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Abstract

The present study aims to perform the valorization of natural resources widely used in folk
medicine and also aimed to chemical analysis and assess the in vitro cytotoxic and antioxidant
properties, as well as evaluate the anti-acetylcholinesterase and anti-butyrylcholinesterase, anti-
tyrosinase, anti-a-amylase, and anti-o-glucosidase activities of decocted (ADE), hydro-
methanolic (AME); hydro-ethanolic (AEE); hydro-ethylacetate (AEAE) and hydro-
chloroformic (ACHE) extracts from an important plant of the Algerian flora named Achillea
odorata L. moreover, studies in vivo were realized on gastric emptying, intestinal motility and
gastro-protective effects of the ADE and AME, in addition to the evaluation of the acute
toxicity. The phytochemical analysis identified nine common compounds within the plant
extracts: protocatechuic acid, chlorogenic acid, p-hydroxy benzoic acid, coumarin, rutin, ellagic
acid, rosmarinic acid, myricetin, and luteolin. A. odorata L. extracts showed diverse activity
levels against the lung cancer cell line H1299, resulting in the inhibition of cellular proliferation
ranging from moderate to notably effective. No toxic effects at 2000 mg/kg and 5000 mg/kg
were observed in mice, confirming the safety of this plant. The antioxidant properties
of A. odorata L. extracts were determined using DPPH, ABTS scavenging, [-carotene
bleaching, reducing power, and metal chelating activity assays. All extracts showed high
antioxidant capacity with the best performance in AME in the majority of tests. most extracts
examined in this study displayed moderate enzymatic inhibitory activity. The best activity was
recorded with AEAE in all tests. ADE and AME induced significative intestinal transit delay
in mice to 28.80 % and 42.47 % respectively, the effect of both extracts may be related to the
nitric oxide (NO) and the cyclooxygenase pathways. Moreover, it was found that both extracts
ADE and AME induced a significant delay in gastric emptying to 42.81% and 48.89%,
respectively. This effect may involve NO and the cyclooxygenase pathways in ADE effect and
only cyclooxygenase pathways in AME gastric emptying effect. Treatment of rats with different
doses of ADE and AME induced a significant protection of gastric mucosa against ethanol-
induced ulceration 100%, This protection may be related to the augmentation of levels of gastric
mucus and reduction in gastric mucosal stress. Moreover, the gastroprotective effect of ADE
may potentially involve the activation of the NO pathway. The findings of this study highlight

promising health benefits of A. odorata L. for the gastrointestinal tract disorders.

Key words: A. odorata L., antioxidant activities, anti-enzymatic activities, gastric emptying,

intestinal transit, ethanol induced gastric ulcer.



Résumé

La présente étude vise a valoriser les ressources naturelles largement utilisées en médecine
populaire, ainsi a I’analyse chimique et a évaluer les propriétés cytotoxiques et antioxydantes in vitro,
ainsi qu'a évaluer les activités anti-acétylcholinestérase et anti-butyrylcholinestérase, anti-tyrosinase,
anti-a-amylase et anti-a-glucosidase des extraits décocté (ADE), hydro-méthanolique (AME), hydro-
éthanolique (AEE), hydro-éthylacétate (AEAE) et hydro-chloroformique (ACHE) d'une plante
importante de la flore algérienne nommée A. odorata L. De plus, des études in vivo ont été réalisées sur
la vidange gastrique, la motilité intestinale et les effets gastro-protecteurs de I'ADE et de I'AME ainsi
que I'évaluation de la toxicité aigué. L'analyse phytochimique a permis d'identifier neuf composés
communs dans les extraits de la plante : l'acide protocatéchuique, lI'acide chlorogénique, l'acide p-
hydroxy benzoique, la coumarine, la rutine, I'acide ellagique, l'acide rosmarinique, la myricétine et la
lutéoline. Les extraits d'A. odorata L. ont montré divers niveaux d'activité contre la lignée cellulaire de
cancer du poumon H1299, entrainant une inhibition de la prolifération cellulaire allant d'une efficacité
modérée a une efficacité notable. Aucun effet toxique n'a été observé chez la souris a 2000 mg/kg et
5000 mg/kg, ce qui confirme l'innocuité de cette plante. Les propriétés antioxydantes des extraits d'A.
odorata L. ont été déterminées a l'aide d'essais de piégeage DPPH, ABTS, de blanchiment du 3-caroténe,
de pouvoir réducteur et d'activité de chélation des métaux. Tous les extraits ont montré une capacité
antioxydante élevée, AME étant le plus performant dans la majorité des tests. La plupart des extraits
examinés dans cette étude ont montré une activité inhibitrice enzymatique modérée. La meilleure
activité a été notée avec I'AEAE dans tous les tests. L'ADE et 'AME ont induit un ralentissement
significatif du transit intestinal chez les souris de 28,80 % et 42,47 % respectivement, l'effet des deux
extraits pouvant étre lié aux voies de I'oxyde nitrique (NO) et de la cyclo-oxygénase. En outre, il a été
constaté que les deux extraits ADE et AME induisaient un retardement significatif de la vidange
gastrique de 42,81% et 48,89%, respectivement. Cet effet peut impliquer le NO et les voies de la cyclo-
oxygénase dans l'effet de I'ADE et seulement la voie de la cyclo-oxygénase dans I'effet de vidange
gastrigue de I'AME. Le traitement de rats avec différentes doses d'’ADE et d'AME a induit une protection
significative de la muqueuse gastrique contre l'ulcération induite par I'éthanol 100%. Cette protection
peut étre liée a l'augmentation des niveaux de mucus gastrique et a la réduction du stress de la muqueuse
gastrigue. En outre, I'effet gastro-protecteur de I'ADE peut potentiellement impliquer l'activation de la
voie du NO. Les résultats de cette étude mettent en évidence des bénéfices potentiels de A. odorata L.

pour la santé concernant les troubles du tractus gastro-intestinal.

Mots clés : A. odorata L., activités antioxydantes, activités anti-enzymatiques, vidange

gastrique, transit intestinal, ulcére gastrique induit par I'éthanol.
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Introduction

Medicinal plants play a significant role in the healthcare system, embodying a rich history
of human interaction with the natural world. Traditional medicine has relied on plants that
embrace a diverse array of substances capable of addressing both chronic and infectious
ailments. Many of today's modern pharmaceuticals have their origins in these medicinal plants.
Despite the profound therapeutic benefits possessed by certain medicinal plants, it has been
discovered that some of their constituents may potentially be toxic. Therefore, evaluating the
toxicity of extracts from any medicinal plants intended for use in humans and animals is of

utmost importance.

