00645B.

El Geziry, A., Toble, Y., Al Kadhi, F., Pervaiz And Mohammad Al Nobani, M., 2018.
NonPharmacological Pain Management, in: A. Shallik, N. (Ed.), Pain Management in
Special Circumstances. IntechOpen. https://doi.org/10.5772/intechopen.79689.

El-Bahr, S.M., 2013. Biochemistry of Free Radicals and Oxidative Stress. Science
International 1(5), 111-117. https://doi.org/10.5567/sciintl.2013.111.117.

134



References

Eming, S.A., Martin, P., Tomic-Canic, M., 2014. Wound repair and regeneration:
Mechanisms, signaling, and translation. Science Translational Medicine 6.
https://doi.org/10.1126/scitranslmed.3009337.

Ermis, A., Aritici Colak, G., Acikel-Elmas, M., Arbak, S., Kolgazi, M., 2023. Ferulic Acid
Treats Gastric Ulcer via Suppressing Oxidative Stress and Inflammation. Life 13, 388.
https://doi.org/10.3390/1ife13020388.

Eryilmaz, M., Palabiyik, 1., 2013. Hypochlorous Acid - Analytical Methods and Antimicrobial
Activity. Tropical Journal of Pharmaceutical Research
12(1), 123-126. https://doi.org/10.4314/tjpr.v12i1.20.

Escobedo-Hinojosa, W.I., Gomez-Chang, E., Garcia-Martinez, K., Guerrero Alquicira,

R., Cardoso-Taketa, A., Romero, 1., 2018. Gastroprotective Mechanism and Ulcer
Resolution Effect of Cyrtocarpa procera Methanolic Extract on Ethanol-Induced
Gastric Injury. Evidence-Based Complementary and Alternative Medicine 2018, 1-12.

https://doi.org/10.1155/2018/2862706.

Estévez, M., Diaz-Velasco, S., Martinez, R., 2022. Protein carbonylation in food and nutrition:
a concise update. Amino Acids 54, 559-573. https://doi.org/10.1007/s00726-

02103085-6.

Ezeja, M., Omeh, Y., Ezeigbo, 1., 2011. Evaluation of the Analgesic Activity of the Methanolic
Stem Bark Extract of Dialium Guineense (Wild). Annals of Medical and Health
Sciences Research 1.

Fakchich, J., Elachouri, M., 2014. Ethnobotanical survey of medicinal plants used by people
in Oriental Morocco to manage various ailments. Journal of Ethnopharmacology
154(1), 76-87. https://doi.org/10.1016/j.jep.2014.03.016.

Falcao, H.D.S., Maia, G.L.D.A., Bonamin, F., Kushima, H., Moraes, T.M., Hiruma Lima,
C.A., Takayama, C., Ferreira, A.L., Souza Brito, A.R.M., Agra, M.D.F., Barbosa
Filho, J.M., Batista, L.M., 2013. Gastroprotective mechanisms of the chloroform and
ethyl acetate phases of Praxelis clematidea (Griseb.) R.M.King & H.Robinson
(Asteraceae). Journal of Natural Medicines 67(3), 480-491.
https://doi.org/10.1007/s11418-012-0705-4.

Farzaei, M.H., Abdollahi, M., Rahimi, R., 2015. Role of dietary polyphenols in the
management of peptic ulcer. World Journal of Gastroenterology 21(21), 6499.
https://doi.org/10.3748/wjg.v21.121.6499.

Fennane, M., 2008. Statistiques et commentaires sur I’inventaire actuel de la flore vasculaire

du Maroc 1986(1989).
135



References

Ferreira, A., Proenca, C., Serralheiro, M.L.M., Aratjo, M.E.M., 2006. The in vitro
screening for acetylcholinesterase inhibition and antioxidant activity of medicinal
plants from Portugal. Journal of Ethnopharmacology 108,
31-37. https://doi.org/10.1016/j.jep.2006.04.010.

Ferreira, L., Dos Santos, R., Oliva, G., Andricopulo, A., 2015. Molecular Docking and
Structure-Based Drug Design Strategies. ~ Molecules  20(7),
13384—13421. https://doi.org/10.3390/molecules200713384.

Forssell, H., 1988. Gastric Mucosal Defence Mechanisms: A Brief Review. Scandinavian
Journal of Gastroenterology 23, 23-28. https://doi.org/10.3109/00365528809096277.

Forster, C., 2008. Tight junctions and the modulation of barrier function in disease.
Histochemistry and Cell Biologyl30(1), 55-70. https://doi.org/10.1007/s00418-
0080424-9.

Fraga-Corral, M., Otero, P., Cassani, L., Echave, J., Garcia-Oliveira, P., Carpena, M.,
Chamorro, F., Lourenc¢o-Lopes, C., Prieto, M.A., Simal-Gandara, J., 2021.
Traditional Applications of Tannin Rich Extracts Supported by Scientific Data:
Chemical Composition, Bioavailability and Bioaccessibility. Foods 10(2), 251.
https://doi.org/10.3390/foods10020251.

Franke, A., Teyssen, S., Singer, M.V., 2005. Alcohol-Related Diseases of the Esophagus and
Stomach. Digestive diseases, 23(3-4), 204-213. https://doi.org/10.1159/000090167.

Freye, E., 2008. Opioids in medicine: a comprehensive review on the mode of action and the

use of analgesics in different clinical pain states.

Frisch, M.J., Trucks, G.W., Schlegel, H.B., Scuseria, G.E., Robb, M.A., Cheeseman, J.R.,
Scalmani, G., Barone, V., Petersson, G.A., Nakatsuji, H., 2008. Gaussian 09,
revision B. 01, Gaussian, Inc., Wallingford CT, 2009 Search PubMed;(b) NM O’Boyle,
AL Tenderholt and KM Langner. Journal of Computational Chemistry 29, 839.

Fukai, T., Ushio-Fukai, M., 2011. Superoxide Dismutases: Role in Redox Signaling,
Vascular Function, and Diseases. Antioxidants & Redox Signaling 15(6), 1583—-1606.
https://doi.org/10.1089/ars.2011.3999.

Fiirst, R., Ziindorf, L., 2014. Plant-Derived Anti-Inflammatory Compounds: Hopes and
Disappointments regarding the Translation of Preclinical Knowledge into Clinical
Progress. Mediators of Inflammation 2014, 1-9. https://doi.org/10.1155/2014/146832.

Gamal, G., Abo-El-Seoud, K.A., Attia, G., 2022a. Triterpenoids from the aerial parts of
Anabasis articulata (Forssk) Moq: gastroprotective effect in vivo with in silico studies,

136



References

cytotoxic and antimicrobial activities. Natural Product Research 36(16), 4076—4084.
https://doi.org/10.1080/14786419.2021.1961769.

Gamal, G., Abouelsaoud, K., Elekhnawy, E., Attia, G., 2022b. Anti-Biofilm Impact of
Anabasis articulata (Forssk) Moq. Total Methanol Extract Against Pseudomonas
aeruginosa Clinical Isolates. Journal of Advanced Medical and Pharmaceutical
Research 3, 29-35. https://doi.org/10.21608/jampr.2022.131451.1027.

Gandhi, J., Khera, L., Gaur, N., Paul, C., Kaul, R., 2017. Role of Modulator of Inflammation
Cyclooxygenase-2 in Gammaherpesvirus Mediated Tumorigenesis. Frontiers in
Microbiology 8. https://doi.org/10.3389/fmicb.2017.00538.

Gebhart, G.F., Schmidt, R.F. (Eds.), 2013. Encyclopedia of Pain. Springer Berlin Heidelberg,
Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-28753-4.

Gelin, Z., Mosyakin, S.L., Clemants, S.E., 2003. Chenopodiaceae. Flora of China 5, 351—
414.

Ghembaza, N., Belyagoubi-Benhammou, N., Atik Bekkara, F., 2016. Separation and
identification of bioactive compounds in Anabasis articulata (Forsk) Moq. roots.

Natural Product Research 30, 857—-
859.https://doi.org/10.1080/14786419.2015.1065490.

Gibson, B.R., Lawrence, S.J., Leclaire, J.P.R., Powell, C.D., Smart, K.A., 2007. Yeast
responses to stresses associated with industrial brewery handling: Figure 1. FEMS
Microbiol Rev 31(5), 535-569. https://doi.org/10.1111/j.1574-6976.2007.00076.x.

Gomes, C.A., Girao Da Cruz, T., Andrade, J.L., Milhazes, N., Borges, F., Marques,
M.P.M., 2003. Anticancer Activity of Phenolic Acids of Natural or Synthetic Origin:
A Structure—Activity Study. Journal of Medicinal Chemistry 46(25), 5395-5401.
https://do1.org/10.1021/jm030956v.

Gondwal, M., Pant, G., Gautam, B., Gondval, M., 2015. Chemical Constituents and
Biological Activities of Genus “Skimmia.” The Natural Products Journal 5(2), 91-102.
https://doi.org/10.2174/2210315505999150610165122.

Grande, D., Gioia, M.IL., Terlizzese, P., Iacoviello, M., 2017. Heart Failure and Kidney
Disease, in: Islam, Md.S. (Ed.), Heart Failure: From Research to Clinical Practice,

Advances in Experimental Medicine and Biology. Springer International Publishing,
219-238. https://doi.org/10.1007/5584 2017 _126.

137



References

Grotto, D., Maria, L.S., Valentini, J., Paniz, C., Schmitt, G., Garcia, S.C., Pomblum, V.J.,
Rocha, J.B.T., Farina, M., 2009. Importance of the lipid peroxidation biomarkers and

methodological aspects FOR malondialdehyde quantification. Quimica Nova 32(1),
169—174. https://doi.org/10.1590/S0100-40422009000100032.

Gulcin, ., Alwasel, S.H., 2022. Metal Tons, Metal Chelators and Metal Chelating Assay as
Antioxidant Method. Processes 10(1), 132. https://doi.org/10.3390/pr10010132.

Gunaydin, C., Bilge, S.S., 2018. Effects of Nonsteroidal Anti-Inflammatory Drugs at the
Molecular Level. The Eurasian Journal of Medicine 50(2),
116—121. https://doi.org/10.5152/eurasianjmed.2018.0010.

Gupta, A., Kaur, K., Sharma, S., Goyal, S., Arora, S., Murthy, R.S.R., 2010. Clinical aspects
of acute post-operative pain management & its assessment. Journal of Advanced
Pharmaceutical Technology & Research Vols. 1(2), 97-108.

Habib, N., Regagba, Z., Miara, M.D., Hammou, M.A., Snorek, J., 2020. Floristic diversity
of steppe vegetation in the region of Djelfa, North-West Algeria. Acta Botanica
Malacitana 45, 37—46. https://doi.org/10.24310/abm.v451.7987.

Hackbarth, S., Gao, S., Subr, V., Lin, L., Pohl, J., Etrych, T., Fang, J., 2023. Singlet oxygen
in vivo: It Is All about intensity. Journal of Personalized Medicine 13(5), 781.
https://doi.org/10.3390/jpm13050781.

Hiillgren, A., 1997. Duodenal Mucosal Permeability, Bicarbonate Secretion and Motility:
Aspects of regulation and integration of duodenal function in the rat Minireview based
on a doctoral thesis. Upsala Journal of Medical Sciences 102(3), 137-173.

https://doi.org/10.3109/03009739709178938.

Halliwell, B., 2007. Dietary polyphenols: Good, bad, or indifferent for your health.
Cardiovascular Research 73(2), 341-347.

https://doi.org/10.1016/j.cardiores.2006.10.004.

Hammiche, V., Maiza, K., 2006. Traditional medicine in Central Sahara: Pharmacopoeia of
TassiliN’ajjer. Journal of Ethnopharmacology, 105(3), 358-
367. https://doi.org/10.1016/j.jep.2005.11.028.

Hani Mutlak, H.A., 2015. A Short History of the Use of Plants as Medicines from Ancient
Times. Chimia 69(10), 622. https://doi.org/10.2533/chimia.2015.622.

138



References

Harchaoui, L., Chabane, D., Ouafi, S., 2018. Analgesic and anti-inflammatory properties of
aqueous extract of Deverra scoparia Coss and Dur obtained from Tamanrasset,
Algeria. Tropical Journal of Pharmaceutical Research 17 (8), 1523—-1529.

Haslam, E., 2007. Vegetable tannins — Lessons of a phytochemical lifetime. Phytochemistry
68(22-24), 2713-2721. https://doi.org/10.1016/j.phytochem.2007.09.009.

Hayat, J., Akodad, M., Moumen, A., Baghour, M., Skalli, A., Ezrari, S., Belmalha, S., 2020.
Phytochemical screening, polyphenols, flavonoids and tannin content, antioxidant
activities and FTIR characterization of Marrubium vulgare L. from 2 different
localities of Northeast of Morocco. Heliyon 6, €05609.
https://doi.org/10.1016/j.heliyon.2020.e05609.

He, J.-Y., Li, J., Zhang, Y.-Y., He, H.-B., He, Y.-M., Xu, D.-X., Wang, X., Wu, H.-Y., Zhang,
J.-H., Jahid, H., Sadia, A., Yu, H.-F., Wang, J.-Z., Zou, K., 2023. Tormentic acid, a
triterpenoid isolated from the fruits of Chaenomeles speciose, protected indomethacin-
induced gastric mucosal lesion via modulating miR-139 and the
CXCR4/CXCL12/PLC/PKC/Rho a/MLC pathway. Pharmaceutical Biology 61(1),
1343—1363. https://doi.org/10.1080/13880209.2023.2249526.

Henneh, L.T., Ameyaw, E.O., Biney, R.P., Armah, F.A., Obese, E., Konjah, D., Teye, E.,
2018. Ziziphus abyssinica hydro-ethanolic root bark extract attenuates acute
inflammation possibly through membrane stabilization and inhibition of protein

denaturation and neutrophil degranulation. West African Journal of Pharmacy. 29(2),
81-94.

Herb, M., Schramm, M., 2021. Functions of ROS in Macrophages and Antimicrobial
Immunity. Antioxidants 10(2), 313. https://doi.org/10.3390/antiox10020313.

Hmidani, A., Bouhlali, E.D.T., Khouya, T., Ramchoun, M., Filali-zegzouti, Y., Benlyas, M.,
Alem, C., 2019. Effect of extraction methods on antioxidant and anticoagulant

activities of Thymus atlanticus aerial part. Scientific African 5, e00143.
https://doi.org/10.1016/j.sciaf.2019.e00143.

Hoffmann, W., 2008. Regeneration of the Gastric Mucosa and its Glands from Stem Cells.
Current medicinal chemistry 15(29), 3133-3144.

https://doi.org/10.2174/092986708786848587.

Howcroft, T.K., Campisi, J., Louis, G.B., Smith, M.T., Wise, B., Wyss-Coray, T.,
Augustine, A.D., McElhaney, J.E., Kohanski, R., Sierra, F., 2013. The role of
inflammation in age-related disease. Aging 5, 84-93.
https://doi.org/10.18632/aging.100531.

139



References

Hu, L., Ren, S., Shen, Q., Chen, J., Ye, X., Ling, J., 2017. Proteomic study of the effect of
different cooking methods on protein oxidation in fish fillets. RSC Advances 7(44),
27496-27505. https://doi.org/10.1039/C7RA03408C.

Huang, X., Groves, J.T., 2018. Oxygen Activation and Radical Transformations in Heme
Proteins and  Metalloporphyrins. Chemical Reviews 118(5),
2491-2553. https://doi.org/10.1021/acs.chemrev.7b00373.

Hudaib, M., Mohammad, M., Bustanji, Y., Tayyem, R., Yousef, M., Abuirjeie, M., Aburjai,
T., 2008. Ethnopharmacological survey of medicinal plants in Jordan, Mujib Nature
Reserve and surrounding area. Journal of Ethnopharmacology 120(1), 63-71.
https://doi.org/10.1016/.jep.2008.07.03 1.

Hussain, T., Tan, B., Yin, Y., Blachier, F., Tossou, M.C.B., Rahu, N., 2016. Oxidative Stress
and Inflammation: What Polyphenols Can Do for Us? Oxidative Medicine and Cellular
Longevity 2016, 1-9. https://doi.org/10.1155/2016/7432797.

Ichikawa, T., Ishihar, K., 2011. Protective Effects of Gastric Mucus, in: Tonino, Gastritis and
Gastric Cancer - New Insights in Gastroprotection, Diagnosis and Treatments. InTech.
https://doi.org/10.5772/23951.

Iijima, K., Ichikawa, T., Okada, S., Ogawa, M., Koike, T., Ohara, S., Shimosegawa, T.,
2009. Rebamipide, a Cytoprotective Drug, Increases Gastric Mucus Secretion in

Human: Evaluations with Endoscopic Gastrin Test. Digestive Diseases and Sciences
54(7), 1500—-1507. https://doi.org/10.1007/s10620-008-0507-4.

Jacob, R.B., Andersen, T., McDougal, O.M., 2012. Accessible High-Throughput Virtual
Screening Molecular Docking Software for Students and Educators. PLoS Comput
Biol 8(5), €1002499. https://doi.org/10.1371/journal.pcbi.1002499.

Jacobi, U., Kaiser, M., Koscielny, J., Schiitz, R., Meinke, M., Sterry, W., Lademann, J.,
2006. Comparison of blood flow to the cutaneous temperature and redness after topical
application of benzyl nicotinate. Journal of Biomedical Optics 11, 014025.
https://doi.org/10.1117/1.2166370.

Jain, P., Pandey, R., Shukla, S.S., 2015. Inflammation: Natural Resources and Its
Applications, Springer. Springer India. https://doi.org/10.1007/978-81-322-2163-0.

Jakubczyk, A., Zlotek, U., Szymanowska, U., Rybczynska-Tkaczyk, K., Jederka, K.,
Lewicki, S., 2020. /n vitro Antioxidant, Anti-inflammatory, Anti-metabolic Syndrome,
Antimicrobial, and Anticancer Effect of Phenolic Acids Isolated from Fresh Lovage
Leaves Levisticum officinale Koch Elicited with Jasmonic Acid and Yeast Extract.
Antioxidants 9, 554. https://doi.org/10.3390/antiox9060554.

140



References

Jang, Y., Kim, M., Hwang, S.W., 2020. Molecular mechanisms underlying the actions of
arachidonic acid-derived prostaglandins on peripheral nociception. Journal of
Neuroinflammation 17(1), 30. https://doi.org/10.1186/s12974-020-1703-1.

Jasna, D., Draze, S., 2011. Oxidative Stress Pathway Driven by Inflammation in Gastric
Mucosa, in: Tonino, P. (Ed.), Gastritis and Gastric Cancer - New Insights in
Gastroprotection, Diagnosis and Treatments. InTech. https://doi.org/10.5772/23875.

Jha, N., Ryu, J.J., Choi, E.H., Kaushik, N.K., 2017. Generation and Role of Reactive Oxygen
and Nitrogen Species Induced by Plasma, Lasers, Chemical Agents, and Other Systems
in Dentistry. Oxidative Medicine and Cellular Longevity 2017, 1-13.
https://doi.org/10.1155/2017/7542540.

Jiang, Q., 2014. Natural forms of vitamin E: metabolism, antioxidant, and anti-inflammatory
activities and their role in disease prevention and therapy. Free Radical Biology and
Medicine 72, 76-90. https://doi.org/10.1016/j.freeradbiomed.2014.03.035.

Johnson, L.R., 2019. Gastrointestinal physiology, 9th edition. ed, Mosby physiology series.
Elsevier, Philadelphia.

Jomova, K., Raptova, R., Alomar, S.Y., Alwasel, S.H., Nepovimova, E., Kuca, K., Valko,
M., 2023. Reactive oxygen species, toxicity, oxidative stress, and antioxidants: chronic
diseases and  aging. Archives of Toxicology  97(10),

2499-2574. https://doi.org/10.1007/s00204-023-03562-9.

Joshi, T., Agrawal, K., Mangal, M., Deepa, P.R., Sharma, P.K., 2024. Measurement of
antioxidant synergy between phenolic bioactives in traditional food combinations
(legume/non-legume/fruit) of (semi) arid regions: insights into the development of
sustainable functional foods. Discover Food 4(1), 11.
https://doi.org/10.1007/s44187024-00082-y.