Oxidative stress, often defined as the excessive generation and inadequate removal of highly
reactive molecules like reactive oxygen species (ROS), can lead to the overproduction of these
free radicals. This, in turn, can result in oxidative damage to vital biomolecules such as lipids,
proteins, and DNA. Such damage stands as a central contributor to numerous chronic diseases
affecting the human population, including aging-related conditions, metabolic disorders such
as diabetes and neuro-degenerative disorders like Alzheimer (Halliwell, 1994; Poulsen et al.,
1998). Medicinal plants and plant-derived products can encompass a diverse array of molecules
that excel in scavenging free radicals. These molecules include phenolic compounds like
phenolic acids, flavonoids and tannins. These phenolics exhibit potent antioxidant properties
and are known for their ability to scavenge radicals, chelate metals, act as reducing agents and
quench singlet oxygen (Vonaet al., 2021). According to Atta-ur-Rahman et al., (2002), regular
antioxidants have the potential to stop or slow down the deterioration of neurons, which could
potentially hinder the progression of Alzheimer's disease. This disease is a severe form of
dementia, and the use of acetylcholinesterase (AChEI) and butyrylcholinesterase inhibitors
(BChEI) is the preferred and highly desirable modern therapeutic approach. However, most of
these medications can cause cardiac arrhythmia (bradycardia) and toxic effects in the liver,
stomach, and intestines. Therefore, there is a desire to improve and utilize safe natural
anticholinesterases and antioxidants. Moreover, the treatment of diabetes focus on molecules
that inhibit the body's ability to assimilate glucose either by acting on sugar-degrading enzymes,
or by regulating the absorption and transport of the simple sugars formed. Controlling the
activity of these diabetic enzymes (alpha-amylase and alpha-glucosidase is a crucial aspect of
diabetes treatment (Mechchate et al., 2021). However, the treatment of diabetes with drugs like
acarbose is no longer considered safe and free from side effects. On the other hand, secondary
metabolites from medicinal plants are recognized as inhibitors and modulators of the activity
of these enzymes (Wink, 2015).



Introduction

The digestive system plays a vital role in meeting the body's nutritional requirements,
including sugars, proteins, vitamins, water, and electrolytes, through the performance of several
crucial functions. Any disruption or imbalance in these functions can give rise to a range of
diseases. Among these disorders: gastric ulcer and gastrointestinal (GI) motility disorders.
Gastric ulcer is one of the most prevalent conditions impacting the digestive system resulting
from the erosion of the protective mucous layer of stomach that can cause persistent pain and
discomfort. These ulcers often result from a combination of factors, including the presence of
Helicobacter pylori (H. pylori) bacteria, excessive stomach acid production, and lifestyle
choices like alcohol consumption or excessive use of nonsteroidal anti-inflammatory drugs
(NSAIDs). Ulcers represent an ailment that can be easily acquired yet proves to be challenging
to cure. Their impact on human health is substantial, with potential consequences even
including fatality. Its therapy might be complicated at times, contingent on the specific
causative factors and the unique ulcer conditions. Moreover, modern medical treatments often
come with a hefty price tag, placing a financial burden on patients and are often associated with
undesirable side effects, Therefore, in Algeria and other countries, people have made diligent
efforts to explore alternative solutions that are safer, more cost-effective, efficient, and reliable.
Medicinal plants are among the potential options due to their content, which offers an abundant
source of substances with a wide range of biological and pharmacological activities (Amira et
al., 2012; Benchikh et al., 2016).

Achillea Genus (yarrow) is one of the youngest evolutionary genera of the Asteraceae
family, which is present throughout the world (Farajpour et al., 2012). More than 100 species
have been recognized in this genus (Goli et al., 2008). Yarrow is a perennial herb and well-
known medicinal plant, widely used in folk medicine (Bimbiraité et al., 2008). These plants are
native to Europe, North Africa and western Asia but are also found in Australia, New Zealand,
and North America (Gharibi et al., 2013). Whereas Achillea odorata L. (A. odorata L.) belongs
to the genus Achillea. Limited research has been dedicated to exploring these plants and their
valuable contributions to the healthcare system. The key aims of this study were to establish
the scientific foundation for assessing the potential of these plant extracts in the treatment of

various diseases by:
1. Analyzing the phytochemical constituents.

2. Evaluating in vitro antioxidant properties using various methods.
3. Evaluating their inhibitory effects on key enzymes associated with Alzheimer's,

hyperpigmentation and diabetes mellitus.



Introduction

Conducting acute oral toxicity tests in vivo and assessment the cytotoxicity of these
extracts on cancer cell lines.

Investigating their impact on GI motility and the underlying mechanisms.

Assessing their ability to protect the gastric mucosa against ethanol-induced ulceration

and understanding the mechanisms involved.
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1. Oxidative stress

Oxidative stress is an imbalanced state between free radicals (ROS) and antioxidants due to
excessive generation of ROS or insufficient antioxidant defense. Free radicals are unstable
molecules, with one or more unpaired electrons in the backbone cycle, and can be oxygen,
nitrogen, or other reactive species. In mitochondria, ROS Generation is facilitated primarily by
electron transport chains and oxidative phosphorylation. Other enzymes contribute to ROS
construction, where xanthine Oxidase, lipoxygenase, irrigated nitric oxide (nos), and
nicotinamide adenine dinucleotide phosphate oxidase (Nox) (Gordan et al., 2020; Martemucci
et al., 2022; Zhang et al., 2022) (Figure 1).
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Figure 1. Sources of ROS and/or RNS generation (Teresa et al., 2012).

Environmental variables such as smoking, environmental toxins, UV radiation, xenobiotics,
and alcohol can also contribute to ROS production. These factors interact with endogenous

factors or enzymes to increase ROS formation (Aranda-Rivera et al., 2022).

ROS/RNS damage DNA, causing oxidative stress. These highly reactive molecules can
modify and break the DNA strands, contributing to genetic mutations and potential disruptions
in cellular function. (Kelainy et al., 2019). Oxidative stress can disrupt the membrane's lipid
bilayer, leading to lipid peroxidation and increased tissue permeability. This can inactivate
receptors and enzymes, making cellular proteins inactive (Bumrungpert et al., (2018). Lipid

peroxidation products, including isoprostanes and thiobarbituric acid, are detectable in the
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exhaled breath condensate, bronchoalveolar lavage fluid, and lungs of individuals who smoke

or patients with chronic obstructive pulmonary disease (Ito et al., 2019).

Proteins are susceptible to oxidation due to the fragmentation of peptide chains, changes in
electrical charge, cross-linking, and oxidation of specific amino acids. Metal-catalyzed
oxidation affects enzymes with metals on or near their active sites, inhibiting their activity
(Jamdade & Bodare, 2022).

Antioxidants, such as superoxide dismutase (SOD), catalase (CAT), GSH peroxidase (GPx),
and GSH reductase (GR), play a crucial role in combating oxidative stress. SOD catalyzes the
quick dismutation of Oze, lowering the risk of *OH production in metal-catalyzed processes.
Catalase degrades H.O by switching between two conformations, converting millions of
hydrogen peroxide molecules into water and oxygen per second. GPx detoxifies H.O> and other
H20, produced by oxidation of cholesterol or polyunsaturated fatty acids. GSH reductase, an
essential cellular antioxidant, converts NADP* to NADPH, providing oxidative stress
(Ighodaro & Akinloye, 2018; Dumanovi¢ et al., 2021; Aranda-Rivera et al., 2022; Sadig, 2023)
(Figure 2).
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Figure 2. Major antioxidant enzyme defenses (Teresa et al., 2012).

Nonenzymatic antioxidants are low molecular weight compounds found in plants, including
vitamins C, E, carotenoids, uric acid and polyphenols. Water-soluble vitamin C exerts
antioxidant activity by scavenging oxygen free radicals. Vitamin E, a fat-soluble form, is the

main protector against oxidant-induced tissue damage, carotenoids in water-insoluble cell
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membranes, a compound found in plants, are powerful anti-inflammatory at low oxygen partial
pressures and can regulate transcription factors and prevent oxidant-induced activation (Ribeiro
et al., 2018; Irato & Santovito, 2021; Jurado-Campos et al., 2021).

A significant portion of plant secondary metabolites includes polyphenols, flavonoids,
phenolic acids, tannins (water soluble), stilbenes and lignans. Phenolic acids are hydroxy
derivatives of carboxylic acid formation fragrance, whereas flavonoids are low molecular
weight molecules with a C6-C3-C6 structure. Due to their high-redox- capacity, they are
important antioxidants because of their ability to act as reducing agents, hydrogen donors, and
singlet oxygen quenchers. They are associated with diseases such as prostate and breast cancer
that decreases with regular consumption relationship (Robbins, 2003; Rudrapal et al., 2022)
(Figure 3). Tannins, with a medium to high molecular weight of up to 30,000 Da, exert
inhibitory effects on the solubility and digestion of Gl peptides and proteins. Additionally, they
contribute to the reduction of lipid peroxidation. Furthermore, tannins exhibit toxicity towards
yeasts, fungi, and bacteria. Condensed tannins and hydrolyzable tannins are the two main

subgroups of plant tannins (Figure 3)(Tong et al., 2022).
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Figure 3. Main classes of polyphenols: flavonoids, non-flavonoids (phenolic acids, lignans,
stilbenes) and tannins (Serra et al., 2021).
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1.1. Antioxidant and Alzheimer

Alzheimer's disease (AD) is characterized by the presence of neurofibrillary tangles (NFTSs)
and amyloid-p peptides (AB), which contribute significantly to the progressive cognitive
decline observed in affected individuals (Ahsan, 2022). In the early stages of AD, there is a
notable reduction in hippocampal and basal forebrain neurons, including cholinergic neurons.
This alteration in neurotransmitter systems, particularly the cholinergic system, plays a pivotal

role and can lead to psychosis when cholinergic neurons are lost (Kumar et al., 2018).

Therapeutic approaches for Alzheimer's disease primarily target cholinergic factors,
reflecting the central involvement of the cholinergic system in the disease pathology. The
prevalence of AD is influenced by various factors, including age, genetic, medical conditions,
environmental, and lifestyle factors (Schliebs & Arendt, 2011). While a definitive cure remains
elusive, ongoing research aims to improve early detection methods and develop effective
treatments (Winek et al., 2021).

The pathophysiology of AD involves oxidative stress, contributing to increased protein
oxidation, glycoxidation, lipid peroxidation, and toxin production. Despite the absence of a
known cure, combination therapies have shown promise in halting disease progression (Collins
et al., 2022). Continuous efforts in research and development are critical for advancing our
understanding and enhancing the management of Alzheimer's disease (Schliebs & Arendt,
2011, Winek et al., 2021).

Recent studies have explored the potential benefits of plant polyphenols in managing
neurodegenerative diseases, including Alzheimer's disease (AD). These compounds are
believed to have a positive impact on AD development through various biological mechanisms,
including effects on cellular signaling networks, gene expression, connectivity, and intelligence
(Taqui et al., 2022).

1.2. Antioxidant and Diabetes

Food consumption increases sugar levels, resulting in more insulin secretion, which
increases glucose uptake, bio-turnover and storage in muscle and fat cells. Insulin inhibits
glucagon secretion, decreases blood cholesterol levels, conserving glucose and reducing the
amount produced by the liver. Insulin deficiency or insulin resistance can lead to intracellular
hypoglycemia and extracellular hyperglycemia, resulting in hyperglycemic coma and osmotic
diaresis (Ozougwu et al., 2013; Cecilia et al., 2019; Tomic et al., 2022).

There is evidence to suggest that oxidative stress has a role in the etiology of both type 1 and

type 2 diabetes. Free radical generation in diabetes causes oxidative stress, which damages
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enzymes, mitochondrial impairment and cellular functions and also increases insulin resistance.
(Bhatti et al., 2022; Vassalle & Gaggini, 2022).

Antidiabetic drugs such as acarbose, miglitol, and voglibose work by inhibiting carbohydrate
digestion and absorption. Polyphenols, which inhibit carbohydrate hydrolases, have been
suggested as potential alternatives to commercial hypoglycemic agents. They can modulate
postprandial blood glucose levels, inhibit starch digestion and reduce symptoms of diabetes
(Singh, 2014; Agarwal & Gupta, 2016).

Plant extracts such as grape extract and green tea extract have been shown to be useful in
treating diabetes. Grape extract has been shown to reduce postprandial hyperglycemia and
inhibit mammalian pancreatic a-glucosidase activity in streptozotocin-treated rats. The
combination of green tea extracts and acarbose has shown synergy (Gu et al., 2015; Sun et al.,
2020).

2. Digestive system

The digestive tract, a muscular tube crafted for the absorption and digestion of food and
liquids, commences in the oral cavity and traverses different anatomical regions. Including the
esophagus, stomach, duodenum, small and large intestines, rectum, and anal canal.
Additionally, the digestive system features auxiliary glands that release enzymes and fluids

essential for the process of digestion and nutrient transport (Johnson, 2006; Olsson, 2011).