Junior, F.E.B., De Oliveira, D.R., Bento, E.B., Leite, L.H.I., Souza, D.O., Siebra, A.L.A.,
Sampaio, R.S., Martins, A.O.P.B., Ramos, A.G.B., Tintino, S.R., Lacerda-Neto,
L.J., Figueiredo, P.R.L., Oliveira, L.R., Rodrigues, C.K.S., Sales, V.S., Figueiredo,
F.R.S.D.N., Nascimento, E.P., Monteiro, A.B., Amaro, E.N., Costa, J.G.M.,
Douglas Melo Coutinho, H., Menezes, I.LR.A.D., Kerntopf, M.R., 2013.
Antiulcerogenic Activity of the Hydroalcoholic Extract of Leaves of Croton

campestris A. St.-Hill in Rodents. Evidence-Based Complementary and Alternative
Medicine 2013, 1-10. https://doi.org/10.1155/2013/579346.

Juvekar, A., Sakat, S., Tupe, P., 2012. Gastroprotective effect of Oxalis corniculata (whole
plant) on experimentally induced gastric ulceration in Wistar rats. Indian Journal of
Pharmaceutical Sciences 74(1), 48. https://doi.org/10.4103/0250-474X.102543.

141



References

Kaddour, S.M., Zerargui, F., Arrar, L., Baghiani, A., 2019. Acute, sub-acute and antioxidant
activities of Arthrophytum scoparium aerial parts. International journal of

pharmaceutical sciences and research. 10(9), 4167—4175.

Kala, C.P., Dhyani, P.P., Sajwan, B.S., 2006. Developing the medicinal plants sector in
northern India: challenges and opportunities. Journal of Ethnobiology and
Ethnomedicine 2, 32. https://doi.org/10.1186/1746-4269-2-32.

Kambouche, N., Merah, B., Derdour, A., Bellahouel, S., Bouayed, J., Dicko, A., Younos,
C., Soulimani, R., 2009. Hypoglycemic and antihyperglycemic effects of Anabasis
articulata (Forssk) Moq (Chenopodiaceae), an Algerian medicinal plant. African
Journal of Biotechnology. 8(20), 5589-5594.

Kandikattu, K., Kumar, P.B.R., Priya, R.V., Kumar, K.S., Rathore, R.S.B., 2013.
Evaluation of anti-inflammatory activity of Canthium parviflorum by in-vitro method.
Indian Journal of Research in Pharmacy and Biotechnology, 1(5), 729-731.

Kangwan, N., Park, J.-M., Kim, E.-H., Hahm, K.B., 2014. Quality of healing of gastric
ulcers: Natural products beyond acid suppression. World Journal of Gastrointestinal
Pathophysiology 5(1), 40. https://doi.org/10.4291/wjgp.v5.11.40.

Karbab, A., Mokhnache, K., Ouhida, S., Charef, N., Djabi, F., Arrar, L., Mubarak, M.S.,
2020. Anti-inflammatory, analgesic activity, and toxicity of Pituranthos scoparius
stem extract: An ethnopharmacological study in rat and mouse models. Journal of
Ethnopharmacology 258, 112936. https://doi.org/10.1016/].jep.2020.112936.

Kardeh, S., Ashkani-Esfahani, S., Alizadeh, A.M., 2014. Paradoxical action of reactive
oxygen species in creation and therapy of cancer. European Journal of Pharmacology
735, 150-168. https://doi.org/10.1016/j.ejphar.2014.04.023.

Karnul, A.M., Murthy, C.K., 2022. A Study of Variations of the Stomach in Adults and
Growth of the Fetal Stomach. Cureus. https://doi.org/10.7759/cureus.28517.

Kartal, N., Sokmen, M., Tepe, B., Daferera, D., Polissiou, M., Sokmen, A., 2007.
Investigation of the antioxidant properties of Ferula orientalis L. using a suitable

extraction procedure.  Food Chemistry 100, 584-589.
https://doi.org/10.1016/j.foodchem.2005.09.084.

Katiri, A., Barkaoui, M., Msanda, F., Boubaker, H., 2017. Ethnobotanical Survey of
Medicinal Plants Used for the Treatment of Diabetes in the Tizi n’ Test Region
(Taroudant Province, Morocco). Journal of Pharmacognosy and Natural Products 3(1),
2472-0992. https://doi.org/10.4172/2472-0992.1000130.

142



References

KaziTani, Ch., Le Bourgeois, T., Munoz, F., 2010. Aspects floristiques des adventices du
domaine phytogéographique oranais (Nord-Ouest algérien) et persistance d’especes
rares et endémiques. F1. Medit. 20, 29—46.

Kelley, E.E., Khoo, N.K.H., Hundley, N.J., Malik, U.Z., Freeman, B.A., Tarpey, M.M.,
2010. Hydrogen peroxide is the major oxidant product of xanthine oxidase. Free
Radical Biology and Medicine 48(4), 493-498.
https://doi.org/10.1016/j.freeradbiomed.2009.11.012

Kelly, L., 2004. Essentials of human physiology for pharmacy, CRC Press pharmacy education
series. CRC Press, Boca Raton, FL.

Khamees, A., Haseeb, Kadheem, E., Jawad, Sahib, H., Bahaa, Ahmed, O., Hussein, 2019.
A Review on Medicinal Plants with Antiangiogenic Activity Available in Iraq.
Journal of  Pharmaceutical Research International 31(6), 1-10.
https://doi.org/10.9734/jpri/2019/v311630331.

Khennouf, S., Iratni, N., Daoud, B.A.H., Lekhmici, A., 2010. Antioxidant and antibacterial
activities of extracts from Artemisia herba alba Asso. leaves and some phenolic
compounds. Journal of Medicinal Plants Research 4(13), 1273—1280.

Kim, H.-D., Cho, H.-R., Moon, S., Shin, H.-D., Yang, K.-J., Park, B., Jang, H.-J., Kim,
L.S., Lee, H.-S., Ku, S.-K., 2007. Artificial Muscles: Applications of Advanced
Polymeric Nanocomposites. Archives of pharmacal research. 30, 323-328.

Kim, Y.-S., Lee, J.H., Song, J., Kim, H., 2020. Gastroprotective Effects of /nulae Flos on
HCI/Ethanol-Induced Gastric Ulcers in Rats. Molecules 25(23),
5623. https://doi.org/10.3390/molecules25235623.

Kiranmayi, G.V.N., Anusha, V., Chandrika, Y., Priya, LV.S., 2018. Preliminary
phytochemical screening and in vitro evaluation of anti-inflammatory, antiarthritic,
and thrombolytic activities of ethanolic leaf extract of Bauhinia purpurea.
International Journal of Green Pharmacy, 12(1), S241-S247.

Klein-Junior, L.C., Santin, J.R., Niero, R., De Andrade, S.F., Cechinel-Filho, V., 2012. The
therapeutic lead potential of metabolites obtained from natural sources for the

treatment  of peptic ulcer. Phytochemistry Reviews 11(4), 567-
616. https://doi.org/10.1007/s11101-012-9262-4.

Konturek, S.J., Brzozowski, T., Majka, J., Drozdowicz, D., Stachura, J., 1992. Adaptation
of the Gastric Mucosa to Stress. Scandinavian Journal of Gastroenterology 27, 39-45.
https://doi.org/10.3109/00365529209096004.

143



References

Koster, R., Anderson, M., De Beer, E., 1959. Acetic acid for analgesic screening. Federal
Proceeding. 8, 412—416.

Kouitcheu Mabeku, L.B., Nanfack Nana, B., Eyoum Bille, B., Tchuenteu Tchuenguem, R.,
Nguepi, E., 2017. Anti - Helicobacter pylori and antiulcerogenic activity of
Aframomum pruinosum seeds on indomethacin-induced gastric ulcer in rats.
Pharmaceutical Biology 55(1), 929-936.
https://doi.org/10.1080/13880209.2017.1285326.

Kumar, S., Bajwa, B., Kuldeep, S., Kalia, A., 2013. Anti-Inflammatory Activity of Herbal
Plants: A Review 2, 10.

Kumar, S., Yadav, A., Yadav, M., Yadav, J.P., 2017. Effect of climate change on
phytochemical diversity, total phenolic content and in vitro antioxidant activity of Aloe
vera (L.) Burm.f. BMC Research Notes 10(1), 60. https://doi.org/10.1186/s13104-
0172385-3.

Kumar, Shivani, Kumar, Suresh, 2019. Molecular Docking: A Structure-Based Approach for
Drug Repurposing, in: In Silico Drug Design. Elsevier. 161-
189. https://doi.org/10.1016/B978-0-12-816125-8.00006-7.

Lake, A., Rao, S.S.C., Larion, S., Spartz, H., Kavuri, S., 2021. Bile Reflux Gastropathy and
Functional Dyspepsia. Journal of Neurogastroenterology and Motility 27(3), 400—407.
https://do1.org/10.5056/jnm20102.

Lakey-Beitia, J., Burillo, A.M., La Penna, G., Hegde, M.L., Rao, K.S., 2021. Polyphenols
as Potential Metal Chelation Compounds Against Alzheimer’s Disease. Journal of
Alzheimer's Disease 82(s1), S335-S357. https://doi.org/10.3233/JAD-200185.

Lambole, V., Upendra, K., 2012. Effect of Moringa oleifera Lam. on normal and
dexamethasone suppressed wound healing. Asian Pacific Journal of Tropical
Biomedicine, 2, S219-S223.

Lanas, A., Chan, F.K.L., 2017. Peptic ulcer disease. The Lancet 390(10094), 613—624.
https://doi.org/10.1016/S0140-6736(16)32404-7.

Lawrence, T., Gilroy, D.W., 2007. Chronic inflammation: a failure of resolution? International
Journal of Experimental Pathology 88, 85-94.
https://doi.org/10.1111/1.13652613.2006.00507 .x.

144



References

Le Houerou, H., 1995. Bioclimatology and biogeography of the North African arid steppes:
Biological diversity, sustainable  development and  desertisation.
Options Mediterraneennes. Serie B: Etudes et Recherches (CIHEAM) 10.

Lee, H.-N., Surh, Y.-J., 2012. Therapeutic potential of resolvins in the prevention and treatment
of inflammatory disorders. Biochemical Pharmacology 84, 1340—1350.

https://doi.org/10.1016/j.bcp.2012.08.004.

Levin, M., 2023. Gastrointestinal Motility and Law of the Intestine.
https://doi.org/10.20944/preprints202312.2003.v1

Li, H., Tsao, R., Deng, Z., 2012. Factors affecting the antioxidant potential and health benefits
of plant foods. Canadian Journal of Plant Science 92(6),
1101-1111. https://doi.org/10.4141/cjps2011-239.

Li, R.W., Myers, S.P., Leach, D.N., Lin, G.D., Leach, G., 2003. A cross-cultural study: anti-
inflammatory activity of Australian and Chinese plants. Journal of

Ethnopharmacology. 85(1), 25-32. https://doi.org/10.1016/S0378-8741(02)00336-7.

Life Sciences and  Material Sciences | BIOVIA —  Dassault
Systemes ~ URL https://www.3ds.com/products-services/biovia/ (accessed 6.6.22).

Liu, Y., Qian, J., Li, J., Xing, M., Grierson, D., Sun, C., Xu, C., Li, X., Chen, K., 2022.
Hydroxylation decoration patterns of flavonoids in horticultural crops: chemistry,

bioactivity, and  biosynthesis. Horticulture Research 9, uhab068.
https://doi.org/10.1093/hr/uhab068.

Lobo, V., Patil, A., Phatak, A., Chandra, N., 2010. Free radicals, antioxidants and functional
foods: Impact on human health. Pharmacognosy = Reviews
4, 118. https://doi.org/10.4103/0973-7847.70902.

Loganayaki, N., Siddhuraju, P., Manian, S., 2013. Antioxidant activity and free radical
scavenging capacity of phenolic extracts from Helicteres isora L. and Ceiba pentandra

L. Journal of Food Science and  Technology 50(4), 687—
695. https://doi.org/10.1007/s13197-011-0389-x.

Lorenzo, O., Ramirez, E., Picatoste, B., Egido, J., Tufién, J., 2013. Alteration of Energy
Substrates and ROS Production in Diabetic Cardiomyopathy. Mediators of
Inflammation 2013, 1-11. https://doi.org/10.1155/2013/461967.

145



References

Lii, J., Lin, P.H., Yao, Q., Chen, C., 2010. Chemical and molecular mechanisms of
antioxidants: experimental approaches and model systems. Journal of Cellular and
Molecular Medicine 14(4), 840-860.

https://doi.org/10.1111/.15824934.2009.00897 .x.

Lugrin, J., Rosenblatt-Velin, N., Parapanov, R., Liaudet, L., 2014. The role of oxidative
stress during inflammatory processes. Biological chemistry, 395(2), 203—-230.

Macakova, K., Koleckar, V., Cahlikova, L., Chlebek, J., Host’alkova, A., Kuéa, K., Jun,
D., Opletal, L., 2014. Tannins and their Influence on Health, in: Recent Advances in
Medicinal Chemistry. Elsevier, pp. 159-208. https://doi.org/10.1016/B978-0-12-

803961-8.50006-3

Magierowski, M., Magierowska, K., Hubalewska-Mazgaj, M., Adamski, J., Bakalarz, D.,
Sliwowski, Z., Pajdo, R., Kwiecien, S., Brzozowski, T., 2016. Interaction between
endogenous carbon monoxide and hydrogen sulfide in the mechanism of
gastroprotection against acute aspirin-induced gastric damage. Pharmacological
Research 114, 235-250. https://doi.org/10.1016/j.phrs.2016.11.001.

Mahdjar, S., Bakka, C., Dendougui, H., Hadjadj, M., 2020. Phytochemical profile and in
vitro anti-inflammatory activity of Anvillea radiata (Coss and Dur) flowers extracts.
Asian Journal of Research in Chemistry. 13(1), 44,
https://doi.org/10.5958/09744150.2020.00010.3.

Maity, P., Biswas, K., Roy, S., Banerjee, R.K., Bandyopadhyay, U., 2003. Smoking and the
pathogenesis of gastroduodenal ulcer — recent mechanistic update. Molecular and
Cellular Biochemistry 253, 329-338.

Majdalawieh, A.F., Fayyad, M.W., 2015. Immunomodulatory and anti-inflammatory action
of Nigella sativa and thymoquinone: A comprehensive review. International
Immunopharmacology 28(1), 295-304. https://doi.org/10.1016/.intimp.2015.06.023.

Makhlouf, Y., Bouaziz, A., Bentahar, A., Djidel, S., Barghout, N., Khennouf, S., 2024.
Ethnobotanical study of medicinal plants in “El-Mergueb” nature reserve, M’sila
province, northern Algeria. Applied Ecology and Environmental Research 22, 459—
472. https://doi.org/10.15666/acer/2201_459472.

Makmun, D., 2005. Gastroduodenal Mucosal Integrity and Influencing Factors 6(3).

Manning, J.E., Lewis, J.W., Marsh, L.-J., McGettrick, H.M., 2021. Insights Into Leukocyte
Trafficking in Inflammatory Arthritis — Imaging the Joint. Front. Cell Dev. Biol. 9,
635102. https://doi.org/10.3389/fcell.2021.635102.

146



References

Manouze, H., Bouchatta, O., Gadhi, A.C., Bennis, M., Sokar, Z., Ba-M’hamed, S., 2017.
Anti-inflammatory, antinociceptive, and antioxidant activities of methanol and
aqueous extracts of Anacyclus pyrethrum roots. Frontiers in Pharmacology, 8, 598.

https://doi.org/10.3389/fphar.2017.00598.

Marcus, E.A., Sachs, G., Scott, D.R., 2016. Eradication of Helicobacter pylori Infection.
Current Gastroenterology Reports 18(7), 33. https://doi.org/10.1007/s11894-0160509-
X.

Markham, K.R., 1982. Techniques of flavonoid identification., London Academic Press, Chap.
1 and 2, 113.

Markom, M., Hasan, M., Daud, W., Singh, H., Jahim, J., 2007. Extraction of hydrolysable
tannins from Phyllanthus niruri Linn.: Effects of solvents and extraction methods.

Separation and  Purification Technology 52(3), 487-496.
https://doi.org/10.1016/j.seppur.2006.06.003.

Maron, B.A., Michel, T., 2012. Subcellular Localization of Oxidants and Redox Modulation
of Endothelial Nitric Oxide Synthase. Circulation Journal 76(11), 2497-2512.
https://doi.org/10.1253/circj.CJ-12-1207.

Martemucci, G., Costagliola, C., Mariano, M., D’andrea, L., Napolitano, P., D’ Alessandro,
A.G., 2022. Free Radical Properties, Source and Targets, Antioxidant Consumption
and Health. Oxygen 2(2), 48—78. https://doi.org/10.3390/0xygen2020006.

Martinsen, Fossmark, Waldum, 2019. The Phylogeny and Biological Function of Gastric
Juice—Microbiological Consequences of Removing Gastric Acid. International
Journal of Molecular Sciences 20(23), 6031. https://doi.org/10.3390/ijms20236031.

Massey, A., Beebe, L., Hesse, D., 2019. UGA Anatomy and Physiology 2 Lab Manual, 3rd
Edition. Biological Sciences Open Textbooks. 14.

Mathammal, R., Jayamani, N., Geetha, N., 2013. Molecular structure, NMR, HOMO,
LUMO, and vibrational analysis of O-Anisic acid and Anisic acid based on DFT
calculations. Journal of Spectroscopy, 2013, 1-18.
https://doi.org/10.1155/2013/171735.

Mathews, K., Kronen, P.W., Lascelles, D., Nolan, A., Robertson, S., Steagall, P.V., Wright,
B., Yamashita, K., 2015. Guidelines for recognition, assessment and treatment of pain.
The Veterinary Nurse 6(2).

McCarty, S.M., Cochrane, C.A., Clegg, P.D., Percival, S.L., 2012. The role of endogenous
and exogenous enzymes in chronic wounds: A focus on the implications of aberrant
147



References

levels of both host and bacterial proteases in wound healing. Wound Repair
Regeneration 20, 125—136. https://doi.org/10.1111/1.1524-475X.2012.00763.x.

Medeiros, J.V.R., Gadelha, G.G., Lima, S.J., Garcia, J.A., Soares, P.M.G., Santos, A.A.,
Brito, G.A.C., Ribeiro, R.A., Souza, M.H.L.P., 2008. Role of the NO/cGMP/K ATP
pathway in the protective effects of sildenafil against ethanol-induced gastric damage
in rats. British Journal of  Pharmacology 153(4), 721-727.
https://doi.org/10.1038/sj.bjp.0707605.

Megha, Kb., Joseph, X., Akhil, V., Mohanan, PV., 2021. Cascade of immune mechanism and
consequences of inflammatory disorders. Phytomedicine 91,
153712. https://doi.org/10.1016/j.phymed.2021.153712.

Mehta, S.K., Gowder, S.J.T., 2015. Members of Antioxidant Machinery and Their Functions,
in: Gowder, S.J.T. (Ed.), Basic Principles and Clinical Significance of Oxidative
Stress. InTech. https://doi.org/10.5772/61884.

Meier, J.J., 2006. Influence of gastric inhibitory polypeptide on pentagastrin-stimulated gastric
acid secretion in patients with type 2 diabetes and healthy controls. World Journal of
Gastroenterology 12(12), 1874. https://doi.org/10.3748/wjg.v12.112.1874.

Meng, X.-Y., Zhang, H.-X., Mezei, M., Cui, M., 2011. Molecular Docking: A Powerful
Approach for Structure-Based Drug Discovery. Current computer-aided drug design
7(2), 146-157. https://doi.org/10.2174/157340911795677602.

Mengstie, M.A., Chekol Abebe, E., Behaile Teklemariam, A., Tilahun Mulu, A., Agidew,

M.M., Teshome Azezew, M., Zewde, E.A., Agegnehu Teshome, A., 2022.
Endogenous advanced glycation end products in the pathogenesis of chronic diabetic

complications. Frontiers in  Molecular  Biosciences 9, 1002710.
https://doi.org/10.3389/fmolb.2022.1002710.

Metwally, N.S., Mohamed, A.M., ELSharabasy, F.S., 2012. Chemical constituents of the
Egyptian plant Anabasis articulata (Forssk) Moq and its antidiabetic effects on rats
with streptozotocin-induced diabetic hepatopathy. Journal of Applied Pharmaceutical
Science, 2(4), 54—65. https://doi.org/10.7324/JAPS.2012.2403.