The digestive tract structure involves four components; the mucosa, the submucosa, the
muscularis externa, and the serosa. The mucosa is made up of an epithelial layer that is in direct
touch with the contents of the digestive tract lumen. The epithelium of the digestive tract at
various stages either digests food enzymatically or absorbs the nutrients that are produced
(Ganong et al., 2010). the submucosa, a thick layer of connective tissue, contains nerve tissue
in addition to arteries, veins, and lymphatics. The muscularis externa, which encircles the
submucosa, is made up of two layers of muscle: an inner layer in which the smooth muscle cells
are positioned longitudinally along the GI tract and an outer layer in which they are positioned
circumferentially around the digestive tract (Patton & Thibodeau, 2018). The adventitia, the
digestive tracts outermost layer, is made of connective tissue and contains fat, blood vessels,

and nerves (Yang et al., 2022) (Figure 4).
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Figure 4. Wall of the gastrointestinal tract (Patton & Thibodeau, 2018).

The gastrointestinal (GI) tract's innervation is responsible for many aspects of digestion,
including motility, secretion, absorption, and blood flow. There are two types of innervation:
intrinsic (enteric) primarily within the digestive wall and extrinsic with neurons cell bodies
located outside the digestive wall (Bohorquez et al., 2015).

Intrinsic innervation including sensory neurons, responsible for detecting chemical stimuli,
located between two membranes. And motor nervous system can be divided into two regions;
the menteric plexus and the Meissner plexus. These plexuses receive axons that transmit signals
to the nervous system while also receiving inputs from the extrinsic nervous system
(sympathetic and parasympathetic) as mentioned by Boesmans et al., (2015) (Figure 5).

Interneurons exist between motor neurons and the extrinsic nervous system, helping keep
motor activity coordinated.

There are two types of extrinsic innervation: sympathetic and parasympathetic. The extrinsic
nervous system indirectly controls the smooth muscle by acting on the neurons of the enteric
nervous system (Furness & Sanger, 2002; Schemann et al., 2008).

The digestive parasympathetic neural system consists of two contingents: one bulbar and
one sacral. The enteric nervous system's plexuses, excitatory and inhibitory motor neurons,
form synapses where parasympathetic fibers form synapses. The parasympathetic system
primarily has an excitatory role at both ends of the digestive tract, particularly in vomiting and
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defecation (Niu et al., 2020). Postganglionic sympathetic fibers act as inhibitors and are
implicated in various reflexes, both digestive and non-digestive. They work by inhibiting
synaptic transmission and are mediated by noradrenaline. The sympathetic nervous system has
an excitatory function at the sphincter level, with postganglionic sympathetic neurons, having
serotonin (5-HT) receptors that affect how neuromediators are released by the postganglionic
fibers (Brookes & Costa, 2003) (Figure 5).
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Figure 5. Intrinsic and extrinsic nerve innervation of gastrointestinal tract (Uesaka et al., 2016).

(A)Schematic diagram showing different types of extrinsic neurons projecting to the gut. Postganglionic
sympathetic neurons (blue) project to the gut to regulate secretion, gut motility, and blood flow. Parasympathetic
extrinsic neurons (pink) in the brainstem and sacral spinal cord run through the vagus and pelvic nerves,
respectively, to innervate the gut. Vagal afferent neurons (green) in the nodose and inferior jugular ganglia and
spinal afferent neurons (green) in the dorsal root ganglia receive sensory information from the gut. The
gastrointestinal tract is composed of two major ganglionated plexuses, myenteric and submucosal plexuses. (B)

Sympathetic (blue) and parasympathetic (pink) innervation of the gastrointestinal tract through vagal, sympathetic
pelvic pathways.

2.1. Gastro-intestinal motility

For living vertebrates, eating, digesting food, and absorbing nutrients through the Gl tract

wall are basic physiological processes. The GI system serves as the entrance way for food, and
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it is widely recognized that GI motility impacts eating behavior favorably and helps to maintain
energy balance. In general, smooth muscle contractions mediated by extrinsic parasympathetic
and sympathetic neurons, intrinsic enteric sensory and motor neurons, and certain GI hormones
modulate Gl motility in vertebrates. As a result, three different centers of control were

implicated (Svorc et al., 2001):

e Myogenic control: The intrinsic rhythm of the GI musculature. The interstitial cells of
Cajal (ICC), which operate as a pacemaker, set the rate at which this rhythm is largely

produced by slow waves, a characteristic of GI smooth muscle.

o Hormonal regulation: Cholecystokinin, gastrin, and secretin, among many others, are

used for a variety of purposes.

e Neural control, which includes the autonomic nervous system and the Gl's intrinsic
enteric nerve system (Furness et al., 2014).

Motility, secretion, digestion, and absorption are the four main functions of the Gl tract that
must all be accomplished for it to operate properly. The primary emphasis of this activity will
be neural regulation, especially the physiological operation of the enteric nervous system and
the autonomic nervous system and any disease that may be present (Furness et al., 2014).
2.1.1  Gastric emptying

The movement of the stomach'’s contents into the duodenum is known as gastric emptying.
Peristaltic waves, antrum systolic contractions, and stomach shrinkage are the three processes
that make this possible (Figure 6). Smaller items usually empty more quickly than bigger ones,
and liquids usually do so faster than solids. The stomach emptying rate is a meticulously
controlled procedure with several stages. A balanced emptying of the stomach'’s contents into
the duodenum for small intestine absorption is made possible by metabolic load, brain

regulation systems, and hormonal impact (Maisiyiti & Chen, 2019).
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Figure 6. Gastric emptying process (Sherwood, 1993).

2.1.1.1 Gastric emptying during the digestive period

Fundic compliance rises when the meal is digested and the stomach fills, allowing for the
accommodation of a significant amount of food without an increase in pressure. The peristaltic
and pressure pumps do not contract during this filling phase and remain inhibited. A pumping
phase follows the filling phase and is characterized by increased peristaltic contractions in the
peristaltic stomach and a gradual tonic contraction of the fundus. This enables the transport of
ingested food to the pylorus after combining with stomach acid and pepsin. For recycling, the
peristaltic pump also takes food that is not well pulverized. Before food starts to reach the
duodenum, the antrum must fill to a particular point. This is reflected as the lag phase on the

whole stomach-emptying curve (Pal et al., 2007).

Together with the stomach's reduced curvature, the stomach creates the "Magenstrasse,"” a
functional tunnel that diverts liquids away from the main stomach and into the duodenum (Pal
et al., 2007).

Contractions that intensify in the antrum transport the tenderized food into the pyloric
grinder. To take food from the proximal antrum, the pylorus relaxes (Yuan et al., 2001). Pyloric
contractions cause an anterograde jet of chyme into the duodenum and a strong retrograde jet
of food that avoids pulverization. These occurrences are consistent with the antropyloric
pressure waves on intraluminal manometry, which are closely related to a pulsatile flow into

the duodenum and "sieving function” (Ramkumar & Schulze, 2005).
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Isolated pyloric pressure waves on intraluminal manometry in humans are a result of the
pyloric sphincter closing completely, which shuts down gastroduodenal communication. Slow
or quick stomach emptying is caused by improved or compromised pressure pump relaxation,
respectively. Poor mixing and sluggish stomach emptying result from weak or disorganized
peristaltic pump contractions, whereas quick gastric emptying of the digestible solids results
from stronger peristaltic contractions (Bharucha et al., 2011).To control stomach emptying, the
pyloric sphincter and the duodenum collaborate well. The pyloric complex can help or hinder
stomach emptying during the digesting phase because it functions as both a grinder and a
flexible filter. Antral contractions cause the duodenum to relax, a process known as
"antroduodenal coordination." The duodenal bulb contracts to discharge the chyme in a constant
flow into the second part of the duodenum after absorbing chyme injections (Pal et al., 2007).

2.1.1.2 Gastric emptying in the inter- digestive period

Gastric motility during the inter-digestive (fasting) interval is intended to rid the stomach of
leftovers that can't be digested. The migrating motor complex (MMC), a cyclical motor activity,
is what gives it its distinctive characteristics. The MMC consists of four segments. Phase I lasts
for around 45-60 minutes and is characterized by electrical slow waves that are not connected
to muscle contractions in the peristaltic pump. Tonic suppression of the motor activity is what
causes motor quiescence. Phase Il is characterized by slow waves and regular phasic
contractions. Phase 111 (also known as the "activity front™) is characterized by a front of long-
lasting, high-amplitude contractions that advance toward the pyloric sphincter over the course
of 5-15 minutes. Phase Il of the MMC is independent of the slow waves and is neurally
mediated. The pylorus and duodenum remain untense and open during the migration front to
let phase Il activity to remove meal remnants from the stomach (Deloose et al., 2012).
According to Mazzuoli et al., (2008), vagal stimulation completely eliminates stomach motor
and neurohormonal activity during the digestive and inter-digestive phases.

2.1.1.3 Neurol and hormonal regulation

The preparation of ingested food into chyme and controlled distribution into the small
intestine, known as gastric emptying, are the two main jobs of the stomach. Two notable
properties of gastric emptying were previously found by studies: (a) the capacity to control the
time and rate of emptying of ingested food with varying physical compositions; and (b) the
capacity to control emptying based on the caloric density of food (Kar et al., 2015). The activity
of various anatomical components of the stomach was merged to construct functional

"peristaltic™ and "pressure” pumps as well as a grinder-filter that played clearly defined roles in
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gastric emptying, according to studies on the biomechanics of this process. In stomach
emptying of solids, the peristaltic pump plays a major role (Murthy, 2006; Hinshaw et al.,
2014).

Multiple neuronal and hormonal mechanisms control gastric emptying (Phillips et al., 2015).
The vagus nerve, which receives extrinsic inputs from the central nervous system, and enteric
nerves, which receive intrinsic modulation, are both involved in the neural control of stomach
emptying. In the upper GI system, the vagus nerve's extrinsic or parasympathetic input is
particularly significant. By releasing excitatory neurotransmitters like acetylcholine (ACh) and
inhibitory neurotransmitters like nitric oxide (NO), the vagus nerve transmits information
through a complex circuitry made up of both afferent and efferent components (Travagli &
Anselmi, 2016).

The intrinsic route modulates responses by releasing both excitatory and inhibitory
neurotransmitters, as well as ascending and descending enteric neurons. There may be more
durable endocrine-mediated processes than these neuronally mediated effects. Amylin,
cholecystokinin, glucagon-like peptide-1, and peptide Y'Y are examples of hormones that slow
gastric emptying, whereas ghrelin and motilin are examples of hormones that speed up gastric
emptying (Santacruz et al., 2017; Summers et al., 2014).

2.1.2  Intestine motility

Two different forms of contractions are made possible by intestinal motility: intestinal
segmentation (chyme churning in the gut) and peristalsis. Intestinal transit, digestion, and
nutritional absorption are all directly impacted by the timing and pattern of these contractions
(Sanderson et al., 2017).

As a result of peristaltic and other contractions regulated by the fundamental electrical
rhythm (BER), MMCs that normally move down the gut at regular intervals during a fast are
replaced (Hasler, 2009; Barrett et al., 2018). The average number of BER cycles per minute in
the small intestine is 12 in the proximal jejunum and 8 in the distal ileum. Peristaltic waves,
segmentation contractions, and tonic contractions are the three different forms of smooth
muscle contractions. It moves the chyme (intestinal contents) towards the direction of the big
intestines. By moving the chyme and increasing its exposure to the mucosal surface,
segmentation contraction. The focal increases in Ca?* inflow that trigger these contractions
cause waves of elevated Ca?* concentration to radiate out from each point. Tonic contractions,
which are relatively long-lasting contractions, effectively divide the gut into separate segments.

These latter two types of contractions cause the small intestine to transit more slowly, resulting
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in a transit time that is longer in the fed condition than in the fasting state. This promotes
absorption by enabling prolonged interaction between the chyme and the enterocytes (Barrett
et al., 2018).

2.1.3  Neurotransmitter involved in gastrointestinal motility

2.1.3.1 Nitric oxide

Nitric oxide (NO) is a Non-adrenergic non-cholinergic (NANC) neurotransmitter of the central,
peripheral, and enteric neural systems, according to Li et al., (2022). It is produced by the
enzyme NOS, which is found in enteric neurons. When soluble guanylate cyclase is activated
by NO, it penetrates the smooth muscle cell membrane and relaxes the cell. Inhibiting NOS
with L-nitro-n-arginine (L-NNA) delays transit in the small intestine and colon of mice and
dogs, respectively. Pharmacological NOS inhibitors in humans shorten the time it takes for the
stomach to empty, increase the frequency of gastric contractions, and decrease the volume of
the fundus before and after meals (Chiba et al., 2002).

2.1.3.2 Serotonin

It has long been assumed that 5-HT (5-hydroxytryptamine), plays a significant role in
intestinal health. There have been more than 50 years of studies on the function of 5-HT in Gl
motility. The gut wall contains the majority of the body's 5-HT, which is found in descending
interneurons and subsets of mucosal cells (enterochromaffin cells). Studies showed that 5-HT
may start the peristaltic reflex and propel motion, and that it is released in response to elevated

intraluminal pressure (Kendig & Grider, 2015).
2.1.3.3 Achetylcholine

ACh is the neurotransmitter that causes Gl smooth muscle contractions most frequently in
the enteric nervous system. The muscarinic ACh receptors on the surface of smooth muscle
cells mediate cholinergic signaling (Lecci et al., 2002). All of the known and defined
muscarinic receptor subtypes (M (1)-M (5)) are members of the G-protein-coupled receptor
superfamily. The main muscarinic receptor subtype expressed by smooth muscle tissues in the
Gl tract is the muscarinic M(2) ACh receptor, where it is co-expressed with a lesser population
of M(3) receptor (Sanders et al., 2012).