Miara, M.D., Bendif, H., Ait Hammou, M., Teixidor-Toneu, I., 2018. Ethnobotanical survey
of medicinal plants used by nomadic peoples in the Algerian steppe. Journal of
Ethnopharmacology 219, 248-256. https://doi.org/10.1016/j.jep.2018.03.011.

Miara, M.D., Bendif, H., Rebbas, K., Rabah, B., Hammou, M.A., Maggi, F., 2019.
Medicinal plants and their traditional uses in the highland region of Bordj Bou Arreridj

148



References

(Northeast ~ Algeria). Journal of Herbal Medicine
16, 100262. https://doi.org/10.1016/j.hermed.2019.100262.

Mishra, P., Sharma, P., 2019. Superoxide Dismutases (SODs) and Their Role in Regulating
Abiotic Stress induced Oxidative Stress in Plants, in: Hasanuzzaman, M., Fotopoulos,
V., Nahar, K., Fujita, M. (Eds.), Reactive Oxygen, Nitrogen and Sulfur Species in
Plants. Wiley. 53—88. https://doi.org/10.1002/9781119468677.ch3.

Misra, H.P., Fridovich, 1972. The Role of Superoxide Anion in the Autoxidation of
Epinephrine and a Simple Assay for Superoxide Dismutase. Journal of Biological
Chemistry. 247, 3170-3175.

Miyasaka, M., Takatsu, K. (Eds.), 2016. Chronic Inflammation. Springer Japan, Tokyo.
https://doi.org/10.1007/978-4-431-56068-5.

Mo, J., Panichayupakaranant, P., Kaewnopparat, N., Nitiruangjaras, A., Reanmongkol,
W., 2013. Topical anti-inflammatory and analgesic activities of standardized
pomegranate rind extract in comparison with its marker compound ellagic acid in vivo.
Journal of Ethnopharmacology 148(3), 901-908.
https://doi.org/10.1016/j.jep.2013.05.040.

Moghaddam, M., Khaleghi Miran, S.N., Mehdizadeh, L., 2018. Total Phenolic Content and
Antioxidant Activity of Fumaria vaillantii Extract at Three Phenological Stages
Assayed by Various Methods. International Journal of Horticultural Science and
Technology 5(1). https://doi.org/10.22059/ijhst.2018.253067.219.

Mohamed Ibrahim, A.M., Martinez-Swatson, K.A., Benkaci-Ali, F., Cozzi, F., Zoulikha,
F., Simonsen, H.T., 2018. Effects of gamma irradiation and comparison of different
extraction methods on sesquiterpene lactone yields from the medicinal plant Thapsia

garganica L. (Apiaceae). Journal of Applied Research on Medicinal and Aromatic
Plants 8, 26-32. https://doi.org/10.1016/j.jarmap.2017.09.002.

Mohanty, M., Mohanty, P.S., 2023. Molecular docking in organic, inorganic, and hybrid
systems: a tutorial review. Monatshefte fiir Chemie
154(7), 683-707. https://doi.org/10.1007/s00706-023-03076-1.

Moraes, T.M., Kushima, H., Moleiro, F.C., Santos, R.C., Machado Rocha, L.R., Marques,
M.O., Vilegas, W., Hiruma-Lima, C.A., 2009. Effects of limonene and essential oil
from Citrus aurantium on gastric mucosa: Role of prostaglandins and gastric mucus
secretion. Chemico-Biological Interactions 180, 499-505.
https://doi.org/10.1016/j.cbi.2009.04.006.

149



References

Mukhopadhyay, D., Dasgupta, P., Sinha Roy, D., Palchoudhuri, S., Chatterjee, 1., Ali, S.,
Dastidar, S.G., 2016. A sensitive vitro hydrogen peroxide scavenging assay using 1

10 phenanthroline. Free Radicals and Antioxidants 6(1), 124—-132.

Muller, W.A., 2011. Mechanisms of Leukocyte Transendothelial Migration. Annual Review of
Pathology: Mechanisms of Disease 6, 323-344.
https://doi.org/10.1146/annurevpathol-011110-130224.

Murti, K., Kumar, U., 2012. Enhancement of wound healing with roots of Ficus racemosa L.
in albino rats. Asian Pacific Journal of Tropical Biomedicine 2(4), 276-280.

https://doi.org/10.1016/S2221-1691(12)60022-7.

Musa, M.A., Dibal, N.I., Chiroma, M.S., Makena, W., 2017. Protective role of Phoenix
dactylifera fruit against ethanol-induced gastric ulcer in Wistar rats. Annals of
Research Hospitals 1, 46—46. https://doi.org/10.21037/arh.2017.10.01.

Nakamura, H., Takada, K., 2021. Reactive oxygen species in cancer: Current findings and
future directions. Cancer Science 112(10), 3945-3952.
https://doi.org/10.1111/cas.15068.

Nawash, O., Shudiefat, M., Al-Tabini, R., Al-Khalidi, K., 2013. Ethnobotanical study of
medicinal plants commonly used by local bedouins in the badia region of Jordan.
Journal of Ethnopharmacology 148(3), 921-925.
https://doi.org/10.1016/j.jep.2013.05.044.

Necas, J., Bartosikova, L., 2013. Carrageenan: a review. Veterindrni medicina. 58(4), 187—
205. https://doi.org/10.17221/6758-VETMED.

Nenaah, G., 2011. Toxicity and growth inhibitory activities of methanol extract and the
Bcarboline alkaloids of Peganum harmala L. against two coleopteran stored-grain
pests. Journal of Stored Products Research 47(3), 255-261.
https://doi.org/10.1016/j.jspr.2011.04.004.

Nishio, H., Hayashi, Y., Terashima, S., Takeuchi, K., 2006. Role of endogenous nitric oxide
in mucosal defense of inflamed rat stomach following iodoacetamide treatment. Life
Sciences 79(16), 1523—1530. https://doi.org/10.1016/j.1fs.2006.04.013.

Noack, M., Kolopp-Sarda, M.-N., 2018. Cytokines et inflammation: physiologie,
physiopathologie et utilisation thérapeutique. Revue Francophone des Laboratoires
2018(499), 28-37. https://doi.org/10.1016/S1773-035X(18)30052-2.

Nouidjem, Y., Hadjab, R., Khammar, H., Merouani, S., Bensaci, E., 2021. Diversity,
Ecology and Therapeutic Properties of the Medicinal Plants in Ziban Region (Algeria).
150



References

Journal of Bioresource Management 8(1), 29-39.
https://doi.org/10.35691/JBM.1202.0163.

Nouioura, G., Tourabi, M., Tahraoui, A., El-yagoubi, K., Maache, S., Elfatemi, H., Lyoussi,
B., Derwich, E.H., 2023. Assessment of the acute and subacute toxicity of the aqueous

extract of Moroccan Ferula communis fruit in a mouse model. Saudi Pharmaceutical
Journal. 31(8), 101701. https://doi.org/10.1016/].jsps.2023.101701.

Nur Azlina, M.F., Kamisah, Y., Chua, K.H., Ibrahim, [.A.A., Qodriyah, H.M.S., 2015.
Preventive Effects of Tocotrienol on Stress-Induced Gastric Mucosal Lesions and Its
Relation to Oxidative and Inflammatory Biomarkers. PLoS ONE 10(10), ¢0139348.

https://doi.org/10.1371/journal.pone.0139348.

OECD, 0., 2001. Guidelines for testing of chemicals, acute oral toxicity-fixed dose procedure.

Okaiyeto, K., Oguntibeju, 0.0., 2021. African Herbal Medicines: Adverse Effects and
Cytotoxic Potentials with Different Therapeutic Applications. International Journal of

Environmental Research and  Public Health 18(11), 5988.
https://doi.org/10.3390/ijerph18115988.

Okoli, C.O., Akah, P.A., Nwafor, S.V., 2003. Anti-inflammatory activity of plants. Journal of
Natural Remedies. 3(1), 01-30.

Orole, R., 2013. Antiulcerogenic Activity of Kigelia africana, Nauclea latifolia and Staudtia
stipitata on Induce Ulcer in Albino Rats. European Journal of Medical Physics 3(4),
577-590. https://doi.org/10.9734/EJMP/2013/4971.

Oronsky, B., Caroen, S., Reid, T., 2022. What Exactly Is Inflammation (and What Is It Not?).
International Journal of Molecular Sciences 23(23),

14905. https://doi.org/10.3390/ijms232314905.

Orrenius, S., Gogvadze, V., Zhivotovsky, B., 2007. Mitochondrial Oxidative Stress:
Implications for Cell Death. Annual Review of Pharmacology and Toxicology 47(1),
143-183. https://doi.org/10.1146/annurev.pharmtox.47.120505.105122.

Ouadja, B., Katawa, G., Toudji, G.A., Layland, L., Gbekley, E.H., Ritter, M., Anani, K.,
Ameyapoh, Y., D. Karou, S., 2021. Anti-inflammatory, antibacterial and antioxidant
activities of Chenopodium ambrosioides L. (Chenopodiaceae) extracts. Journal of
Applied Biological Sciences 162, 16764—-16794. https://doi.org/10.35759/JABs.162.7.

Ouelbani, R., Bensari, S., Mouas, T.N., Khelifi, D., 2016. Ethnobotanical investigations on
plants used in folk medicine in the regions of Constantine and Mila (North-East of

151



References

Algeria). Journal of Ethnopharmacology 194, 196-218.
https://doi.org/10.1016/j.jep.2016.08.016.

Ozcan, A., Ogun, M., 2015. Biochemistry of Reactive Oxygen and Nitrogen Species, in:
Gowder, S.J.T. (Ed.), Basic Principles and Clinical Significance of Oxidative Stress.

InTech. https://doi.org/10.5772/61193.

Ozenda, P., 1977. Flora of the Sahara. Flora of the Sahara.

Pacher, P., Beckman, J.S., Liaudet, L., 2007. Nitric Oxide and Peroxynitrite in Health and
Disease. Physiological Reviews 87(1), 315-424.
https://doi.org/10.1152/physrev.00029.2006.

Palle, S., Kanakalatha, A., Kavitha, Ch.N., 2018. Gastroprotective and Antiulcer Effects of
Celastrus paniculatus Seed Oil Against Several Gastric Ulcer Models in Rats. Journal

of  Dietary Supplements 15(4), 373-385.
https://doi.org/10.1080/19390211.2017.1349231.

Pallotti, F., Lenaz, G., 2007. Isolation and Subfractionation of Mitochondria from Animal
Cells and Tissue Culture Lines, in: Methods in Cell Biology. Elsevier. 3—44.
https://doi.org/10.1016/S0091-679X(06)80001-4.

Park, S.W., Oh, T.Y., Kim, Y.S., Sim, H., Park, S.J., Jang, E.J., Park, J.S., Baik, H.W.,
Hahm, K.B., 2008. Artemisia asiatica extracts protect against ethanol-induced injury
in gastric mucosa of rats. Journal of Gastroenterology and Hepatology 23(6), 976-984.
https://doi.org/10.1111/1.1440-1746.2008.05333 .x.

Pei, J., Pan, X., Wei, G., Hua, Y., 2023. Research progress of glutathione peroxidase family
(GPX) in redoxidation. Frontiers in Pharmacology 14,
1147414. https://doi.org/10.3389/fphar.2023.1147414.

Pérez, G.S., Zavala, S.M., Arias, G.L., Ramos, L.M., 2011. Anti-inflammatory Activity of
Some Essential Oils. Journal of Essential Oil Research 23(5), 38—44.
https://doi.org/10.1080/10412905.2011.9700480.

Perez-Vilar, J., Hill, R.L., 2004. Mucin Family of Glycoproteins. Encyclopedia of Biological
Chemistry 2.

Permatasari, H.K., Taslim, N.A., Al Mahira, M.F.N., Amalia, N., Farradisya, S., Putri,
R.R.A., Arnamalia, A., Faradis, M.A.W., Yusuf, M., Gunawan, W.B., Surya, R.,
Mayulu, N., Tallei, T.E., Tjandrawinata, R.R., Kurniawan, R., Nurkolis, F., 2024.

152



References

Molecular Docking Approaches in the Discovery and Development of Natural-based
Functional Foods: An Opinion Study. Nutricion Clinica y Dietética Hospitalaria 44(1).
https://doi.org/10.12873/441permatasari.

Peskar, B.M., Ehrlich, K., Peskar, B.A., 2002. Role of ATP-Sensitive Potassium Channels in
Prostaglandin-Mediated Gastroprotection in the Rat. Journal of Pharmacology and
Experimental Therapeutics 301(3), 969-974. https://doi.org/10.1124/jpet.301.3.969.

Phaniendra, A., Jestadi, D.B., Periyasamy, L., 2015. Free Radicals: Properties, Sources,
Targets, and Their Implication in Various Diseases. Indian Journal of Clinical
Biochemistry 30(1), 11-26. https://doi.org/10.1007/s12291-014-0446-0.

Pinzi, L., Rastelli, G., 2019. Molecular Docking: Shifting Paradigms in Drug Discovery.
International Journal of Molecular Sciences 20(18),

4331. https://doi.org/10.3390/ijms20184331.

Pisoschi, A.M., Pop, A., 2015. The role of antioxidants in the chemistry of oxidative stress: A
review. European Journal of Medicinal Chemistry 97,
55-74. https://doi.org/10.1016/j.ejmech.2015.04.040.

Platzer, M., Kiese, S., Herfellner, T., Schweiggert-Weisz, U., Miesbauer, O., Eisner, P.,
2021. Common Trends and Differences in Antioxidant Activity Analysis of Phenolic
Substances Using Single Electron Transfer Based Assays. Molecules 26(5), 1244.
https://doi.org/10.3390/molecules26051244.

Polle, A., Krings, B., Rennenberg, H., 1989. Superoxide dismutase activity in needles of
Norwegian spruce trees (Picea abies L.). Plant physiology 90, 1310-1315.

Post, S.R., Rump, L.C., Zambon, A., Hughes, R.J., Buda, M.D., Jacobson, J.P., Kao, C.C.,
Insel, P.A., 1998. ATP Activates cAMP Production via Multiple Purinergic Receptors
in MDCK-D1 Epithelial Cells. Journal of Biological Chemistry 273(36), 23093—
23097. https://doi.org/10.1074/jbc.273.36.23093.

Pourmorad, F., Hosseinimehr, S.J., Shahabimajd, N., 2006. Antioxidant activity, phenol and
flavonoid contents of some selected Iranian medicinal plants. African Journal of
Biotechnology 5 (11), 1142—-1145.

Prasanth, D.S.N.B.K., Rao, A.S., Yejella, R.P., 2017. Phytochemical, in vitro antioxidant and
antibacterial activities of Argyreia pilosa wight & arn. (whole plant). International
Journal of Pharmacognosy, 4(4), 109-117.
https://doi.org/10.13040/1JPSR.09758232.1JP.4(4).109-117.

Prazeres, L.D.K.T., Aragao, T.P., Brito, S.A., Almeida, C.L.F., Silva, A.D., De Paula,
M.M.F., Farias, J.S., Vieira, L.D., Damasceno, B.P.G.L., Rolim, L.A., Veras, B.O.,
153



References

Rocha, 1.G., Silva Neto, J.C., Bittencourt, M.L.F.,, Goncalves, R.D.C.R.,
Kitagawa, R.R., Wanderley, A.G., 2019. Antioxidant and Antiulcerogenic Activity of
the Dry Extract of Pods of Libidibia ferrea Mart. ex Tul. (Fabaceae). Oxidative
Medicine and Cellular Longevity 2019, 1-23. https://doi.org/10.1155/2019/1983137.

Prieto, M.A., Rodriguez-Amado, 1., Vazquez, J.A., Murado, M.A., 2012. 3-Carotene Assay
Revisited. Application To Characterize and Quantify Antioxidant and Prooxidant
Activities in a Microplate. Journal of Agricultural and Food Chemistry 60(36), 8983—

8993. https://doi.org/10.1021/j£302218g.

Prieto, P., Pineda, M., Aguilar, M., 1999. Spectrophotometric quantitation of antioxidant
capacity through the formation of a phosphomolybdenum complex: Specific
application to the determination of vitamin E. E. Analytical biochemistry. 269(2), 337—
341.

Pulido, R., Bravo, L., Saura-Calixto, F., 2000. Antioxidant Activity of Dietary Polyphenols
As Determined by a Modified Ferric Reducing/Antioxidant Power Assay. Journal of

Agricultural and  Food Chemistry  48(8), 3396-3402.
https://doi.org/10.1021/j9913458.

Qi, Q., Chu, M., Yu, X, Xie, Y., Li, Y., Du, Y., Liu, X., Zhang, Z., Shi, J., Yan, N., 2023.
Anthocyanins and Proanthocyanidins: Chemical Structures, Food Sources,
Bioactivities, and Product Development. Food Reviews International 39(7), 4581—
4609. https://doi.org/10.1080/87559129.2022.2029479.

Qnais, E., 2011. The analgesic effect of the ethanolic extract of Matricaria aurea. Turkish
Journal of Biology. https://doi.org/10.3906/biy-0909-22.

Quézel, P., Santa, S., 1962. Nouvelle flore de I’ Algérie et des régions désertiques méridionales.
CNRS, Paris 2.

Quézel, P., Santa, S., 1963. Nouvelle flore de I’ Algérie et des régions désertiques méridionales.
CNRS, Paris. Tome I : 1-570 + 65 planches h.-t. Tome I1: 571-1170 + 70 planches h.t.

Radunié¢, M., Jukié¢ Spika, M., Goreta Ban, S., Gadze, J., Diaz-Pérez, J.C., MacLean, D.,
2015. Physical and chemical properties of pomegranate fruit accessions from Croatia.
Food Chemistry 177, 53—60. https://doi.org/10.1016/j.foodchem.2014.12.102.

Rahman, Z., Dwivedi, D., Jena, G., 2020. Ethanol-induced gastric ulcer in rats and
intervention of tert-butylhydroquinone: Involvement of Nrf2/HO-1 signalling
pathway. Human &  Experimental = Toxicology  39(4), 547-562.
https://doi.org/10.1177/0960327119895559.

154



References

Ramdane, F., Hadj Mahammed, M., Didi Ould Hadj, M., Chanai, A., Hammoudi, R.,
Hillali, N., Mesrouk, H., Bouafia, I., Bahaz, C., 2015. Ethnobotanical study of some
medicinal plants from Hoggar, Algeria. Journal of Medicinal Plants Research 9(30),
820—827. https://doi.org/10.5897/JMPR2015.5805.

Ranjbar, A., Ghasemi, H., Rostampoura 7, F., 2014. The Role of Oxidative Stress in Metals
Toxicity; Mitochondrial Dysfunction as a Key Player: Galen Medical Journal 3(1).
https://doi.org/10.31661/gmj.v3i1.100.

Rao, U.M., 2016. Phytochemical screening, total flavonoid and phenolic content assays of
various solvent extracts of tepal of Musa paradisiaca. Malaysian Journal of Animal
Science 20(5), 1181-1190. https://doi.org/10.17576/mjas-2016-2005-25.

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., Rice-Evans, C., 1999.
Antioxidant activity applying an improved ABTS radical cation decolorization assay.

Free Radical Biology and  Medicine 26(9-10), 1231-1237.
https://doi.org/10.1016/S0891-5849(98)00315-3.

Reisz, J.A., Bansal, N., Qian, J., Zhao, W., Furdui, C.M., 2014. Effects of lonizing Radiation
on Biological Molecules—Mechanisms of Damage and Emerging Methods of
Detection.  Antioxidants & Redox Signaling 21(2), 260-

292 https://doi.org/10.1089/ars.2013.5489.

Repetto, M.G., Llesuy, S.F., 2002. Antioxidant properties of natural compounds used in
popular medicine for gastric ulcers. Brazilian Journal of Medical and Biological
Research 35(5), 523-534. https://doi.org/10.1590/S0100-879X2002000500003.

Riaz, M., Khalid, R., Afzal, M., Anjum, F., Fatima, H., Zia, S., Rasool, G., Egbuna, C.,
Mtewa, A.G., Uche, C.Z., Aslam, M.A., 2023. Phytobioactive compounds as
therapeutic agents for human diseases: A review. Food Science & Nutrition 11(6),
2500-2529. https://doi.org/10.1002/fsn3.3308.