2.1.3.4 Vasoactive intestinal polypeptide

A neuropeptide called vasoactive intestinal polypeptide (VIP) serves as a neuromodulator
and neurotransmitter. It is a strong vasodilator that controls blood flow, smooth muscle activity,

and epithelial cell secretion in the digestive system (lwasaki et al., 2019).
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2.1.3.5 Tachykinins

In neuronal circuits that control intestinal motility, secretion, and vascular activities,
tachykinins are peptide neurotransmitters. These include substance P, neurokinin A, and
neurokinin B, which, according to Shimizu et al., (2008) activate NK1, NK2, and NK3
receptors, respectively. Tachykinins play a part in the Gl tract's inflammatory reactions and are
transmitted by spinal afferents that innervate it. Tachykinins function as a co-neurotransmitter
of excitatory neurons and coexist with ACh, the principal transmitter of excitatory neurons

innervating the muscle (Olsson & Holmgren, 2001).
2.2. Polyphenols effect on gastrointestinal motility

The contraction of smooth muscle cells in the Gl tract is inhibited by certain polyphenols.
Flavonoids can effectively lessen the contractions of the ileum brought on by PGE;, LTD4,
ACh, and BaCl,. Chrysin, kaempferol, quercetin, and apigenin are all inhibitors of PGE.-
induced contractions. Apigenin, quercetin, and kaempferol all actively block the LTD4-induced

contractions (Capasso et al., 1991).

Apigenin and quercetin have been shown to relax the mice's gastric smooth muscles in the
stomach in a concentration-dependent manner (1 M to 100 M); apigenin effect is more potent
than quercetin. In calcium-free medium or in the presence of nifedipine, a voltage-gated L-type
calcium channel blocker, apigenin and quercetin's muscle-relaxing effects are significantly
diminished, indicating that this effect is primarily brought on by their ability to prevent calcium
from entering cells through these channels (Rotondo et al., 2009). Polyphenols also have
antidiarrheal effects that impact intestinal transit. The intraperitoneal administration of 12.5-50
mg/kg of a few flavonoids (apigenin, flavone, kaempferol, morine, myricetin, naringin, and
rutin) to mice slowed intestinal transit by 28-69%. The addition of flavonoids (naringenin,
silibinin, silymarin, and taxifolin, (100-200 mg/kg) reduces intestinal transit by 23-41% (Di
Carlo et al., 1993).

2.3. Ulcer
2.3.1 Physiology of stomach

The stomach contains a variety of cell types. The glands of the cardia predominantly release
mucus and bicarbonate. The fundus and corpus are where the majority of the parietal, chief,
enterochromaffin-like, and D cells are found. The majority of the cells in the antrum are G and
D cells, also known as enteroendocrine cells (Schubert & Peura, 2008).

The bulk of parietal cells are highly differentiated epithelial cells that secrete hydrochloric
acid (HCI), which is responsible for the high acidity (pH 1.5 - 3.5) of the stomach. Pepsin, an
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enzyme required for protein digestion, must also be activated by HCI. Pepsinogen, the inactive
version of pepsin, is secreted by chief cells. Histamine is produced and secreted by cells that
resemble enterochromaffins. In addition to somatostatin, which is generated by D cells,

enteroendocrine cells also emit gastrin, which is mostly secreted by G cells (Soybel, 2005).

Parietal cells secrete HCI under the influence of hormones and the neurological system.
Gastrin, which mediates the so-called gastric phase of secretion, is the primary stimulant of acid
secretion. Gastrin likely does not directly activate the parietal cells; instead, it works to release
histamine from the mucosal enterochromaffin-like cells. The parietal cells are then prompted
by histamine to release HCI. Additionally, protein consumption, stomach distension, and
cholinergic activation from the vagal nerve can all cause parietal cells to create HCI (O'Connor
& O'Moréin, 2014).

The H*/K*_ATPase, commonly known as the proton pump, is a major transporter that
contributes to the stomach's acidity. It is found on the cell's surface. In return for a potassium
ion (K*), parietal cells leak a proton (H") into the lumen of the stomach. Somatostatin is
involved in the negative control of secretion as well. Somatostatin is released in response to a
low pH in the antrum, and this inhibits the production of gastrin from the G cells. The stomach'’s

acidic environment serves as a barrier against germs (Schubert & Peura, 2008).

High turnover, tight connections, mucus, and bicarbonate secretion shield the GI mucosa
from acid. Ulcer development and associated pathologies may arise if the mucosa's defenses

are compromised by the harmful effects of gastric acid and pepsin (Beiranvand, 2022).

2.3.2 Peptic ulcer

Peptic ulcer is the most common upper GI acid-related disorder of the digestive system,
affecting millions of individuals worldwide. It develops in the stomach or upper section of the
small intestine. In the lower end of the esophagus where stomach fluids commonly reflux, or
less frequently along the smaller curve of the antral end of the stomach, peptic ulcers are more
common (Kansara & Sakhreliya, 2013). According to Moses et al., (2015), a gastric ulcer is
primarily defined by damage to the gastric mucosa in the stomach lining, which causes
symptoms such as nausea, vomiting, exhaustion, and weight loss in addition to abdominal

discomfort, potential bleeding, chest pain, and other GI symptoms.

2.3.3 Physiopathology of peptic ulcer

Anatomo-pathology describes a peptic ulcer, whether it be gastric or duodenal, as a loss of

mucosal material that extends to the mucosal muscle layer. A cicatrice is left behind when it
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heals. It differs from exulcerations, abrasions, and superficial erosions that do not penetrate the
muscle layer and heal without cicatrizing (Xie et al., 2022). According to Bonnet & Sultan,
(2022), the ulcer is the result of an imbalance between the mucosa's defense mechanisms
(mucus, blood flow, endogenous prostaglandins (PGs) secretion, NO, antioxidant and

bicarbonate, etc.) and the attack factors (acid, pepsin, H. pylori, NSAIDs).

The injury determines the pathophysiology of stomach ulcer formation. Since NSAID usage

and/or H. pylori infection cause 80 to 90% of stomach ulcers.

The first is H. pylori, which colonizes between 45 and 50 percent of the stomach mucosa
globally. People get immunized against these bacteria at a young age, particularly in developing
nations with a poor socioeconomic position and crowded houses. Gastritis, which is caused by
these bacteria, is an inflammatory reaction in the host that results in epithelial response,
degeneration, and damage (Bereda, 2022). Pan-gastritis is a typical complication of this illness;
it harms antral somatostatin release and causes an increase in gastrin secretion, which in turn
drives higher acid production. Depending on the aggressiveness of the bacteria and other host
risk factors, not all patients with this infection exhibit symptoms (Annunziata et al., 2021).