Ribeiro, A.R.S., Diniz, P.B.F., Pinheiro, M.S., Albuquerque-Junior, R.L.C., Thomazzi,
S.M., 2016. Gastroprotective effects of thymol on acute and chronic ulcers in rats: The
role of prostaglandins, ATP-sensitive K+ channels, and gastric mucus secretion.

Chemico-Biological Interactions 244, 121-128.
https://doi.org/10.1016/5.cbi.2015.12.004.

Righi, N., Boumerfeg, S., Deghima, A., Fernandes, P.A.R., Coelho, E., Baali, F., Cardoso,
S.M., Coimbra, M.A., Baghiani, A., 2021. Phenolic profile, safety assessment, and

anti-inflammatory activity of Salvia verbenaca L. Journal of Ethnopharmacology. 272,
113940. https://doi.org/10.1016/j.jep.2021.113940.

155



References

Rindi, G., Inzani, F., Solcia, E., 2018. GI Tract: General Pathology of Neuroendocrine
Growths, in: Encyclopedia of Endocrine Diseases. Elsevier.
520-524. https://doi.org/10.1016/B978-0-12-801238-3.03940-4.

Rios, E.R.V., Rocha, N.F.M., Venancio, E.T., Moura, B.A., Feitosa, M.L., Cerqueira, G.S.,
Soares, P.M.G., Woods, D.J., De Sousa, F.C.F.,, Leal, L. K.A.M., Fonteles,
M.M.D.F., 2010. Mechanisms involved in the gastroprotective activity of esculin on

acute gastric lesions in mice. Chemico-Biological Interactions 188(1), 246-254.
https://doi.org/10.1016/j.cbi.2010.07.020.

Roberts-Thomson, I.C., 2021. How did the ancient bacterium, Helicobacter pylori, cause an
epidemic  of chronic duodenal ulceration? JGH Open 5(6),
636—-642. https://doi.org/10.1002/jgh3.12560.

Rodrigues, M., Kosaric, N., Bonham, C.A., Gurtner, G.C., 2019. Wound Healing: A Cellular
Perspective. Physiological Reviews 99(1), 665-706.
https://doi.org/10.1152/physrev.00067.2017.

Rostami-Motamed, H., Taati, M., Dezfoulian, O., Alirezaei, M., Moghaddasi, M., 2015.

The Effects of Moderate Exercise on Ethanol-Induced Gastric Injuries in Rats.
Zahedan Journal of Research in Medical Sciences

17(10). https://doi.org/10.17795/zjrms-2195.

Saad, B., Azaizeh, H., Abu-Hijleh, G., Said, O., 2006. Safety of Traditional Arab Herbal
Medicine. Evidence-Based Complementary and Alternative Medicine 3(4), 433—439.

https://doi.org/10.1093/ecam/nel058.

Sabiu, S., Garuba, T., Sunmonu, T., Ajani, E., Sulyman, A., Nurain, I., Balogun, A., 2015.
Indomethacin-induced gastric ulceration in rats: Protective roles of Spondias mombin
and Ficus exasperata. Toxicology Reports 2, 261-267.
https://doi.org/10.1016/j.toxrep.2015.01.002.

Sadek, S.A., 2022. Sepia officinalis ink mitigates gastric ulcer via modulation of
antioxidant/anti-inflammatory pathways. Beni-Suef University Journal of Basic and
Applied Sciences 11, 63. https://doi.org/10.1186/s43088-022-00242-y.

Sakat, S.S., Tupe, P., Juvekar, A., 2012. Gastroprotective Effect of Oxalis corniculata (Whole
Plant) on Experimentally Induced Gastric Ulceration in Wistar Rats. Indian Journal of
Pharmaceutical Sciences.

156


https://doi.org/10.1186/s43088-022-00242-y
https://doi.org/10.1186/s43088-022-00242-y
https://doi.org/10.1186/s43088-022-00242-y
https://doi.org/10.1186/s43088-022-00242-y
https://doi.org/10.1186/s43088-022-00242-y
https://doi.org/10.1186/s43088-022-00242-y
https://doi.org/10.1186/s43088-022-00242-y
https://doi.org/10.1186/s43088-022-00242-y

References

Salatino, A., Salatino, M.L.F., Negri, G., 2007. Traditional uses, chemistry and pharmacology
of Croton species (Euphorbiaceae). Journal of the Brazilian Chemical Society 18(1),
11-33. https://doi.org/10.1590/S0103-50532007000100002.

Salau, V.F., Erukainure, O.L., Islam, Md.S., 2020. Phenolics: therapeutic applications against
oxidative injury in obesity and type 2 diabetes pathology, in: Pathology. Elsevier. 297—
307. https://doi.org/10.1016/B978-0-12-815972-9.00029-9.

Santos, M.I., Reis, R.L., 2010. Vascularization in Bone Tissue Engineering: Physiology,
Current Strategies, Major Hurdles and Future Challenges. Macromolecular Bioscience
10(1), 12-27. https://doi.org/10.1002/mabi.200900107.

Sargin, S.A., Selvi, S., Biiyiikcengiz, M., 2015. Ethnomedicinal plants of Aydincik District of
Mersin, Turkey. Journal of Ethnopharmacology 174, 200-
216. https://doi.org/10.1016/j.jep.2015.08.008.

Sarikurkcu, C., Tepe, B., Daferera, D., Polissiou, M., Harmandar, M., 2008. Studies on the
antioxidant activity of the essential oil and methanol extract of Marrubium globosum

subsp. globosum (lamiaceae) by three different chemical assays. Bioresource
Technology 99(10), 4239-4246. https://doi.org/10.1016/j.biortech.2007.08.058.

Schubert, M.L., 2008. Hormonal regulation of gastric acid secretion. Current Gastroenterology
Reports 10, 523-527. https://doi.org/10.1007/s11894-008-0097-5.

Sen, S., Chakraborty, R., Rekha, B., Revathi, D., Ayyanna, S.C., Hemalatha, G., Kumar
Reddy, G.A., Hyndavi, S., Ikhyatha Babu, P.J., Prakash, P.R., Sridhar, C., 2013.
Anti-inflammatory, analgesic, and antioxidant activities of Pisonia aculeata: Folk
medicinal use to scientific approach. Pharmaceutical Biology 51(4), 426-432.
https://doi.org/10.3109/13880209.2012.738331.

Senhaji, S., Lamchouri, F., Toufik, H., 2020. Phytochemical Content, Antibacterial and
Antioxidant Potential of Endemic Plant Anabasis aretioides Coss. & Moq.
(Chenopodiaceae). BioMed Research International 2020, 1-16.
https://doi.org/10.1155/2020/6152932.

Shahzad, N., Ibrahim, I.A.A., Alzahrani, A.R., Al-Ghamdi, S.S., Alanazi, . M.M., Ahmad,
Md.P., Singh, A.K., Alruqi, M.A., Shahid, 1., Equbal, A., Azlina, M.F.N., 2024. A
comprehensive review on phytochemicals as potential therapeutic agents for
stressinduced gastric ulcer. Journal of Umm Al-Qura University for Applied Sciences.
https://doi.org/10.1007/s43994-024-00140-2.

157



References

Sharifi-Rad, M., Fokou, P., Sharopov, F., Martorell, M., Ademiluyi, A., Rajkovic, J.,
Salehi, B., Martins, N., Iriti, M., Sharifi-Rad, J., 2018. Antiulcer Agents: From Plant
Extracts to Phytochemicals in Healing Promotion. Molecules 23(7), 1751.
https://doi.org/10.3390/molecules23071751.

Sharma, A., Kunwar, S., Vaishali, Agarwal, V., Singh, C., Sharma, M.D., Chauhan, N.,
2021. Molecular docking: an explanatory approach in structure-based drug designing

and discovery. International Journal of Pharmacy and Pharmaceutical Sciences 6—12.
https://doi.org/10.22159/ijpps.2021v1316.40830.

Shi, L., Zhao, W., Yang, Z., Subbiah, V., Suleria, H.A.R., 2022. Extraction and
characterization of phenolic compounds and their potential antioxidant activities.

Environmental Science and  Pollution Research 29,
81112-81129. https://doi.org/10.1007/s11356-022-23337-6.

Shin, S.-K., Cho, H.-W., Song, S.-E., Song, D.-K., 2018. Catalase and nonalcoholic fatty liver
disease. Pfliigers Archiv: European Journal of Physiology 470(12), 1721-1737.
https://doi.org/10.1007/s00424-018-2195-z.

Sireeratawong, S., Lertprasertsuke, N., Srisawat, U., Thuppia, A., Ngamjariyawat, A.,
Suwanlikhid, N., Jaijoy, K., 2008. Acute and subchronic toxicity study of the water
extract from Tiliacora triandra (Colebr.) Diels in rats. Songklanakarin Journal of
Science & Technology. 30 (5), 611-619.

Sistani Karampour, N., Arzi, A., Rezaie, A., Pashmforoosh, M., Kordi, F., 2019.
Gastroprotective Effect of Zingerone on Ethanol-Induced Gastric Ulcers in Rats.
Medicina 55(3), 64. https://doi.org/10.3390/medicina55030064.

Slinkard, K., Singleton, V.L., 1977. Total phenol analysis: automation and comparison with

manual methods. American journal of enology and viticulture 28(1), 49-55.

Smirnoff, N., Cumbes, Q.J., 1989. Hydroxyl radical scavenging activity of compatible solutes.
Phytochemistry 28, 1057—1060. https://doi.org/10.1016/0031-9422(89)80182-7.

Sohail, R., Mathew, M., Patel, K.K., Reddy, S.A., Haider, Z., Naria, M., Habib, A., Abdin,
Z7.U., Razzaq Chaudhry, W., Akbar, A., 2023. Effects of Non-steroidal
Antiinflammatory Drugs (NSAIDs) and Gastroprotective NSAIDs on the
Gastrointestinal

Tract: A Narrative Review. Cureus 15(4): e€37080.
https://doi.org/10.7759/cureus.37080.

Soleymani, F., Paquet, E., Viktor, H., Michalowski, W., Spinello, D., 2022. Protein—protein
interaction prediction with deep learning: A comprehensive review. Computational and

158



References

Structural ~ Biotechnology Journal 20,  5316-5341.
https://doi.org/10.1016/j.csbj.2022.08.070.

Soll, A.H., Walsh, J.H., 1979. Regulation of Gastric Acid Secretion. Annual Review of
Physiology 41, 35-53.

Sroka, Z., Cisowski, W., 2003. Hydrogen peroxide scavenging, antioxidant and anti-radical
activity of some phenolic acids. Food and Chemical Toxicology 41, 753-758.
https://doi.org/10.1016/S0278-6915(02)00329-0.

Steinmann, U., Borkowski, J., Wolburg, H., Schroppel, B., Findeisen, P., Weiss, C.,
Ishikawa, H., Schwerk, C., Schroten, H., Tenenbaum, T., 2013. Transmigration of
polymorphnuclear neutrophils and monocytes through the human blood-cerebrospinal
fluid barrier after bacterial infection in vitro. Journal of Neuroinflammation 10(1), 832.
https://doi.org/10.1186/1742-2094-10-31.

Stewart, D.J., Ackroyd, R., 2011. Peptic ulcers and their complications. Surgery (Oxford)
29(11), 568-574. https://doi.org/10.1016/j.mpsur.2011.08.006.

Strehl, C., Spies, C.M., Buttgereit, F., 2011. Pharmacodynamics of glucocorticoids. Clinical
and Experimental Rheumatology-Incl Supplements 29(5), S13—-S18.

Sumbul, S., Ahmad, Mohd.A., Mohd. Asif, Mohd. Akhtar, 2011. Role of phenolic
compounds in peptic ulcer: An overview. Journal of Pharmacy and Bioallied Sciences
3(3), 361. https://doi.org/10.4103/0975-7406.84437.

Sun, D., Zhang, S., Wei, Y., Yin, L., 2009. Antioxidant activity of mangostin in cell-free system
and its effect on K562 leukemia cell line in photodynamic therapy. Acta Biochim
Biophys Sin 41(12), 1033—-1043. https://doi.org/10.1093/abbs/gmp099.

Sun, W., Shahrajabian, M.H., 2023. Therapeutic Potential of Phenolic Compounds in
Medicinal Plants—Natural Health Products for Human Health. Molecules 28, 1845.
https://doi.org/10.3390/molecules28041845.

Sun, X., Tang, J., Wang, J., Rasco, B.A., Lai, K., Huang, Y., 2016. Formation of free and
protein-bound carboxymethyllysine and carboxyethyllysine in meats during
commercial sterilization. Meat Science 116, 1-7.
https://doi.org/10.1016/j.meatsci.2016.01.009.

Sunitha, D., 2016. A review on antioxidant methods. Asian Journal of Pharmaceutical and
Clinical Research 14. https://doi.org/10.22159/ajpcr.2016.v9s2.13092.

159



References

Suseela, V., Gopalakrishnan, V., Varghese, S., 2010. /n vitro Antioxidant Studies of Fruits of
Artemisia nilagirica (Clarke) Pamp. Indian Journal of Pharmaceutical Sciences 72(5),

644. https://doi.org/10.4103/0250-474X.78538.

Takeuchi, K., Endoh, T., Hayashi, S., Aihara, T., 2016. Activation of Muscarinic
Acetylcholine Receptor Subtype 4 Is Essential for Cholinergic Stimulation of Gastric

Acid Secretion: Relation to D Cell/Somatostatin. Frontiers in Pharmacology 7.
https://doi.org/10.3389/fphar.2016.00278.

Takeuchi, K., Kato, S., Amagase, K., 2010. Prostaglandin EP Receptors Involved in
Modulating Gastrointestinal Mucosal Integrity. Journal of Pharmacological Sciences
114, 248-261. https://doi.org/10.1254/jphs.10R06CR.

Tandon, P.K., Singh, S.B., 2016. Redox processes in water remediation. Environmental
Chemistry Letters 14(1), 15-25. https://doi.org/10.1007/s10311-015-0540-4.

Tarnawski, A., Ahluwalia, A., Jones, M.K., 2013. Gastric Cytoprotection Beyond
Prostaglandins: Cellular and Molecular Mechanisms of Gastroprotective and Ulcer
Healing Actions of Antacids. Current Pharmaceutical Design 19, 126—132.

Tarnawski, A.S., Ahluwalia, A., K. Jones, M., 2012. The Mechanisms of Gastric Mucosal
Injury: Focus on Microvascular Endothelium as a Key Target. Current medicinal
chemistry 19(1), 4-15. https://doi.org/10.2174/092986712803414079.

Taylor, M., Carr, T., Oke, O., Jaunky, T., Breheny, D., Lowe, F., Gaca, M., 2016. E-cigarette
aerosols induce lower oxidative stress in vitro when compared to tobacco smoke.
Toxicology Mechanisms and  Methods 26(6), 465-476.
https://doi.org/10.1080/15376516.2016.1222473.

Terano, A., Sakata-Horie, K., Shimada, T., Hiraishi, H., Yoshiura, K., Yoneda, M.,
Takahashi, M., Fujimori, T., 2001. The role of cellular migration in the repair
process of  gastric epithelial cells. Life Sciences 69,  3083-3089.
https://doi.org/10.1016/S0024-3205(01)01414-X.

Thanan, R., Oikawa, S., Hiraku, Y., Ohnishi, S., Ma, N., Pinlaor, S., Yongvanit, P.,
Kawanishi, S., Murata, M., 2014. Oxidative Stress and Its Significant Roles in

Neurodegenerative Diseases and Cancer. International Journal of Molecular Sciences
16(1), 193-217. https://doi.org/10.3390/ijms16010193

Thombre, N.A., Gaikwad, S.M., Chaudhari, K.S., 2019. A review on analgesic herbals.
Indian Journal of Drugs 7(3), 81-88.

160



References

Thomford, N., Dzobo, K., Chopera, D., Wonkam, A., Skelton, M., Blackhurst, D.,
Chirikure, S., Dandara, C., 2015. Pharmacogenomics Implications of Using Herbal
Medicinal Plants on African Populations in Health Transition. Pharmaceuticals 8(3),
637—-663. https://doi.org/10.3390/ph8030637.

Tilyabaev, Z., Abduvakhabov, A.A., 1998. Alkaloids ofAnabasis aphylla and their cholinergic
activities.  Chemistry  of Natural Compounds 34(3), 295-297.
https://doi.org/10.1007/BF02282405.

Timmers, 1., Quaedflieg, C.W.E.M., Hsu, C., Heathcote, L.C., Rovnaghi, C.R., Simons,
L.E., 2019. The interaction between stress and chronic pain through the lens of threat

learning. Neuroscience & Biobehavioral Reviews 107, 641-
655. https://doi.org/10.1016/j.neubiorev.2019.10.007.

Tirichen, H., Yaigoub, H., Xu, W., Wu, C., Li, R., Li, Y., 2021. Mitochondrial Reactive
Oxygen Species and Their Contribution in Chronic Kidney Disease Progression
Through Oxidative Stress. Frontiers in Physiology 12, 627837.
https://doi.org/10.3389/fphys.2021.627837.

Torres-Régo, M., Furtado, A.A., Bitencourt, M.A.O., Lima, M.C.J.D.S., Andrade,
R.C.L.C.D., Azevedo, E.P.D., Soares, T.D.C., Tomaz, J.C., Lopes, N.P., Da Silva-
Junior, A.A., Zucolotto, S.M., Fernandes-Pedrosa, M.D.F., 2016. Anti-
inflammatory activity of aqueous extract and bioactive compounds identified from the

fruits of Hancornia speciosa Gomes (Apocynaceae). BMC Complementary and
Alternative Medicine 16(1)., 275. https://doi1.org/10.1186/s12906-016-1259-x.

Tortora., Derrickson, 2010. Manuel d’anatomie et de physiologie humaine. 2éme édition.
Bruxelles : De boek. 478.

Tréchot, P., Jouzeau, J.-Y., 2014. Bases chimiques et pharmacologiques des AINS. Revue
Francaise d’Allergologie 54, 212-217. https://doi.org/10.1016/j.reval.2014.01.026.

Trott, O., Olson, A.J., 2010. AutoDock Vina: Improving the speed and accuracy of docking
with a new scoring function, efficient optimization, and multithreading. Journal of
Computational Chemistry 31, 455-461. https://doi.org/10.1002/jcc.21334.

Tsai, C.-C., Lin, C.-C., 1998. Anti-inflammatory effects of Taiwan folk medicine ‘Teng-KhiaU’
on carrageenan- and adjuvant-induced paw edema in rats. Journal of
Ethnopharmacology 64(1), 85-89. https://doi.org/10.1016/S0378-8741(98)00108-1.

Uddin Chy, Md.N., Adnan, Md., Chowdhury, Md.R., Pagano, E., Kamal, A. T.M.M., Oh,
K.K., Cho, D.H., Capasso, R., 2021. Central and peripheral pain intervention by
Ophiorrhiza rugosa leaves: Potential underlying mechanisms and insight into the role

161



References

of pain modulators. Journal of Ethnopharmacology 276, 114182.
https://doi.org/10.1016/j.jep.2021.114182.

Umbrello, M., Dyson, A., Feelisch, M., Singer, M., 2013. The Key Role of Nitric Oxide in
Hypoxia: Hypoxic Vasodilation and Energy Supply—Demand Matching. Antioxidants
& Redox Signaling 19(14), 1690—1710. https://doi.org/10.1089/ars.2012.4979.

Vadhel, A., Bashir, S., Mir, A.H., Girdhar, M., Kumar, D., Kumar, A., Mohan, Aradhana,
Malik, T., Mohan, Anand, 2023. Opium alkaloids, biosynthesis, pharmacology and
association with cancer occurrence. Open Biology 13(5), 220355.
https://doi.org/10.1098/rsob.220355.

Valko, M., Morris, H., Cronin, M., 2005. Metals, Toxicity and Oxidative Stress. Current
medicinal chemistry 12(10), 1161-1208. https://doi.org/10.2174/0929867053764635.

Van Rensburg, R., Reuter, H., 2019. An overview of analgesics: NSAIDs, paracetamol, and
topical analgesics Part 1. South African Family Practice 61(supl), S4-S10.
https://doi.org/10.1080/20786190.2019.1610228.

Vane, J.R., Bakhle, Y.S., Botting, R.M., 1998. Cyclooxygenases 1 and 2. Annual Review of
Pharmacology and  Toxicology 38,  97-120.
https://doi.org/10.1146/annurev.pharmtox.38.1.97.

Varela, M.L., Mogildea, M., Moreno, L., Lopes, A., 2018. Acute Inflammation and
Metabolism. Inflammation 41, 1115-1127. https://doi.org/10.1007/s10753-018-0739-

1.

Verma, P., Rishi, B., George, N.G., Kushwaha, N., Dhandha, H., Kaur, M., Jain, Ankur,
Jain, Aditi, Chaudhry, S., Singh, A., Siraj, F., Misra, A., 2023. Recent advances and
future directions in etiopathogenesis and mechanisms of reactive oxygen species in

cancer treatment. Pathology and Oncology Research 29.
https://doi.org/10.3389/pore.2023.1611415.

Vohr, H.-W., 2016. Encyclopedia of Immunotoxicology. Springer Berlin Heidelberg, Berlin,
Heidelberg. https://doi.org/10.1007/978-3-642-54596-2.

Vona, R., Pallotta, L., Cappelletti, M., Severi, C., Matarrese, P., 2021. The Impact of
Oxidative Stress in Human Pathology: Focus on Gastrointestinal Disorders.
Antioxidants 10(2), 201. https://doi.org/10.3390/antiox10020201.

Wagner, J.G., Roth, R.A., 2000. Neutrophil migration mechanisms, with an emphasis on the

pulmonary vasculature. Pharmacological reviews 52(3), 349-374.

162



References

Waldum, H.L., Serdal, G.F., Mjenes, P.G., 2019. The Enterochromaffin-like [ECL] Cell—
Central in Gastric Physiology and Pathology. International Journal of Molecular
Sciences 20(10), 2444. https://doi.org/10.3390/ijms20102444.

Wang, J.L., Limburg, D., Graneto, M.J., Springer, J., Hamper, J.R.B., Liao, S., Pawlitz,
J.L., Kurumbail, R.G., Maziasz, T., Talley, J.J., Kiefer, J.R., Carter, J., 2010. The
novel benzopyran class of selective cyclooxygenase-2 inhibitors. Part 2: The second
clinical candidate having a shorter and favorable human half-life. Bioorganic &

Medicinal Chemistry  Letters, 20(23), 7159-7163.
https://doi.org/10.1016/;.bmcl.2010.07.054.

Wang, L., Wang, F., Gershwin, ML.E., 2015. Human autoimmune diseases: a comprehensive
update. Journal of Internal Medicine 278(4), 369-
395. https://doi.org/10.1111/joim.12395.

Watanabe, T., Fujiwara, Y., Chan, F.K.L., 2020. Current knowledge on non-steroidal
antiinflammatory drug-induced small-bowel damage: a comprehensive review. Journal
of Gastroenterology 55(5), 481-495. https://doi.org/10.1007/s00535-019-01657-8.

Weill, B., Batteux, F., 2003. Immunopathologie et réactions inflammatoires. De Boeck

Supérieur.

Werme, K., Bisseye, C., Ouedraogo, 1., Yonli, A.T., Ouermi, D., Djigma, F., Moret, R.,
Gnoula, C., Nikiema, J.-B., Simpore, J., 2015. Diagnostic moléculaire
d’Helicobacter pylori par PCR chez les patients en consultation gastroentérologique
au Centre Médical Saint Camille de Ouagadougou. The Pan African Medical Journal
21. https://doi.org/10.11604/pam;j.2015.21.123.6001.

Wijngaard, H., Hossain, M.B., Rai, D.K., Brunton, N., 2012. Techniques to extract bioactive
compounds from food by-products of plant origin. Food Research International. 46(2),
505-513. https://doi.org/10.1016/j.foodres.2011.09.027.

Wilson, R.L., Stevenson, C.E., 2019. Anatomy and Physiology of the Stomach, in:
Shackelford’s Surgery of the Alimentary Tract, 2 Volume Set. Elsevier. 634—646.
https://doi.org/10.1016/B978-0-323-40232-3.00056-X.

Wranker, L.S., Rennemark, M., Berglund, J., ElImstihl, S., 2014. Relationship between pain
and Quality of Life—Findings from the Swedish National Study on Aging and Care—

Blekinge  study. Scandinavian Journal of Pain  5(4), 270-275.
https://doi.org/10.1016/j.sjpain.2014.05.029.
Wu, D., 2003. Alcohol, Oxidative Stress, and Free Radical Damage. Oxidative Stress 27(4).

163



References

Xie, X., Yu, T., Li, X., Zhang, N., Foster, L.J., Peng, C., Huang, W., He, G., 2023. Recent
advances in targeting the “undruggable” proteins: from drug discovery to clinical trials.
Sig Transduct Target Ther 8(1), 335. https://doi.org/10.1038/s41392-023-01589z.

Yadav, S.K., Singh, MLJ., Singh, D.A., 2021. Review of conventional and herbal treatment for
peptic ulcer disease. Natural Volatiles and Essential Oils 8(6), 6310—6324.

Yamauchi, M., Kitamura, Y., Nagano, H., Kawatsu, J., Gotoh, H., 2024. DPPH
Measurements and Structure—Activity Relationship Studies on the Antioxidant
Capacity  of Phenols. Antioxidants 13(3), 309.

https://doi.org/10.3390/antiox13030309.

Yemele, M.D., Telefo, P.B., Lienou, L.L., Tagne, S.R., Fodouop, C.S.P., Goka, C.S.,
Lemfack, M.C., Moundipa, F.P., 2015. Ethnobotanical survey of medicinal plants
used for pregnant women’s health conditions in Menoua division-West Cameroon.
Journal of Ethnopharmacology 160, 14-31. https://doi.org/10.1016/j.jep.2014.11.017.

Yemitan, O.K., Adeyemi, 0.0., 2017. Mechanistic assessment of the analgesic,
antiinflammatory and antipyretic actions of Dalbergia saxatilis in animal models.

Pharmaceutical Biology 55(1), 898-905.
https://doi.org/10.1080/13880209.2017.1283706.

Yokota, A., Taniguchi, M., Tanaka, A., Takeuchi, K., 2005. Development of intestinal, but
not gastric damage caused by a low dose of indomethacin in the presence of rofecoxib.
Inflammopharmacol 13, 209-216. https://doi.org/10.1163/156856005774423755.

Yu, L., Li, R., Liu, W., Zhou, Y., Li, Y., Qin, Y., Chen, Y., Xu, Y., 2020. Protective Effects of
Wheat Peptides against Ethanol-Induced Gastric Mucosal Lesions in Rats:
Vasodilation and  Anti-Inflammation. Nutrients 12(8), 2355.
https://doi.org/10.3390/nu12082355.

Zaheer, 1., Rahman, S.Z., Khan, R.A., Parveen, M., Ahmad, M., 2018. Evaluation of
Analgesic Activity of Extracts of Delphinium denudatum in Animal Models: A
Dosedependent Pre-clinical Trial. Journal of Clinical and Diagnostic Research for
doctors 12(12), FCO1-FCO04. https://doi.org/10.7860/JCDR/2018/37415.12322.

Zakaria, Z.A., Balan, T., Azemi, A.K., Omar, M.H., Mohtarrudin, N., Ahmad, Z.,
Abdullah, M.N.H., Desa, Mohd.N.Mohd., Teh, L.K., Salleh, Mohd.Z., 2016.
Mechanism(s) of action underlying the gastroprotective effect of ethyl acetate fraction
obtained from the crude methanolic leaves extract of Muntingia calabura. BMC
Complementary and Alternative Medicine 16(1), 78.
https://doi.org/10.1186/s12906016-1041-0.

164



References

Zeghal, K.M., Sahnoun, Z., 2013. La réaction inflammatoire et le stress oxydant. In Abrégé

de physiologie a I’usage des acupuncteurs et des réflexothérapeutes. Springer, 47-53.

Zhang, W., Lian, Y., Li, Q., Sun, L., Chen, R., Lai, X., Lai, Z., Yuan, E., Sun, S., 2020.
Preventative and Therapeutic Potential of Flavonoids in Peptic Ulcers. Molecules 25,
4626. https://doi.org/10.3390/molecules25204626.

165



Makhlouf et al.: Ethnobotanical study of medicinal plants in “El-Mergeub” nature reserve, M’sila Province, Northern Algeria -
459 -

ETHNOBOTANICAL STUDY OF MEDICINAL PLANTS IN “EL-
MERGUEB” NATURE RESERVE, M’SILA PROVINCE,
NORTHERN ALGERIA

MAKHLOUF, Y. — BOUAZIZ, A." — BENTAHAR, A. — DJIDEL, S. — BARGHOUT, N. — KHENNOUF, S.

Laboratory of Phytotherapy Applied to Chronic Diseases, Faculty of Nature and Life Sciences,
University Ferhat Abbas Setif 1, Setif 19000, Algeria

*Corresponding author
e-mail: a.bouaziz@univ-setif.dz; phone: +213-557-76-23-53

(Received 1 Sep 2023; accepted 16" Nov 2023)

Abstract. Medicinal plants are considered as a rich sources of bioactive compounds. The present study
aimed to document the local knowledge of medicinal plants’ use in El Mergueb natural reserve of the wilaya
of M’sila, northern Algeria. The valorization of this natural heritage requires an ethnobotanical study which
allows to describe the different uses of medicinal plants by the local population and to establish the
catalogue of medicinal plants and their therapeutic uses. Ethnobotanical data were collected from 182 local
informants through semi-structured questionnaires and open interviews. In the present study a total of 46
plant species belonging to 23 botanical families were recorded for the treatment of different ailments.
Asteraceae was the most represented family with 9 species followed by Poaceae, Lamiaceae and Fabaceae.
Artemisia herba-alba Asso (UV = 0.58), Stipa tenacissima L. (UV = 0.42), Artemisia campestris L. (UV =
0.3), Zyziphus lotus L. (UV = 0.16) and Marrubium vulgare L. (UV = 0.14) were the most frequently used
by local informants, with the highest UV. Leaves (39.6%) were the most widely used plant parts. Most
herbal remedies were consumed as decoction and infusion. The results obtained are very valuable source of
information on the region studied and on the Algerian medicinal flora. They could serve as a database for
further phytochemical and pharmacological investigations and for research into new natural sources of
biomolecules beneficial to people.

Keywords: survey, phytotherapy, diseases, semi-arid region, Algeria

Introduction

Algeria is the largest country in the Mediterranean basin and Africa with a total area
0f237 639 100 ha, distinct bioclimatic, ecological zones, and significant species diversity
(Souilah et al., 2018). Medicinal plants have long been a part of healthcare in many parts
of the world, particularly in developing nations. Traditional medicine has used medicinal
plants as a cure for a variety of diseases for many years (Ekor, 2014).

Therapeutic plants with pharmacological qualities have been identified as rich sources
of components with significant potential for disease prevention (Karbab et al., 2020).
Like other countries in the world, plants have long been used in Algeria to cure a variety
of diseases. The knowledge of the plants used can shed light on their qualities, which will
allow future research (Hamza et al., 2019).

Ethnobotany is the study of human-plant relationships; several active chemicals
utilized in modern medicine are derived from ethnobotanical data, which is mostly based
on popular and traditional medical knowledge. This knowledge, which primarily belongs
to traditional practitioners is still passed down orally putting this herbal traditional
practice at risk of extinction if it is not preserved (Ouelbani et al., 2016).

In Algeria, many ethnobotanical and ethnopharmacological studies have recently been
undertaken in different regions such as the central Sahara (Hammiche and Maiza, 2006),

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(1): 459-472.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online) DOI:
http://dx.doi.org/10.15666/aeer/2201_459472

© 2024, ALOKI Kft., Budapest, Hungary



Makhlouf et al.: Ethnobotanical study of medicinal plants in “El-Mergeub” nature reserve, M’sila Province, Northern Algeria -
460 -

the North (Bouasla and Bouasla, 2017) and Northwest Algeria (Benarba et al., 2015) in
order to preserve indigenous knowledge and to develop a strategy for the protection of
biodiversity and particularly rare plant species, threatened or extinct in the wild from
excessive human use (Bakiri et al., 2016). The inventory of plants is now estimated at
4449 taxa, including 3951 native taxa of which 464 are endemic (Habib et al., 2020). In
this context, we conducted an ethnobotanical study in El Mergueb natural reserve. To our
knowledge, this region has never been explored ethnopharmacologically. Therefore, this
study was conducted to obtain the ethnomedicinal knowledge of the El Mergueb natural
reserve and to determine the cultural importance of plant taxa, families, local names,
usage parts and methods of preparation.

Material and methods
Ethnobotanical survey
Survey area

M’ sila (known also as Hodna) region is situated in the central part of Northern Algeria
at 351 42’ N latitude and 41 32’ E longitude. It covers a total area of 18718 km? (47
municipalities) (Fig. 1). The territory is mostly hilly with an average altitude of 500 m,
semi- arid and characterized by the predominance of steppe (63% total area) (Boudjelal
et al., 2013). El Mergueb reserve is a natural steppe space located at the western edge of
the Hodna pan (Fig. 1). It covers an area of 16.481 ha, straddling the communes of Sidi
Hadjeres, Ain El Hadjel and Sidi Ammer (Boudjadja et al., 2010). It extends between the
coordinates of Lambert relative to the topographic map of Ain El-Hadjel to (1/50.000,
following: X (608.5 and 626.7) km and Y (243.6—263.8) km. The three experimental
stations lie between latitudes (35°36°12.6”N and 35°35°05.7”N) and longitudes
(03°56°23.8”E and 03°58°08.7”E) with an altitude of 575 and 634 m located in the
municipality of Ain EL-Hadjel (Adjabi et al., 2019).

The climate of M’Sila is characterized by semi-arid and dry conditions typical of a
desert region. It is continental, subject in part to the Saharan influences. According to the
data from the meteorological station of M’sila (2010-2015), the variation in average
monthly precipitation is irregular in a general manner. The rainyest month is September
with an average of 25.6 mm, while July has the least rainy month with a value of 3.75
mm (Fig. 2). January is the coldest month, with a minimum of 8.41°C, while the warmest
month is July, with an average maximum of 31.11°C for average monthly temperatures
(Fig. 2). The average maximum temperature curve (M) shows that the highest maximum
temperature is recorded in July with 44°C and the lowest average maximum temperatures
observed in January 18.3°C. Thus, M’sila has a dry period that extends over twelve
months, from January to December and it is located in the semi-arid bioclimate with a
cold winter according to the Emberger rainfall ratio (Q2 = 15.62) (Merniz et al., 2018).

Data collection

In order to identify and establish a list of plants used in traditional medicine due to
their pharmacological properties, an ethnobotanical survey was carried out using a
questionnaire distributed to villagers and people with knowledge on the use of medicinal
plants through face-to-face interviews, with the aim of collecting accurate information on
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therapeutic practices by the population. Our study was conducted from June 2020 to
January 2021 spread over 182 questionnaire cards using probability sampling method
(Ocvirk et al., 2019) and all the respondents were villagers from El Mergueb. The
information is divided into two sections (Fig. 3); the first concerns the informant as the
sole owner of the information, while the second gathers information concerning the
medicinal plant such as local name, plant parts used, spontaneous or cultivated, toxicity,
medicinal use and preparation. The identity of each plant species mentioned by the
informants was verified and confirmed by a bibliography (Quézel and Santa, 1962a) and
Ozenda (1977). A medicinal use was accepted as valid only if it was mentioned by at least
three independent interviewees (Al-Qura’n, 2009).

Figure 1. Geographical location of El Mergueb nature reserve (Algeria)
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Figure 2. Average rainfall and temperature in M’Sila, Algeria (Merniz et al., 2018)
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Data analysis

Data obtained were spread on an Excel spreadsheet and statistically analyzed (age,
gender, education level, Origin of ethnobotanical knowledge, various proportions like
plant families, plant parts used, methods of use). The particular use of use value (UV) is
to determine the relative significance of the local species. UV was calculated using
Equation 1.

UV =Z2Ui/N (Eq.1)
where Ui: number of uses reports per species, and N: total number of informants (Trotter

and Logan, 1986). It demonstrates the relative importance of plants known locally
(Ouelbani et al., 2016).

Section A: Questions about the informant: sex, age, level of education, origin of
ethnobotanical knowledge.

Variables Categories
Gender Female

Male
Age [20years-35years]

[36years-50years]
[S1years-60years]
>60years
Educational level Illiterate

Primary

College
Secondary
University

Origin of ethnobotanical knowledge |Family knowledge
Herbalist
Scientific research

Section B: Questions concerning the medicinal plant: uses of the medicinal plant, the part of
the plant used, the pathology treated.

Plant name Spontaneous/
Therapeutic cultivated/
Vernacular Part used Mode of use o efty Toxicity
Scientific name name prop

Figure 3. Questionnaire card of survey

Results and discussion
Demographic features of the informants

For all interviewers, gender, age, profession, and background information were
recorded. According to 7able 1, the local informants (n = 182) comprised 69% women
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and 31% men were interviewed. This result is in agreement with the studies of Ramdane
et al. (2015), Miara et al. (2018) and Bouafia ef al. (2021) who found that the majority of
informants were women with the percentage of 63%, 56% and 57.14%, respectively when
the authors compared medicinal plant knowledge held by males and females. This could
be due to women’s greater knowledge of medicinal plants and the ease with which they
can share this knowledge.

The age group that formed the majority of informants was the 51 years-60 years age
group contributing 37%, followed by the 36 years-50 years and informants over 60 years
(Table I). The percentage of medicinal plant users older than 60 years old is similar to
that found by Alalwan et al. (2019) where the most respondents were adults between the
ages of 40 years —60 years (62.5%) followed by (27.5%) in the age group of above 60
years. The highest age respondents provide more reliable information because they hold
much of the ancestral knowledge that is part of the oral tradition. The least participative
age group was the 20 years-35 years which had 9% (Table I). The reason for lack of
interest on medicinal plants within this age group could be explained by the mistrust of
certain young people, who tend not to believe this herbal medicine due to the influence
of modernization and exotic culture influence.

Table 1. Demographic profile of informants interviewed (N = 182)

Variables Categories Total Percentage (%)
Gend Women Men 126 56 69%
ender 31%
[20 years-35 years] 17 9%
Age [36 years-50 years] 51 28%
& [51 years-60 years] 67 37%
>60years 47 26%
[literate 15 30%
Primary 24 13%
Educational level College 31 17%
Secondary 38 19%
University 74 21%
. . Family knowledge 118 65%
Origin of ethnobotanical Herbalist 37 20%
knowledge Scientific research. 27 15%

Users of medicinal herbs with no educational background accounted for 30% of the
total (7able I), while those with a university education accounted for 21%. Those with
only a primary, middle, or secondary education account for 13%, 17%, and 19% of the
population, respectively. Traditional knowledge of the use of plants for medical purposes,
or the interchange of information and development of herbal medicine production, might
explain these findings. Boughrara and Belgacem (2016) found that the illiteracy rate was
33% among users of medicinal plants and the percentage of people who have a university
level of study is 21.33%. These results are quite similar to ours. The majority of
ethnobotanical knowledge came from family, with 65 percent being passed down through
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generations. The rest were herbalists (20%) and scientific research (15%). Our findings
are consistent with those previously reported by Eddouks et al. (2017) and Chaachouay
et al. (2019) who found that heritage is the primary source of knowledge acquisition for
residents, accounting for approximately 45 percent of all knowledge acquisition in
Morocco.

Diversity of medicinal plants

The research area’s floristic diversity, as well as a renewed interest in phytotherapy
encouraged us to identify the therapeutic plants of EI Mergueb Natural Reserve. An
ethnobotanical survey and analysis of the flora of the research region were conducted in
this area. A total of 46 taxa belonging to 23 different families were recorded (7able 2).
All of the species mentioned are spontaneous, according to the flora of Algeria (Quézel
and Santa, 1962b), with the exception of the following species Pinus halepensis Mill.,
Pistacia atlantica Desf., Pistacia lentiscus L., Nerium oleander L., Juniperus phoenicea
L., Eucalyptus globulus Labill., Avena sativa L., Hordeum vulgare
L., Triticum vulgare L. and Populus nigra L. which are cultivated. As illustrated in Figure
4, the most represented families were Asteraceae with 9 medicinal plant species, followed
by Poaceae (6 species) and Lamiaceae (4 species). Our findings are similar with those of
Hammiche and Maiza (2006) who found that among 33 families listed, Asteraceae, with
12 species (15%), are the most common. This high proportion could be explained by the
high representation of these families in El Mergueb Natural Reserve flora because of the
ecological factors that favour the development and adaptation of the majority of their
species. According to Habib et al. (2020), Asteraceae, Poaceaec and Brassicaceae
characterize the arid and semi-arid areas in the Mediterranean regions. In Algeria, some
studies highlighted the dominance of Asteraceae, Poaceae and Fabaceae in the steppe
regions (Kazi Tani et al., 2010). This was also reported in Morocco by Fennane (2008).