The second most frequent cause generating stomach ulcers is NSAID medicines. When
compared to persons who don't take these drugs, patients who do have a relative chance of
getting stomach ulcers. NSAIDs can cause ulceration through a variety of different methods.
When exposed to stomach acid, the medications themselves are weak acids. They persist in the
epithelial cells and enhance cellular permeability, which causes actual damage to the cells
(Sverdén et al., 2019). The reduction in prostaglandin production is the main cause of NSAID-
induced ulceration. NSAIDs prevent the cyclooxygenase-1 (COX-1) enzyme from increasing
prostaglandin synthesis, which in turn promotes the secretion of gastric bicarbonate, the
formation of mucus barriers, an increase in mucosal blood flow, and an expedited rate of
epithelial cell restitution and repair following damage or cell death (Skogar & Sundbom, 2022).
NSAID make the stomach mucosa more susceptible to injury from pepsin and gastric acid.
Overall, the gastric blood flow drop and the mild ischemia it induces in the stomach mucosa

are what cause the most detrimental physiological damage (Skogar & Sundbom, 2022).

Both drinking alcohol and smoking pose risks. Chronic alcohol use alters stomach mucosal
defense mechanisms by inhibiting COX-1 receptor enzymes, which reduces the release of
cytoprotective prostaglandin (Razvodovsky, 2006). Alcohol has also been demonstrated to

influence the mucosal barrier and histology. Epidermal growth factor levels in the blood
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decrease and free radical release increases in the stomach mucosa as a result of cigarette
smoking (Chiu et al., 2021a).

An unbalanced stomach is brought on by stress. It has an impact on histamine generation,
acid production, mucosal integrity, gastric motility, emptying pace, and vascular changes in the
stomach wall. Additionally, it lessens the mucosal barrier's resilience and boosts the production
of glucocorticoids from pro-inflammatory cytokines including interleukin-6 (IL-6) and tumor
necrosis factor (TNF) (Chiu et al., 2021b). Coffee and caffeine, which are frequently thought
to cause or exacerbate ailments, appear to have fewer negative effects. By skipping meals,
gastric acid is allowed to directly interact with the surface of the stomach lining, creating
irritation that eventually contributes to gastric ulcers. Abdominal discomfort that worsens with

meals is a symptom of gastric ulcers (Alves-Santos et al., 2020).

2.3.4 Models of gastric ulcer

Different models are employed to assess possible antiulcer medication candidates. However,
it has been demonstrated that choosing a suitable model may be challenging because each model
has both significant good and bad elements. The study objectives, the hypothesis being tested,
or the research issues being addressed by the researcher can all have an effect on the model that
is chosen. The model's suitability for the specific kind of peptic ulcer illness under study may

also have an impact on the decision to use it (Karunakaran et al., 2017).

Peptic ulcers can develop in a variety of animal species as a result of physiological,
pharmacological, or surgical procedures. However, the bulk of peptic ulcer research studies
employ rats. In experimental testing or assessment of a drug's or agent's antipeptic ulcer action,
the primary models used are: (Adinortey et al., 2013).

1. NSAIDs- (indomethacin, aspirin, and ibuprofen) induced gastric ulcers.
2. Water-immersion stress or cold-water-restraint or cold-restraint stress
3.. Acetic acid-induced gastric ulcers.

4. Histamine-induced gastric ulcers.

5. Reserpine-induced gastric ulcers.

6. Serotonin-induced gastric ulcers.

7. Pylorus-ligated-induced peptic ulcers
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8. Ethanol-induced gastric ulcers rodent model is widely used to study acute gastritis (Cho &
Ogle, 1992). Numerous investigations have shown that the morphological and physiological
changes in the hemorrhagic and necrotic foci, mucus, and stomach acid of the experimental

animals are comparable to those seen in humans ( Fu et al., 2018; Aziz et al., 2019).

Since ethanol stimulates macrophages and increases inflammatory cytokine release (TNF
and IL-6) and NF-kB signaling, it can result in ulcerative gastritis (Laloo et al., 2013). Ethanol
administration caused an accumulation of ROS/RNS, which causes oxidative stress and
inflammation in the gastric mucosa and has been linked to the development of gastric lesions
(Aziz et al., 2019). According to Albaayit et al., (2016), ethanol-induced ulcerative gastritis is
characterized by inflammation, mucosal ulceration, bleeding, and perforation. Apoptosis is
induced by ethanol as well as the hypersecretion of gastric acid, proinflammatory cytokines,
and ROS/RNS, which together suppress NO and prostaglandin E2 production and have anti-
inflammatory and gastric healing effects (Antonisamy et al., 2014).

2.3.5 Medicinal plants and gastric ulcer

A frequent digestive system ailment is gastric ulcer. The majority of current treatment plans
use herbal medication. However, multiple studies have shown that via diverse methods, herbal
medications may successfully heal stomach ulcers in both people and other animal models
(Saurabh et al., 2021). In people and animal models, studies have shown that the efficacy of
herbal medicines is equal to or greater than that of medications like omeprazole or cimetidine,
also, herbal medicines have fewer side effects (Gupta et al., 2021). Inhibiting stomach acid
secretion, H*/K*-ATPase activity, increasing mucus formation, and stimulating mucous cell
proliferation are only a few of the mechanisms by which herbal medicines treat gastric ulcers.
Some herbal medications have antibacterial qualities as well (Gupta et al., 2021). Utilizing
herbal remedies might be a beneficial solution to heal human stomach ulcers successfully and
with few side effects. According to a prior study, taking Centella asiatica orally for just three
days sped up the healing of ulcers in a dose-dependent manner (Cheng et al., 2004). In a study
using an acetic acid-induced gastric ulcer model, Dharmani et al., (2004) found that oral
treatment of Ocimum sanctum Linn at a dosage of 100 mg/kg per day for 10 days was equally
effective as omeprazole in promoting ulcer healing. Herbal treatments can sometimes be more
effective than prescription ones. For instance, a greater curative rate than cimetidine was
attained using oral Alchornea glandulosa extract at a dosage of 250 mg/kg per day for 14 days
(Calvo et al., 2007). Additionally, administering a herbal mixture's extract sped up ulcer

recovery and decreased recurrence rates (Ling et al., 2006). Polyphenols, which are naturally
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occurring dietary components essential for a balanced diet and are widely prevalent in
vegetables, fruits, and medicinal plants. A growing body of research suggests that dietary
polyphenols, which have many biological modes of action, are crucial in the treatment of
duodenal and stomach ulcers. The ideal prevention and treatment of peptic ulcers can be
achieved by combining the administration of dietary polyphenols in appropriate amounts with

conventional therapy (Bi et al., 2014).