As seen in Figure 5 species with high used values (UV) were Artemisia herba-alba
Asso (0.58), Stipa tenacissima L. (0.42), Artemisia campestris L. (0.3), Zyziphus lotus
(UV = 0.16), Marrubium vulgare L. (UV = 0.14). This means that these species are the
most important medicinal plants used in folk medicine by the population of EI Mergueb
to treat ailments, which might be due to their vast distribution in the area study. Artemisia
herba-alba was named the first specie in others studies (Katiri et al., 2017; Nawash et al.,
2013). In Algerian traditional medicine, Artimisia herba-alba is one of the most
commonly utilized herbs. This plant is used to cure gastrointestinal problems including
diarrhea and abdominal discomfort, as well as to heal exterior wounds (Khennouf et al.,
2010; Boudjelal et al., 2013; Miara et al., 2018), diabetes (Bouasla and Bouasla, 2017),
cancer, and respiratory system diseases (Ouelbani et al., 2016). The second most plant
cited is Stipa tenacissima which is recommended as a hypoglycemic and in the treatment
of persistent scalp ulcers, cleaning the ashes. Artemisia campestris is used for digestive
disorders, stomach discomfort, nausea, and menstrual cramps. vulnerary, anti-
hemorrhagic poultice whereas, Zyziphus lotus is used to treat anti-inflammatory diseases
(Benderradji et al., 2014). Marrubium vulgare is utilized for diabetes therapy, digestive
problems, stomach pain, fever, migraine, wound, cardiovascular diseases, respiratory and
liver diseases, allergies, leishmaniose, febrifuge, vermifuge, anti-emetic, tonic, analgesic,
antispasmodic (Miara et al., 2019).
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Locals are aware of the dangers of poisonous plants and use extreme caution while
utilizing plants such as Thapsia garganica L. (Mohamed Ibrahim et al., 2018), Nerium
oleander L. (Aslani et al., 2004), Colocynthis vulgaris L. (Adam Sakine et al., 2011),
Retama retam Webb. (Algandaby, 2015), Asparagus stipularis L., Thymelaea hirsute L.,
Peganum harmala L. (Nenaah, 2011). Toxicity of therapeutic plants can be attributed to
their active chemical combinations, interactions with other herbs and medicines, or
intrinsic toxicity. Plants contain complex combinations of terpenes, alkaloids, saponins,
and other compounds, which increases the potential of unpleasant responses to any of
them or the cumulative or synergistic effects of chemical interactions (Saad et al., 2006).

Table 2. Medicinal flora of El Mergueb natural reserve

Family/scientific name Vernacular name Part used Mode of use Therapeutic property uUv
Respiratory diseases,
Abietaceae Pinus Essanaoubar puratory ¢
R . Seeds Cataplasm rheumatic diseases, 0.04
halepensis Mill. alhalabi .
hemorrhoids
Digestive diseases,
Anacardiacea . I i respiratory diseases, eye
. R cardi .ce ¢ Elbatma Leaves, fruits,roots nfus19n, p Y .. Y 0.13
Pistacia atlantica Desf. decoction diseases, antitussive,
antipyretic
. . Leaves, fruits, Infusion, Antiseptic, expectorant,
Pistacia lentiscus L. Edharou . S 0.05
roots decoction diuretic
Piaceae . Powder, Intestinal gas, thrombosis,
. . Talghouda Fruits - 0.02
Bunium mauritanicum L. decoction worms
. . . Cataplasm, | Rheumatic pain, bronchitis,
Thapsia garganica L. Bounafaa Aerial parts, roots - . 0.03
decoction sprains
Pituranthos chloranthus L. Elkezzih Leaves, flowers Infusion Indigestion, abdominal pain | 0.02
Apocynaceae Nerium Fumigation, Respiratory disease, heart
pocy Eddafla Aerial parts & .y 1ty cise 0.10
oleander L. powder disease, bone pain, eczema
Abdominal pain
Asteraceae Anthemi. . . . S
. nehemts Elbabouned;j Flowers Decoction Menstruation pain, urinary | 0.03
arvensis L. . .
tract infections
. . . . Abdominal pain, female
Anvillea radiata L. Ennakd Aerial parts Infusion S . 0.02
genital infections
. Lo . . . Digestive disorders gastric
Artemisia absinthium L. Chadjeret Meriem | Leaves, flowers Decoction . 0.03
ulcer, deworming
Infusion, Digestive disorders,
Artemisia campestris L. Ettgouft Leaves powder, menstruation pain, 0.3
cataplasm | antihemorrhagic, snake bites
Infusion, . L. .
decoction Gastric ulcer, anti-diarrheic,
Artemisia herba- alba Asso. Echih Aerial parts, roots owder ’ | anti-spasmodic, indigestions,| 0.58
powder, deworming
cataplasm
Rheumatic pain, anti-septic
. Powder and °p P
Inula viscose L. Amegraman Leaves healing fractures, 0.04
Cataplasm .
deworming
Scolymus hispanicus L. Garnina Leaves Decoction Liver and bowel diseases | 0.04
. X Abdominal pain, intestinal
Scorzonera laciniata L. Talma Leaves, roots Infusion gas 0.02
Scorzoneraun dulate L Uizg Aerial parts, roots Infusion Against snakebites 0.02
Cactaceae Opuntia . . Antiteigne, against
o Elhendi Petals, stem, fruits | Cataplasm - 0.03
ficus-indica L dermatosis
Chenopodiaceae Elgtaf L frui Decocti D ds, diureti 0.03
Atriplex halimus L. gta eaves, fruits ecoction ry wounds, diuretic .
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Anabasis articulata (Forssk.) Moq Eladjrem Aerial parts Plaster Infusion Antidiabetic 0.04
Decoction, Indigestion, stings of
Arthrophytum scoparium L. Erramth Aerial parts & & 0.03
cataplasm scorpion, dermatoses
Cucurbitaceae Colocynthis X . Decoction, Rheumatic pain, against
. ElHadj Fruits ;. 0.06
vulgaris L. pomade hepatitis
Cupressaceae Juniperus . . Antiparasitic, antiseptic,
. Elaraar Aerial parts Infusion - - 0.03
phoenicea L. eczema, abdominal pain
Healing, against eye
Fabaceae Retama Ertem Aerial parts Infusion irritation, gntl—dla.rrhea, 0.04
raetam Webb. abdominal pain,
antirheumatic
. .. . Powder, .
Medicago minima L. Elhaska Fruits, leaves - Mouth and bladder diseases | 0.02
decoction
Globulariaceae Globularia . Infusion, Anti-gastralgic, against
Tassalgha Aerial parts . .| 0.02
alypum L. powder wounds, menstruation pain
Lami Antiseptic, antirheumatic,
amiaceae . . ;
o Chandgoura Aerial parts Infusion regulation of the menstrual | (.03
Ajuga iva L. cycl
ycle
. . Infusion, Expectorant, Diuretic,
Marrubium vulgare L. Timriout Leaves - s 0.14
decoction antiseptic
. . . . Against sunburn, allergy of
Mentha pulegium L. Elfliou Aerial parts Decoction 0.03
the nose
. . . . . Hypoglycemic, abdominal
Teucrium polium L. Eljaada Aerial parts Infusion . - 0.05
pain, colic, stomach ulcer
Lilaceae Asparagus . . . X Antispasmodic, analgesic,
. . Ain Eddib Aerial parts Decoction . . 0.04
stipularis L. sedative, emollient
. Decoction . . . .
Asphodelus microcarpus L. Elborouag Leaves Diuretic, antirheumatic. 0.02
Cataplasm
Malvaceae Elkhobi Actial . Infusi Antiseptic, constipation, 0.04
Malva parviflora L. ob1z ertal parts, roots nlusion hemorrhoids, headaches :
Myrtaceae Elkali L Fumieati Anti-infectious, antiseptic, 0.05
Eucalyptus globulus Labill. alitous caves umigation asthma )
Oleacea Olea Azzai L frui 1 Infusi Diuretic, hyperglycemia, 0.07
europaca L. zzaitoun eaves, fruits, oi nfusion hypertension .
Eczema, migraines, digestive,
Papaveraceae Papaver Ben Naman Flowers Infusion disorders, inflammation of | 0,03
rhoeas L. the bladder
Poaceae Kh I d Powd Diabetes, liver abscesses,
Avena stiva L. ourta Seeds owder diuretic 0.03
. Kidney stones, diabetes,
Hordeum vulgare L. Echair Seeds Powder . 0.02
stomach ache, rheumatism
. o . Chronic scalp ulcers,
Stipa tenacissima L. Elhalfa Leaves Infusion di 0.42
iabetes
. . . Digestive problems antiseptic
Stipa capensis L. Essameaa Leaves Infusion 0.03
Tviri L Ennai Rhi D . Abdominal pain, liver and rat| 0.02
riticum repens L. nnajm izome ecoction diseases, vomiting .
Triticum vulgare L. Elkamh Seeds Powder Asthenia 0.03
Tviri . L Elkamh Seed Powd Anemia, convalescence, 0.03
riticum aestivum L. am ceds owder stomach pain A
Rhamnaceae . . . . . .
7i Essidra Leaves, fruits,roots| Decoction Sedative, diuretic 0.16
izyphus lotus L.
Salicaceae Populus Decoction, Respirato atholo
. P Essafsaf Aerial parts, roots >SP vop &Y 0.02
nigra L. powder urinary tract pathology
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Tamaricaceae Tamarix . . .. L
aphylla L. Etarfa Leaves twigs Decoction  |Fungicide, digestive problem| 0.04
Thymeliaceae Thymel
Y . ymetaca Elmathnan Leaves Infusion Kidney stones, laxative 0.03
hirsute L.
Decoction L
Zygophyllaceae Peganum Elharmel Aerial parts pomade, Dlgestlve pr.oblems 0.05
harmala L. . antirheumatic, fever
fumigation
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Figure 4. Number of total species per botanical family

Peganum harmala L. |
Eucalyptus globulus Labill.
Teucrium polium L. ]
Pistacia lentiscus L. |
Colocynthis vulgaris L. |
Olea europaea L. ﬁ

Nerium oleander L.

Marrubium vulgare L. 4E
Zizyphus lotus L. JE
Artemisia campestrisL. |
Stipa tenacissima L. '
—

Artemisia herba- alba Asso.

Pistacia atlantica Desf.

0 20 40 60 80 100 120

Number of citations

Figure 5. The most commonly cited medicinal plants of the study area

Preparation methods

Several medicinal plants preparation methods are used in traditional medicine to fight
the different kind of ailments such as decoction, infusion, grinding, maceration, powder
and cataplasm. Data analysis showed that infusion is the most common preparation
method used by the population studied (42.6%), followed by decoction (27.4%), powder
(13%), cataplasm 10%, fumigation (4.4%), pomade (1.6%), and plaster (1%) (Fig. 6).
This result agrees with findings of previous studies. Demi Rci and Ozhatay (2012)
reported that the infusion is generally the preparation method of choice, accounting for
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41.8% of the recorded species, followed by decoction (23.9%). However, Chaachouay et
al. (2019) found that the percentage of infusion was 53.9% followed by decoction
(22.1%). It seems to us that decoction and infusion in water are the most widely used
methods given the ease of their preparation and administration by users, as it was similarly
mentioned in other studies (Hammiche and Maiza, 2006; Benitez et al., 2010; Boudjelal
et al., 2013; Fakchich and Elachouri, 2014; Sargin et al., 2015).

= Infusion

= Decoction

= Powder
Cataplasm

= Fumigation

= Pomade

= Plaster

Figure 6. Modes of preparation

Parts of the medicinal plants used

Almost all different parts of plants were reported to be used as a drug by the traditional
healers and local people, but leaves were the most common (39.6%) (Fig. 7), followed
by the aerial part (25.6%), roots (17.4%%), fruits (7.3%), seeds (4%), flowers (2.5%), oil
(1.2%), twigs (1%), rhizome (0.5%), petals (0.5%) and 0.2% for stems. This result is
consistent with other studies that have shown that leaves are the most preferred part of
plant for the preparation of remedies. Miara et al. (2018) indicated that the leaves are the
plant part most commonly used as herbal remedies (29%). Unspecified aerial parts are
also often used (17%), as well as fruits and seeds (12 and 11% respectively). This result
might be explained by the fact that leaves are the most commonly utilized since they are
readily available. It was also shown that the respondents had a strong preference for
utilizing leaves to identify and differentiate therapeutic plants. As a result, if the leaf is a
crucial component in plant identification and has frequent and simple access, it should be
employed more than other plant parts. This conclusion is in line with the results of
Akerreta et al. (2007). Despite, it has been well established that all parts of the plants are
rich in active compounds, the local population most often uses leaves in their
preparations, which could be explained by the fact that the totality of the knowledge
acquired by the population of the region is traditional and transmitted empirically from
one generation to the next. In addition, the leaves are very abundant and their harvest is
very easy (Sargin et al., 2015; Yemele et al., 2015). Furthermore, since the leaves are
main photosynthetic organ of plants, bioactive phytochemicals are concentrated in the
leaves (Benarba et al., 2015).
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Figure 7. Distribution of the parts of the plant used

Conclusion

The ethnobotanical survey revealed that the study area has a great biodiversity with a
variety of medicinal plants and still needs more exploration. This floral richness indicates
the high potential of traditional knowledge for the development of natural derived
products as affordable medicines. In our ethnobotanical study conducted in the El
Mergueb reserve in M’sila, we obtained an interesting dataset, including the traditional
medicinal use of 46 species belonging to 23 botanical families. Asteraceae and Poaceae
were the most widely used and important families. Plants with high UV should be studied
in order to isolate the bioactive compounds and validate their popular uses. Some of the
plants reported in this study were well known phytochemically, pharmacologically, and
clinically. Thus, they can be used for the medical or pharmaceutical purposes.
Additionally, the traditional and folkloric knowledge for using medicinal plants in this
area can help to discover the potential plants for specific health problems.
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Abstract: Colometric assays were used to quantify the secondary metabolites obtained by a decoction of the extract of
Anabasis articulata (DEAA) flowers and leaves. Antioxidant activity was examined using several methods: total
antioxidant capacity, the 2,2-diphenyl-1-picrylhydrazy (DPPH) radical scavenging assay, and the B-carotene bleaching
assay. Single oral doses of 2000 and 5000 mg/kg body weight were administered to albino mice to assess acute toxicity.
In vitro antiinflammatory activity was determined using the egg albumin denaturation test, and the in vivo inflammatory
effect was assessed utilizing carrageenan, croton oil, and xylene-induced edema tests. Results showed that DEAA
contained high amounts of polyphenols, flavonoids, and tannins and exhibited antioxidant activity in all tested assays.
DEAA inhibited protein denaturation and did not cause any mortality or adverse effects. Oral administration of 200 mg/kg
DEAA significantly reduced the edema induced by carrageenan, croton oil, and xylene. This study highlights the use of
Anabasis articulata (Forssk.) Moq. in traditional herbal medicine. It possesses antioxidant activity and can be considered
safe for oral consumption; it also has potential beneficial effects in treating diseases associated with inflammation and
pain.

Keywords: Anabasis articulata (Forssk.) Moq.; polyphenols; antioxidants; acute toxicity; anti-inflammatory activity

INTRODUCTION antiinflammatory drugs (NSAIDs) are used to
mitigate inflammation. Steroids have a distinct
function in the treatment of inflammatory illnesses.
However, due to their toxicity, steroids are typically
prescribed for short durations, except in highly
critical instances where the risks are

Medications designed to treat pain and inflammation
often come with side effects and offer limited
capacity, especially in the treatment of chronic
conditions[1]. Inflammation is the reactive
condition characterized by hyperemia and exudation
from blood vessels, resulting in redness, heat,
swelling, and pain within a tissue in reaction to
physical or chemical damage or bacterial invasion
[2]. It is the body’s tissue response to injury and
involves a complex cascade of enzyme activation,
mediator release, fluid extravasations, cell
migration, tissue disintegration, and repair [3]. Both
steroidal  antiinflammatory and nonsteroidal

© 2024 by the authors
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considered acceptable. Long-term use of NSAIDs is
also linked to serious adverse effects, most notably
bleeding in the gastrointestinal tract [4]. Natural
products exhibit high effectiveness with few adverse
effects as alternatives to pharmaceutical therapies.
One promising approach to finding
antiinflammatory medications is to research plants
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utilized in conventional medicine as

antiinflammatory compounds [5].

Anabasis articulata (Forssk) Moq., commonly
known as “ajrem” in Algeria, belongs to the
Chenopodiaceae family and is a plant widely used in
traditional medicine to treat fever, headaches,
diabetes, and skin disorders, including eczema and
lice [6]. The plant is a dwarf shrub, 35-110 cm in
height. Stems are woody for about half the length or
more, erect, or twisted. Branches have equal
internodes and oppose each other; they are brittle,
with mature ones displaying bark that splits and
peels; the leaves are reduced to small 2-lobed
cupules, villous, with
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solitary flowers measuring up to 5 mm [7]. The plant
is consumed orally after decoction in water, either
by itself or in combination with other medicinal
herbs [8].

A. articulata has been reported to have
medicinal properties due to its antioxidant and
antimicrobial activities [9], antiangiogenic activity
[10], antiarthritic effect [11],and antidiabetic activity
[8,12,13]. Researchers have evaluated the effect of
another genus of the same family. Evaluations of the
antioxidant and antibacterial activities were carried
out on Moroccan Anabasis aretioides Coss. &Moq.
[14]. Atriplex Halimus Sub. Sp. Schwein furthii from
Algeria was assessed for its in vitro antioxidant
activity [15]; Agatophora alopecuroide, Hammada
elegans, Salsola baryosma, and Salsola vermiculata
were evaluated for their antioxidant, and a-amylase-
and  o-glycosidase-inhibiting  activities  [13].
Phytochemical studies of A. articulata revealed a
variety of secondary metabolites, including
phenolics [16], alkaloids [17], and saponins such as
3-O-glucopyranosyl of stigmasterol, B-sitosterol,
sitostanol, 3-O-[B-D-the glucopyranosyl] oleanolic
acid, 3-O-[B-D-glucopyranosyl -28-0-3-D-
xylopyranosyl] oleanolic acid, in addition to
proceric acid [12].

No scientific investigations have been
performed into the antiinflammatory effect and
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toxicity of the aqueous extract of the A. articulata
leaf and flower mixture obtained by decoction. In
this study, we assessed the total phenolic, total
flavonoid, and total tannin contents in this extract
andtheir safety by examining acute toxicity. In
addition, we examined the in vitro and in vivo
antiinflammatory effects.

MATERIALS AND METHODS
Ethics statement

All experimental studies were approved by the
Committee of the Algerian Association of Sciences
in Animal
Experimentation(http://aasea.asso.dz/articles/)
under Law No.8808/1988, associated with
veterinary medical activities and protection of
animal health (N°JORA: 004/1988).Permission for
experimental use was obtained from the Faculty of
Nature and Life Sciences, Ferhat Abbas University
of Setif 1. All procedures were performed in
compliance with laws and institutional guidelines.

Nomenclature

The medicinal plant used in the present study was 4.
articulata (Forssk.) Moq., commonly called “El
Ajrem”, belongs to the Chenopodiaceae family. The
plant was identified by Professor B.Oujhih, an
expert taxonomist at the Institute of Nutrition and
Agronomy, University of Batna (Algeria). A
voucher specimen was deposited at the laboratory
under the number SNV 0045-2020. Chemicals and
instruments

All analytical grade chemicals utilized in this study
were procured from E. Merck, Germany, including
the Folin-Ciocalteu reagent, sodium bicarbonate
(Na,CO0:s), gallic acid, aluminum trichloride (AICls),
quercetin, tannic acid, 2.2-diphenyl-1-
picrylhydrazyl(DPPH), butylated hydroxytoluene
(BHT), sulfuric acid, sodium phosphate, molybdate,
ascorbic acid, B-carotene, linoleic acid, Tween 40,
Tris-HCI buffer, aspirin, phosphatebuffered saline,
carrageenan, indomethacin, croton oil, xylene.
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Plant material

A. articulata was harvested in October-November
2020 from the El Mergueb natural reserve of M’sila
province (North Algeria) at 35° 42" N latitude and 4°
32" E longitude. The flowers and leaves of A.
articulata were air-dried in shade, crushed, and then
powdered using an electric grinder.

Extraction procedure

The flower and leaves mixture of A4. articulata
powder (100 g) was extracted by decoction using
1000mL of boiled distilled water according to the
method of Ferreira et al. [18]. The resulting mixture
was subjected to magnetic agitation for 20 min.
After filtration, the filtrate was evaporated to
dryness to obtain DEAA. The residue was weighed
to obtain the extractive yield and stored in an airtight
bottle at 4°C.

Animal material

Albino mice and rats (weighing between 18-30 and
120-200 g, respectively) were keptin polycarbonate
cages for7 days in standard laboratory conditions
(12 h light/dark cycle, 23+2°C with free access to
food and water) before the beginning of the
experiment. Quantitative phytochemical analysis

Determination of total phenolic content

The content of phenolic compounds in the extracts
was estimated spectrophotometrically using the
FolinCiocalteu reagent method described by Li et al.
[19].

The procedure entails the addition of 500 pL of
FolinCiocalteu reagent (diluted 10 times) to 100 pL.
of the extract or gallic acid. After 4 min, 400 pL of
7.5% sodium bicarbonate solution (Na,CO;) was
added. After 90 min of incubation in the dark at
room temperature, the absorbance was read at 765
nm. The concentration of total polyphenols was
calculated from the regression equation of the gallic
acid calibration curve at different concentrations.
The results are expressed in mg equivalent of gallic
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acid per g of dry extract (mg EAG/g DE).
Determination of flavonoid content

Quantitative determination of flavonoids was
performed using the aluminum trichloride method
[20]. Briefly, 1 mL of the AlClssolution (2%) was
added to 1 mL of the extract solution at different
prepared concentrations in the appropriate solvent.
At 430 nm, the absorbance was measured after 10
min of incubation. The concentration of flavonoids
in the extracts was deduced from a calibration line
established with quercetin and expressed in
milligram equivalents of quercetin per gram of dry
extract (mg EQ/g DE). Determination of total
tannin content

The total content of tannins in the extract was
estimated using the Folin-Ciocalteu reagent and
tannic acid as standard, according to the method
described by Prasanth et al. [21]. The reaction
mixture was made by combining 0.5mL of extract,
2.5 mL of 10% FolinCiocalteu reagent, and 2.5 mL
of 7.5% Na,CO;. The samples were incubated at
45C° for 45 min in darkness. Absorbance was then
measured at 765 nm, and the calibration curve was
established using different concentrations of tannic
acid (25-300 pg/mL). Total tannin content was
expressed as mg equivalent of tannic acid per g of
dry extract (mg TAE/g DE).

Estimation of in vitro antioxidant activity
Total antioxidant capacity

Total antioxidant capacity (TAC) was evaluated with
an assay based on the reduction of Mo (VI) to Mo(V)
by the extract and subsequent formation of a green
phosphate/Mo(V) complex at acid pH [22]. An
aliquot (0.1 mL) of plant extract was combined with
1 mL of reagent solution (0.6 M sulfuric acid, 28
mM sodium phosphate, and 4 mM ammonium
molybdate). The tubes were incubated at 95C° for
90 min in darkness. The mixture was allowed to cool
to room temperature, and the absorbance was
measured at 765 nm against a blank prepared with
one mL of the reagent solution and the appropriate
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volume of the sample’s solvent. It was then
incubated in the same manner as the other samples.

DPPH radical scavenging assay

The extract’s free radical scavenging activity was
measured using DPPH with the modified method of
Shimamura ef al. [23]. Briefly, a 0.4-mM solution of
DPPH was prepared in 100mL methanol, and 800
uL of this solution was added to 200 pL of the
sample at different concentrations. The absorbance
was determined at 517 nm after 30 min. BHT was
used as standard.

(ADS control — ADS sampic / AbS control) 18 the percentage
of radical scavenging activity;

ADbS  conrol:  Absorbance of the control
(without sample).

AbS smpie: Absorption of the extract with the reagent.
p-Carotene bleaching assay

This assay is based on the capacity of antioxidant
molecules to inhibit p-carotene oxidative
degradation caused by linoleic acid oxidative
compounds according to the method of Kartal et al.
[24]. A mixture of 0.5 mg of betacarotene, 1 mL of
chloroform, 25 pL of linoleic acid, and 200 mg of
Tween 40 was used to create a B-carotene/ linoleic
acid emulsion. Chloroform was evaporated at 40°C
using a vacuum evaporator. Afterward, 100 mL of
distilled oxygenated water was added while the
mixture was vigorously shaken. To an aliquot of 2.5
mL of this emulsion, 350 pL of DEAA or the
reference antioxidant (BHT) was added and well
mixed. The absorbance was recorded after 0, 1, 2, 4,
6, and 24 h at 490 nm. A negative control consisted
of 2.5 mL distilled water or methanol instead of
extract or reference antioxidant. All samples were
assayed in triplicate. The percentage of inhibition
was determined using the equation below:

Inhibition % = Abs ¢, / Abs (0% 100.
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where Abs ) was the absorbance of the test sample
at the given time t, and Abs () was the absorbance
of the test sample at a time t,.

Estimation of in vitro antiinflammatory activity

The protein denaturation experiment was carried
out, as reported by Bouaziz ef al. [23]. The volume
of egg white was adjusted with a buffer solution of
20 mM Tris-HC1 (pH6.8) to obtain a dilution
solution of 1:100. The solution was gently stirred for
10 min, followed by filtration. Identical volumes
were transferred to tubes, followed by the addition
of DEAA or aspirin, and the tubes were incubated at
74°C for 15 min. The absorption was measured at
650 nm, and the following % inhibition of protein
denaturation was calculated: inhibition %=
[(Abs control — Abs treated)/ Abs treated] x 100.

In vivo investigations

Acute toxicity study

The acute toxicity was assessed on mice according
to the Organization of Economic Co-operation and
Development guidelines 423 (OECD 423) [26]. The
animals were randomly divided into three groups
containing five male mice, each weighing between
18-30 g. Two treated groups were orally given a
single dose of DEAA at 2000mg/kg and 5000mg/kg
body weight, while the control group was given only
distilled water. The first day of the treatment was
taken as Day 0,and the day of sacrifice was Day 14.
Individual lots of mice were monitored for 4 h after
treatment to detect behavioral and physiological
changes in comparison to the control. Gross
behavioral and toxic effects were observed at short
intervals for 24 h, then daily for the next 14 days to
detect late effects.

The body weight of each mouse was measured
during the study period, on days 0, 7, and 14. All
mice were killed on day 14. The kidney, liver, heart,
and spleen were weighed to determine relative organ
weights and to observe macroscopic lesions. The
relative organ weight of each animal was then
determined using the formula:
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Relative organ weight = (absolute organ weight (g) /
body weight of mouse on sacrifice day (g)) x 100.

For histological examination, the liver and
kidney were fixed in 10% formalin, dehydrated in
ascending degrees of ethanol (70-100%), cleared in
xylene, and finally embedded in paraftin. Afterward,
thin sections of 5 pm were stained with
hematoxylin-eosin and examined with a light
microscope.  Digital images recorded at
20xmagnification. Antiinflammatory activity

Carrageenan-induced paw edema in rats

The antiinflammatory effect of DEAA against
carrageenan-induced acute paw edema in rats was
assessed according to the method described by Tsai
and Lin [27]. Five groups of 5 rats each were treated
with DEAA (50, 100, and 200 mg/kg per os),
indomethacin (10 mg/kg per os), and distilled water
(10mL/kg per os). One h after administration, acute
inflammation was produced by the subplantar
injection of 0.1 mL of (1%carrageenan in saline) in
the left hind paw. The thickness of each paw was
measured using a digital caliper. Measurement was
carried out at 0 h (V,: before carrageenan injection)
and 1, 2, 3, 4, 5, and 6 h after the induction of
inflammation (Vr). The difference between Vr (1, 2,
3,4, 5, and 6 h) and V, was taken as the edema
volume value. The percentages of increase were
calculated according to the following formula:

increase % = (Da-Do) / Dox 100.
Croton oil-induced ear edema in mice

The mouse ear edema was induced by topical
application of croton oil according to the method
described in [28] with slight modifications. Croton
oil was dissolved in a 5% acetone solution (v/v), and
10 uL of the solution were applied to both the
anterior and posterior surfaces of the right ear with a
micropipette. The left ear (control) received the
vehicle (acetone 80, distilled water 20 v/v). Groups
of mice (n=5) received oral doses of DEAA (100 and
200 mg/kg), wvehicle (distilled water), or
indomethacin (10 mg/kg) 1 h before croton oil
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application. Six h later, the thickness of each ear was
measured using a digital caliper, and the
antiinflammatory activity was expressed as the
percentage of edema inhibition using the following
formula:

Inhibition % = 100 x (D,—D)/D,, where D
is the difference in ear edema thickness in the treated
group, and D, is the difference in ear edema
thickness in the negative group.

Xylene-induced ear edema in mice

The xylene-induced ear edema test was carried
out according to the method of Manouze et al. [29]
with slight modifications. Briefly, each group
(5animals per group) was given by gavage one dose
(100 or 200 mg/kg) of DEAA, indomethacin (10
mg/kg), or vehicle (10 mL/kg) 1 h. The right ear’s
inner and outer surfaces were treated topically with
0.02 mL of xylene to cause ear edema. The left ear
was used as a control. One h after xylene
application, the thickness of the ear was measured
with a digital caliper. The following formula was
used to calculate the inhibition percentage of ear
edema:

Inhibition % = 100 x (D,—D)/D,, where D
is the difference inear edema thickness in the treated
group, and D, is the difference inear edema
thickness in the negative group.

Statistical analysis

Statistical comparisons were performed using Graph
Pad Prism (version 7.00 for Windows). One-way
analysis of variance (ANOVA) followed by
Dunnet’s test was used for all assays except for the
in vitro antiinflammatory effect, where the Student’s
t-test was used. Statistical data are presented as the
meanztstandard deviation (SD) with n=3, while for
in vivo experiments data are presented as the
meanzstandard error of the mean (SEM) with n=5.
A difference was considered significant when the P
value was less than 0.05.

RESULTS
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Quantitative phytochemical analysis

The mixture of the flowers and leaves of A.
articulata extracted by decoction gave a high yield
percentage (10.7%). The quantitative assessment of
polyphenols, flavonoids, and tannins were estimated
at 210.20=0.565mg GAE/g DE, 13+£0.055mg QE/g
DE and 138.27+1.442mg TAE/g DE respectively.
Estimation of in vitro antioxidant activity

For this test, DEAA had an ECs of 0.4093+0.0058
mg/ mL compared to the reference antioxidant;
ascorbic acid was noted, which proved to be more
effective  (P<0.001) with an ECsy of
0.002+0.003mg/mL. In the DPPH test, DEAA
possesses a good scavenging activity (ICso
=0.170+0.0006) compared to BHT (ICsy =
0.026+£0.0006 mg/mL). Fig. 1 shows the results of
the antioxidant activity of DEAA measured by the -
carotene bleaching test. DEAA effectively prevented
the bleaching of p-carotene (79.833%1.03%)
compared to the standard BHT (98.11£1.05%).
Results obtained from the evaluation of the
antioxidant activity of DEAA indicate that the
extract contains reductants capable of conferring
stability to the oxidant molecules.

100+ v
-~ DIAA
80 —“—\o——o BH

-~ Walter
604
Methanol

404

204

Inhibition of bleaching activity (%)

0 T T T T T T

2 4 6 24

Time (h)

Fig. 1.Antioxidant activity of the decocted extract of A.
articulata measured by B-carotene bleaching test. Bleaching
kinetics of B-Carotene in the presence of DEAA, methanol,
water, and standard BHT during 24 h. Values are presented as the
mean £SD. DEAA — extract of the flowers and leaves of A.
articulata  obtained by decoction; BHT -—butylated
hydroxytoluene.

Estimation of in vitro antiinflammatory activity

DEAA was able to prevent denaturation of albumin
in a concentration-dependent way. The percentage
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of inhibition was within arange from 29.71% to
92.17% at the concentration range of 0.0625to
0.5mg/mL (Fig. 2). Aspirin as a reference drug
exhibited a higher inhibition capacity (96.03%) at
the higher concentration for the denaturation of egg
test.

In vivo investigation

Acute toxicity study

The results of the acute toxicity study showed that
after 14 days of observation DEAA given to mice in
single doses of 2000 and 5000 mg/Kg body weight
(b.w.) resulted in no mortality or morbidity.
Moreover, the animals did not exhibit any toxic
effects or behavioral or morphological changes.

Effect on body weight and organ relative weight

The changes in the body weight of control and mice
treated with the extract of A. articulata obtained by
decoction during the 14 days of treatment are
presented in Fig. 3. The body weight gain showed
no significant difference (P>0.05) between the
control and treated groups. However, the body
weight of mice at 24, 48, 72 h, and 7 days (P>0.05)
after administration of DEAA at 5000mg/kg
exhibited a decrease but was statistically
insignificant compared to the time of initial
treatment. No significant changes were observed in
the body weights in the treated groups compared to
that of the control group, suggesting that DEAA had
no effect on the growth of mice at the oral doses
administered.

The vital organs (liver, kidneys, heart, and
spleen) of mice were weighed after 14 days of
administration at doses of 2000 and 5000 mg/kg
(Fig. 4). The liver and kidney of the group treated
with 5000 mg/kg showed a statistically significant
increase in weight (P<0.001 and P<0.01,
respectively) compared to the control group.
However, the heart and spleen showed no alteration
in weight compared to the control group (Fig. 4).

Histological analysis
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The histopathological study of the selected organs in
the acute toxicity test in mice showed no remarkable
change when comparing the treated group that
received 2000 mg/kg of DEAA and the control
group. Fig. 5 shows a normal hepatic lobule
composed of

E=3  Aspirin
100+ ) EX DEAA

60+

40+

denaturation (%)

204

Inhibition of egg albumin

0.0625

Concentration (mg/mL)

Fig. 2. In vitro antiinflammatory effect of DEAA according to the
egg albumin denaturation test. Aspirin was used as a reference
drug. DEAA — extract of the flowers and leaves of 4. articulata
obtained by decoction. Values are presented as the mean+SD
compared to aspirin. ns — no significant difference, *** P<0.001.
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Fig. 3.Body weight changes in the treated mice and their controls
at days 0, 7,and 14in the acute toxicity experiment of DEAA.
DEAA — extract of the flowers and leaves of A. articulata
obtained by decoction. Results are expressed as the
mean+=SEM(n=5). ns—no significant difference.
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Fig. 4. Relative organ weights of mice receiving DEAA after 14
days of acute toxicity experiment. DEAA — extract of the flowers
and leaves of A. articulata obtained by decoction. Results are
expressed as the mean £SEM (n = 5). ns — no significant
difference;

*P<0.05, *** P<0.001

tissues of mice treated with a single dose of 2000 and 5000 mg/kg
of DEAA. H & E stain (x20), (scale bars=100 um). H and E —
hematoxylin-eosin; A-1— Section of the liver of the control; A-2—
Section of the liver of a 2000 mg/kg DEAA-treated animal;A-3—
Section of the liver of a 5000 mg/ kg DEAA treated
representative wascharacterized byvascular congestions in the
entirety of the structure of the liver; B-1— Section of the kidney
of the control; B-2— Section of the kidney of a 2000 mg/kg
DEAA-treated animal; B-3— Section of the kidney of a 5000
mg/kg DEAA treated animal where vascular congestion was
observed. CV —central vein; H — hepatocyte; S — sinusoids; VC —
vascular congestions; LV — lymphatic vessels; G — glomerulus;
B — Bowman’s space; PCT — proximal collecting tubules; DCT —
distal collecting tubules; VC — vascular congestions.
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Fig. 6. Antiinflammatory effect of DEAA on carrageenan-
induced paw edema in rats. A — Changes in paw thickness (mm).
B — Percentage of increase of edema. DEAA — extract of the
flowers and leaves of A.articulata obtained by decoction. Results
are expressed as the meantSEM (n = 5). ns — no significant
difference, ***P<0.01 were considered significant when
compared with the untreated group.

hepatocytes arranged in hepatic cords separated by
sinusoids that drain into central vein lymphatic
vessels. The same was observed for kidneys, normal
glomerulus, Bowman’s space, proximal collecting
tubules, and distal collecting tubules (Fig. 5).
However, in the group treated with5000 mg/kg of
DEAA, the liver and kidney showed normal
structures, but with vascular congestions.

Invivo antiinflammatory activity

Carrageenan-induced paw edema
mg/kg (2.414+0.48%) compared to indomethacin-

treated group (2.77+0.37%). The effect was less
noticeable (7.49+1.43%) at 50 mg/kg.

control group. The administration of indomethacin
significantly prevented the progression of the
inflammation at the plantar level of the rat’s paw at
2 h and presented the lowest edema compared to the
control at 6h (4.72 £0.12mm). Fig. 6B illustrates that
DEAA caused a dose-dependent decrease in the
percentage of paw edema. The percentage of edema
increase after 6h in rats receiving DEAA showed a
similar effect at an oral dose of 200

Fig. 7. Antiinflammatory effect of DEAA on croton oil-induced
ear edema in mice. DEAA — extract of the flowers and leaves of
A. articulata obtained by decoction. Values are expressed as
means+SEM. ns — no significant difference, *** P<0.001 were
considered significant when compared with indomethacin.

Fig. 8. Antiinflammatory effect of DEAA on xylene-induced ear
edema in mice. DEAA — extract of the flowers and leaves of 4.
articulata obtained by decoction. Values are expressed as
means+SEM (n=5). ns — no significant difference, *** P<0.001
were considered significant when compared with indomethacin.

Croton oil-induced ear edema in mice

DEAA at doses of 100 and 200 mg/kg caused
inhibition of edema induced by croton oil in mice at
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6 h with percentages of inhibition of
68.59+0.84%and 77.58+0.64%, respectively, while
80.68+1.25%inhibition was recorded with the
nonsteroidal antiinflammatory drug indomethacin

(Fig. 7).
Xylene-induced ear edema in mice

Fig. 8. shows that DEAA at doses of 100 and 200
mg/ kg effectively reduced the edema to
70.25+£0.59% and 81.74+0.36%, respectively.
Indomethacin used as a positive control promoted an
antiinflammatory reduction to 82.98+0.36%.

DISCUSSION

Medicinal plants are widely acknowledged as a
significant source of bioactive compounds. Due to
limited research in the literature, this study
investigates the extract of 4. articulata obtained by
decoction. Here, we provide experimental findings
related to acute toxicity and antiinflammatory and
antioxidant properties. Phytochemical analysis
revealed the existence of several classes of
secondary metabolites in A4. articulata leaf and
flower extracts obtained by decoction. The yield of
DEAA extraction was 10.7%. Compared to other
species of the Chenopodiaceae family, this value
was lower than the yield of 19.87% reported for
Atriplex halimus[30]and Arthrophytum scoparium
by Dehimi et al. [15]. Many studies point out that
the percentage of extraction yield depends mainly on
the extraction procedure, in particular, the
temperature used during the extraction, the polarity
of the compounds of the extract, the solvent ratio,
and the methods of extraction (maceration,
decoction, evaporation) [31,32].

The present study revealed that the DEAA
exhibited a high concentration of phenolic
compounds (TPC=210.20+0.565 GAE/g DE).This
finding was better than that of Benhammou et al.
[33], who utilized methanolic maceration extract
from A. articulata stems (25.48+3.83 mg EAG/g DE
) and roots (19.85+7.52 mg GAE/g DE). These
results were consistent with those reported by El-
Haci et al. [34] for the endemic Algerian A.
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aretioides ethanolic maceration extract of leaves
(231.85+20.59 mg EAG/g DE). Concerning the total
flavonoid content, the A. articulata decoction
revealed13.01+0.055mg QE/g DE. Benhammou et
al. [33] reported a lower total flavonoid content for
stem and root extracts (3.08+0.20 and 3.80+0.06 mg
QE/g DE, respectively).In contrast, the ethanolic
and methanolic maceration extracts of the aerial part
(leaves) of A. aretioides showed a high amount of
flavonoid content, 132.8424.58 and 46.68+0.74 mg
CE /g DE, respectively [34]. The total tannins in our
study accounted for 138.27mg TAE/g, an amount
low compared to the Moroccan A. aretioides Coss.
&Mogq. that had 2.56+1.54 mg TAE/g DE and
5.9342.42 mg TAE/g DE for the methanolic extracts
of the aerial part and roots, respectively[35].

Research on the antioxidant capacity and
identification of secondary metabolites from
Saharan Algerian plants is scarce. Studies of the
extract obtained by decoction of flowers and leaves
of A. articulata have not been undertaken. The
antioxidant capacities of plant extracts are
influenced not only by their composition but also by
the testing conditions used [36]. For this reason, the
antioxidant capabilities of the studied extract were
evaluated using  different methods. The
phosphomolybdate method was used to determine
the total antioxidant capacity. This method is based
on the reduction of Mo (VI) to Mo (V) by the
antioxidant compound and the formation of a green
phosphate/ Mo (V) complex with a maximal
absorption at 695 nm. The study revealed that the
antioxidant activity of the leaf and flower extract
was 0.4093+0.006 mg/ mL. Benhammou et al. [33]
reported similar results in their investigation of A.
articulata (stem and root) collected from the Bechar
region (southern Algeria).

The DPPH radical scavenging method is a
common spectrophotometric technique used to
assess the antioxidant capacity of extracts. It relies
on the ability of the DPPH radical to lose its color in
the presence of antioxidants, which occurs when an
antioxidant compound donates an electron or
hydrogen to the DPPH radical[37]. The antioxidant
activity of A. articulata was found to be strong,
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exhibiting significant scavenging activity against
DPPH, with an 1Cs5,=0.1695+0.00059 mg/mL. This
value was higher than that reported by Hamdoon et
al. [38] for an ethyl acetate extract and chloroform
extract of A. articulata from Libya (246.38+4.01
pg/mL and 416.61+6.19 pg/ mL, respectively). But,
for the ethanolic extract, a similar scavenging
activity with an ICsof 149.2643.23ug/mL was
obtained. Bouaziz et al. [9] reported that extracts of
the aerial part of Tunisian A. oropediorum exhibited
a better scavenging efficiency against DPPH
radicals with an ICso of 0.70+£0.80 pg/mL, 2.23+0.38
pg/mL 3.72+0.63 pg/mL, and 1.12+0.19 pg/mL for
hexane, ethyl acetate, methanol, and water extracts,
respectively.

The B-carotene bleaching test is based on proton
transfer processes where linoleic acid, an
unsaturated fatty acid, is oxidized by reactive
oxygen species (ROS) created by oxygenation,
which will cause discoloration. Antioxidants in the
examined extracts reduce the degree of discoloration
[39]. DEAA exhibited a notable ability to inhibit the
bleaching of B-carotene over24 h when compared to
the positive control.

Results from the assessment of DEAA
antioxidant activities showed that the extract
contains reductants that can provide ROS stability.
For different types of plants, the extraction
techniques and extraction solvents have different
effects on the antioxidant activity of bioactive
chemicals. The antioxidant activity of DEAA could
be attributed to its flavonoid and phenolic contents
that act as a strong natural free radical scavenger.
Moreover, there is a positive correlation between
antioxidant activity and the content of polyphenols
[40,41].

Protein denaturation is the disruption of
proteins’ tertiary and secondary structures caused by
external stressors such as a strong acid or base, a
concentrated inorganic salt, an organic solvent, or
heat. When denatured, biological proteins lose their
biological function [42] and cause inflammatory
diseases. The ability of the decoction extract of
A.articulata to inhibit protein denaturation was
evaluated through the egg albumin denaturation
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technique. DEAA was able to inhibit protein
denaturation and had an effect close to the standard
drug at a dose of 5 mL/mg. Several investigations
have shown that the anti-denaturation effect of
DEAA may be attributable to secondary metabolites
[43,44]. Their active components, such as
polyphenols, triterpenoids, alkaloids, steroids,
sinapic acid, coumaric acid, wvanillic acid,
kaempferol, ferulic acid, and benzoic acid, exhibit
antiinflammatory activity [42,45].

Bioactive compounds derived from medicinal
plants exhibit a range of beneficial biological
properties. However, they can induce toxic effects,
resulting in systemic toxicity, nephrotoxicity, and
hepatotoxicity. Consequently, clinical complications
may arise, potentially leading to carcinogenesis and
severe infections [46]. The majority of serious side
effects result from the misuse of herbal
medications[47]. There is a lack of toxicological
research in the literature regarding the aqueous
extract of A. articulata. Therefore, we are interested
in conducting DEAA acute toxicity studies to
improve its safety in treating specific human
disorders.

In the acute toxicity study by gavage, no death
up to 14 days of the study period was observed.
There were no physical signs of toxicity even at the
highest dose of 5000 mg/kg b.w., as evidenced by
normal breathing and the absence of tremors,
convulsions, diarrhea, salivation, and paralysis in
the treated animals. This suggests that DEAA was
safe and non-toxic to mice during the monitoring
period according to the OECD categorization, and
consequently, it was calculated that the median
lethal dosage (LDso) of DEAA was greater than 5000
mg/ kg b.w. It could be inferred that compounds
from the decoction of flowers and leaves of A.
articulata extract present no acute toxicity since no
toxic effects were observed even after high-dose
administration.

No significant difference (P>0.05) was observed
in body weight gain between the control and treated
groups following DEAA administration. The extract
did not influence the mice’s weight gain throughout
the study, indicating that changes in body weight
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compared to the control group would have revealed
any potential toxicity of the extract[48]. This may be
partly explained by the fact that DEAA had no
detrimental effects on appetite or food consumption.

Organ weights are important indicators of target
organ injury and physiological disturbances [49,50].
The current study did not detect any notable
alterations in organ weight concerning the heart and
spleen. However, relative weights of the kidney and
liver exhibited a gradual increase at 5000 mg/kg,
with this rise proving significant compared to the
control group. This increase in liver relative weight
may be due to an increased metabolic response to the
extract, which may have increased hepatic activity
[51].

Histopathology examination of the liver and
kidney revealed normal hepatocytes and glomeruli,
no alteration in the structure in treated animals
compared to control except for the vascular
congestions noticed in liver and kidney tissues of
animals treated with DEAA (5000mg/kg).The
presence of congestion in the liver and kidneys may
result from a vasoconstriction action induced by the
extract on the wall of blood vessels [52].

The in vivo antiinflammatory activity of DEAA
was investigated using carrageenan-induced paw
edema, xylene-, and croton oil-induced ear edema
models. These three approaches are widely
acknowledged as pharmacological models for
evaluating the acute antiinflammatory effects of
natural medicines [53]. The edema produced in rat
feet by injection of carrageenan is mediated by
histamine and 5-hydroxytryptamine (5-HT) during
the first hour, after which the enhanced vascular
permeability is sustained by kinin release for the
next hour. From 2 to 6 h, the mediator appears to be
a prostaglandin, and its release is linked to leucocyte
migration into the inflamed location [54].
Prostaglandins  promote the production of
inflammatory exudates during tenderness. The use
of nonsteroidal antiinflammatory  medicines
(NSAID) such as indomethacin reduces the impact
of edema formation by inhibiting cyclooxygenase
activity and prostaglandin synthesis [55]. We
showed that the DEAA at 100 and 200 mg/kg
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exhibited similar effects in the 2"phase (3-6 h),
comparable to the standard drug indomethacin. The
antiinflammatory activity of the extract might act
through a mechanism that involves the inhibition of
cyclooxygenase (COX) associated with the
inflammatory cascade induced by carrageenan [56].
The inhibition of these proinflammatory mediators
by flavonoids may be one of the most important
mechanisms of their antiinflammatory activity [57].
This is also in agreement with several studies
claiming that many plants that contain chemical
compounds such as polyphenols have powerful
antiinflammatory abilities that work by inhibiting
prostaglandin pathways [58].

Croton oil is obtained from the seeds of Croton
tiglium. Externally, the oil produces topical irritation
and edema. In this test, the inflammatory response is
typically evaluated by measuring the change in ear
plug weight at a specific time point following the
application of the irritating agent [59]. Xylene is a
phlogistic agent that induces ear edema as it is
sensitive to COX inhibitors and is used to assess the
effect of NSAID substances that inhibit
prostaglandin synthesis [60]. The two tests cause
immediate irritation that leads to the infiltration of
inflammatory cells, vasodilation, accumulation of
fluid, and edema [61]. The decoction extract of A.
articulata at an oral dose of 200 mg/kg produced
significant inhibition of edema compared to
indomethacin, which is related to the release of
inflammatory mediators like substance P, histamine,
kinin-like substances, and prostaglandins produced
by increased levels of phospholipase A2 and COX-
2 [49]. The antiinflammatory activity of the extract
in the two antiinflammatory ear edema models could
be due to its phytochemical compounds, such as
polyphenols. Several plant species rich in
polyphenols, particularly flavonoids, are reported to
possess important pharmacological actions, such as
anti-inflammatory [62]. According to other studies,
flavonoids like rutin, quercetin, luteolin, hesperidin,
and bi-flavonoids yielded significant
antiinflammatory activity [63, 64], and the inhibition
of histamine may be important. Several studies have
highlighted the efficacy of polyphenols in mitigating
inflammation by reducing the release of potent
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inflammatory mediators and inhibiting crucial
inflammatory enzymes like COX and 5-
lipoxygenase. The inhibition of these mediators is
crucial in resolving inflammation and treating
chronic inflammatory conditions.[65].

CONCLUSIONS

Research has been conducted on Anabasis articulata
using different parts, such as stems and roots, to
extract with polar solvents. Nonetheless, this study
marks the first investigation into the antioxidant
effects, toxicological profile, as well as the in vitro
and in vivo antiinflammatory activity of the
decoction extract derived from the flowers and
leaves. The findings from the antioxidant and
antiinflammatory  investigations validate the
traditional use of 4. articulata. The acute toxicity
study suggests that the aqueous extract of the plant
is safe up to a dose of 5 g/kg of mice body weight
when consumed orally as a single administration.
DEAA can be considered a potential source of
natural compounds that can be incorporated into the
human diet, alongside its potential applications as
antioxidant and antiinflammatory agents.
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Abstract

Using a variety of in-vitro, in-silico and in vivo models, the aim of the present study was to investigate the antioxidant, anti-inflammatory, analgesic and anti-ulcerogenic activities
of several extracts of Anabasis articulata, a plant from the Algerian flora of arid and semi-arid regions belonging to the Chenopodiaceae family selected on the basis of an
ethnobotanical survey (n=182 respondents) conducted at the EI-Mergueb nature reserve. Identification of biomolecules, quantification of secondary metabolites and performance
of eight tests to study the antioxidant activity of the extracts: Total antioxidant capacity (TAC), DPPH - 2,2-diphenyl-1picrylhydrazyl; ABTS - 2,2'-azino-bis 3-
ethylbenzothiazoline-6-sulfonic acid, hydroxyl radical scavenging, metal-chelating hydrogen peroxide scavenging, reducing power test and B-carotene bleaching assay. In vitro
anti-inflammatory activity was attested using the ovalbumin denaturation and BSA assay for DEAA, EEAA and their fractions. Molecular docking was performed using Autodock
vina. Single oral doses of 2000 and 5000 mg/kg body weight were administered to albino mice to assess acute toxicity. The anti-inflammatory effect was assessed using the
carrageenan-induced paw edema model in rats, the croton oil-induced ear edema model and the xylene-induced ear edema model in mice. Analgesic activity was achieved by
intraperitoneal injection of acetic acid. Gastroprotective activity was assessed using ethanol-induced gastric ulceration in rats at doses of 50, 100 and 200 mg/kg p.o. for DEAA
and 200, 400 and 600 mg/kg p.o. for EEAA. The mechanistic study involved pretreatment with appropriate antagonists/inhibitors such as glibenclamide, indomethacin and L-
NAME. 46 plant species belonging to 23 botanical families were identified for the treatment of various ailments. Seven metabolites present in the n-butanol, ethyl acetate and
chloroform fractions were qualitatively identified by LC-MS-MS: anthrone, beta-carotene, butylhydroxyanisole, butylhydroxytoluene, gallic acid, myricetin and rutin. The results
showed that ChFA represents the largest quantity of total polyphenols and flavonoids. The n-butanol fraction showed the highest amount of total tannins. Quantitative evaluation
of DPPH scavenging capacity showed that the ethanolic extract was the most active with IC50 values of 0.074+0.003 mg/mL, the chloroform fraction (ChFA) had the strongest
effect in TAC, hydroxyl radical scavenging and hydrogen peroxide scavenging activity with EC50= 0.151+0.0017, IC50= 0.361+0.0087 and IC50= 1.777+0.0402 mg/mL),
however, the nbutanol fraction had the highest activity in the ABTS radical scavenging test with an IC50 of 0.021+0.0007 mg/mL. All extracts showed good inhibition of linoleic
acid oxidation. Good in vitro anti-inflammatory activity was attested using the ovalbumin denaturation and BSA assays for DEAA, EEAA and their fractions. Molecular docking
of the identified biomolecules and the reference drug (indomethacin) revealed good interaction with the inflammatory protein COX2 (3LNO). Acute toxicity testing showed that
DEAA and EEAA did not cause mortality or adverse effects. Oral administration of 100 or 200 mg/kg of DEAA and EEAA to rats and mice inhibited edema in three tests, with
good percentages for both doses of both extracts. The analgesic activity result showed a good effect compared with the standard analgesic (aspirin) for the same doses and extracts.
Oral administration of DEAA at doses of 100 mg/kg or 200 mg/kg protected the gastric mucosa against absolute ethanol. Pretreatment with L-NAME, an inhibitor of nitric oxide
synthesis, indomethacin, an inhibitor of prostaglandin production, or glibenclamide, a KATP channel blocker, reversed the gastroprotective activity of (DEAA200 mg/kg, p.o.).
DEAA effectively reduced basal gastric juice production without any effect on total acidity. The gastroprotective action of DEAA involved an increase in antioxidant enzymes
and mucus secretion. This study provides for the first time the scientific basis for the traditional use of this plant for gastro-preventive effect and supports the traditional use of
this plant to treat certain disorders linked to inflammation and oxidative stress. These results can be exploited in the pharmaceutical, food and cosmetics industries.

Key words: Anabasis articulata, Oxidative stress, Molecular docking, Acute toxicity, Inflammation, Analgesic, Gastric ulcer.

Résumé

En utilisant une variété¢ de modeles in-vitro, in-silico et in vivo, le but de la présente étude était d'étudier les activités antioxydante, anti-inflammatoire, analgésique et anti-
ulcérogéne de plusieurs extraits d'Anabasis articulata, une plante de la flore algérienne des régions arides et semi-arides appartenant a la famille des Chenopodiaceae choisis sur
la base une enquéte ethnobotanique (n=182 interrogés) menée a la réserve naturelle E1-Mergueb. L’identification des biomolécules, la quantification et de métabolites secondaires
et la réalisation de huit tests pour 1'étude de I'activité antioxydante des extraits : Capacité antioxydante totale (TAC), DPPH - 2,2-diphényl-1picrylhydrazyl; ABTS - 2,2'-azino-bis
3-¢thylbenzothiazoline-6-acide sulfonique, piégeage du radical hydroxyle, piégeage du peroxyde d'hydrogéne chélatrice des métaux, test du pouvoir réducteur et dosage du
blanchiment du B-caroténe. L’activité anti-inflammatoire in vitro a été attestée en utilisant la dénaturation de 'ovalbumine et le test BSA pour le DEAA, 'EEAA et leurs fractions.
Le docking moléculaire a été effectuer en utilisant 1’ Autodock vina. Des doses orales uniques de 2000 et 5000 mg/kg de poids corporel ont été administrées a des souris albinos
pour évaluer la toxicité aigué. L'effet anti-inflammatoire a été évalué en utilisant le modele d'cedéme de la patte induit par la carragénine chez le rat, I'eedéme de l'oreille induit par
I'huile de croton et I'edéme de l'oreille induit par le xyléne chez la souris. L'activité analgésique a été réalisée par injection intrapéritonéale d'acide acétique. L'activité
gastroprotectrice a été évaluée en utilisant l'ulcération gastrique induite par 1'éthanol chez les rats a des doses de 50, 100 et 200 mg/kg p.o. de DEAA et 200, 400 et 600 mg/kg p.o
pour P’EEAA. L'étude mécaniste a impliqué des prétraitements avec des antagonistes/inhibiteurs appropriés tels que le glibenclamide, I'indométacine et le L-NAME. 46 especes
de plantes appartenant a 23 familles botaniques ont été recensées pour le traitement de différentes affections. Sept métabolites présents dans les fractions de n-butanol, d'acétate
d'éthyle et de chloroforme ont été identifiés qualitativement par LC-MS-MS: anthrone, béta-caroténe, butylhydroxyanisole, butylhydroxytoluéne, acide gallique, myricétine et
rutine. Les résultats ont montré que le ChFA représente la plus grande quantité de polyphénols totaux, de flavonoides. La fraction n-butanol a montré la plus grande quantité de
tannins totaux. L'évaluation quantitative du pouvoir de piégeage de DPPH a montré que I'extrait éthanolique était le plus actif avec des valeurs ICso de 0.074+0.003 mg/mL, la
fraction chloroforme (ChFA) a eu l'effet le plus fort dans le TAC, le piégeage du radical hydroxyle et l'activité de piégeage du peroxyde d'hydrogéne avec ECso=0.151+0.0017,
1Cs0= 0.361+0.0087 et IC50= 1.777+0.0402 mg/mL), cependant, la fraction n-butanol a eu la plus grande activité dans le test de piégeage du radical ABTS avec un ICso de
0.021+0.0007 mg/mL. Tous les extraits ont montré une bonne inhibition de l'oxydation de l'acide linoléique. Une bonne activité anti-inflammatoire in vitro a été attestée en utilisant
la dénaturation de I'ovalbumine et le test BSA pour le DEAA, I'EEAA et leurs fractions. L’amarrage moléculaire des biomolécules identifi¢ et le médicament de référence
(’indométacine) a révélé une bonne interaction vis a vis la protéine inflammatoire COX> (3LNO). Le test de toxicité aigué a montré que DEAA et EEAA n'ont pas provoqué de
mortalité ou d'effets indésirables. L'administration orale de 100 ou 200 mg/kg de DEAA et d'EEAA a des rats et & des souris a inhibé I'eedéme dans trois tests avec un bon
pourcentage pour les deux doses des deux extraits. Le résultat de 1’activité analgésique montre un bon effet comparé a I'analgésique standard (I’aspirine) pour les mémes doses et
extraits. L'administration orale de DEAA a des doses de 100 mg/kg ou 200 mg/kg a permis de protéger la muqueuse gastrique contre I'éthanol absolu. Le prétraitement par le L-
NAME, un inhibiteur de la synthése de l'oxyde nitrique, 'indométacine, un inhibiteur de la production de prostaglandines, ou le glibenclamide, un bloqueur du canal KATP, a
inversé l'activité gastroprotectrice de (DEAA200 mg/kg, p.o.). La DEAA a réduit efficacement la production basale de suc gastrique sans aucun effet sur I'acidité totale. L'action
gastroprotectrice de la DEAA a impliqué une augmentation des enzymes antioxydantes et de la sécrétion de mucus. Cette étude fournit pour la premiére fois les bases scientifiques
de l'utilisation traditionnelle de cette plante pour I’effet gastro-préventif et soutient l'utilisation traditionnelle de cette plante pour traiter certains troubles liés a l'inflammation et
au stress oxydatif. Ces résultats peuvent étre exploités dans le domaine des industries pharmaceutiques, alimentaires et cosmétiques.

Mots clés : Anabasis articulata, Stress oxydatif, Docking moléculaire, Toxicité aigué, Inflammation, Analgésique, Ulcére gastrique.
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