3. Asteraceae family

The Greek term Aster, which refers to a star in reference to the form of the flower, is where
the name Asteraceae originates. The biggest family of flowering plants, often known as the
Compositae, is a worldwide family. According to (Singh et al., 2016), it is mostly found in

temperate, subtropical, or tropical climates, frequently in hilly terrain.

One of the plant kingdom's most widely dispersed families is the Asteraceae. According to
Herman & Swelankomo, (2011), it has more than 13 tribes, 1000 genera, and 23,000 different
species. The Asteraceae family alone accounts for between 8% and 10% of species compared
to the projected total number of plant species in the globe, which is around 298,000 species
(Mora et al., 2011). There are 408 species and 109 genera in Algeria (Quézel et al., 1962). The
best illustration of the economic importance of this large family is the sunflower, which is
grown for its oil seeds, along with the Jerusalem artichoke, lettuce, chicory, chamomile, and
gaillards, among other ornamental plants like dahlias, asters, rudbeck, chrysanthemums,
gerberas, and zinnias (Singh et al., 2016).

3.1. Achillea genus

One of the most recent evolutionary genera in the widespread Asteraceae family is yarrow
(Achillea sp.) (Farajpour et al., 2012). In this genus, more than 100 species have been identified
(Goli et al., 2008). A well-known medicinal plant and perennial herb, yarrow is frequently
utilized in folk medicine (Bimbiraité et al., 2008). These plants may also be found in Australia,
New Zealand, and North America, however they are native to Europe, north Africa, and western
Asia (Gharibi et al., 2013).

3.1.1 Traditional use

Since ancient times, the genus Achillea (Compositae or Asteraceae) has been utilized as a
source of medicine all across the world. Traditional indications for their usage include Gl issues,
disorders of the liver and gallbladder, irregular menstruation, cramping, fever, and wound
healing (Saeidnia et al., 2005). According to Nemeth & Bernath, (2008), it has been approved

for internal use to address issues such as loss of appetite and dyspeptic conditions, including
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gastric catarrh and spastic pain. Externally, it serves as a compress to treat skin irritations,

promote wound healing, and combat bacterial or fungal infections.

3.1.2 Pharmacological properties

The aerial parts of different species of the genus Achillea are widely used in folk medicine
due to various purposes and biological activities, such as, anti-inflammatory (Boutennoun et
al., 2017), antimicrobial (Benali et al., 2020), antispasmodic (Karamenderes & Apaydin, 2003),
antiulcer (Mehlous, 2023), anti-diabetic (Idm’hand et al., 2020) and antiradical activities (Bali
et al., 2015; Benali et al., 2020). Furthermore, according to Ghavami et al., (2010) and Bali et
al., (2015), this plant is also utilized to cure malignant cells.

3.2.  Achillea odorata L.
3.2.1 The botanical aspect of Achillea odorata L.

Achillea odorata L. is a perennial plant, which proliferates in the edges of paths. It has
circular stems with a tortuous-knotty stock and raised stems that range in height from 12 to 30
cm. The leaves are tiny, oblong-shaped, and greyish green with 7-15 segments on each side.
They are beautifully cut. This yarrow may be identified by its tiny, 3-5 mm capitula. The
flowers have short ligules and are dirty-white or slightly yellowish. The flowering is from May

to July.

3.2.2 Geographic distribution

A.odorata L. is well represented all around the West Mediterranean basin, it native range is

France to Spain, Morocco, Algeria (Figure 7) (Bremer, 1993).

[ _s
“

Figure 7. Geographic distribution of Achillea odorata L. (Bremer, 1993).
3.2.3 Systematics of Achillea odorata L. (Guo et al., 2004)

Kingdom: Plantae
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Division: Magnoliophyta
Class: Magnoliopsida
Subclass: Asteridae

Super order: Euasteridae
Order: Asterales

Family: Asteraceae

Genus: Achillea

Species: Achillea odorata L.
3.2.4 Chemical composition

The phytochemistry of A. odorata L. was the subject of a few investigations that were
documented. In fact, many triterpenoids (Achileol A and B) and bisabolane derivatives
(different bisabolane derivatives) were isolated from solvent extracts and their structures were
clarified (Barrero et al., 1990). The presence of 21 and 25 compounds was detected in the
essential oil of A. odorata L. using gas chromatography-mass spectrometry (GC-MS), and the
major compounds of A. odorata L. were camphor (45.01%), bornyl acetate (15.07%), borneol
(11.33%), p-eudesmol (4.74%), camphene (3.58%), and 1.8-cineole (eucalyptol) (2.96). The
chemical composition of the essential oil extracted from aerial portions of Achillea odorata L.
from Algeria was further examined by GC (retention indices) and 13C-NMR (Bekhechi et al.,
2011). The three main substances were camphor (22.9-26.3%), 1,8-cineole (15.7-17.8%), and
a-pinene (11.3-12.5%) over the complete flowering period. Thymol (2.7-4.5%) and iso-thymol
(1.3-2.7%) were also detected at considerable concentrations near the end of flowering (Benali
et al., 2020).
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Materials and methods

1. Materials

All chemicals were of analytical grade and purchased from Sigma (St Louis, MO, USA) or
Fluka Chemical Co. (Buchs, Switzerland).

1.1. Plant material

From Jijel (in the northeast of Algeria), the medicinal plant A. odorata L. was collected in
June 2020. Professor S. AMIRA, Department of Biology and Animal Physiology, University
of Ferhat Abbas Setif 1, Algeria, determined the plant's taxonomic identity, and a voucher with
the identification number 302 AO 16/06/20 Jij/SA was deposited at the laboratory of
Phytotherapy Applied to Chronic Diseases. Debris from the plant material was removed. The
plant was dried for approximately 10 days in the shade to ensure its proper preservation. Then,

crushed by an electric grinder until obtaining a fine powder and preserved in clean bags.

Figure 7. Achillea odorata L. areal part

1.2. Animals

In this investigation, albino Swiss mice weighing 25-30 g and albino Wistar rats weighing
150-200 g were employed. From the Pasteur Institute in Kouba, Algiers, animals were
purchased. They were initially kept in cages for seven days under standard lab conditions and
had free access to food, water for a week. The animals were individually housed in cages with
wide-mesh wire bottoms before the experiment began. They were deprived of food for 18 to 20
h, but were given access to drink up until 60 min before the trial began.

2. Methods

2.1. Preparation of extracts
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2.1.1 Preparation of decocted extract

The powder was heated to a boil in 500 mL of water for 10 min and allowed to cool. The
homogenate was obtained and filtered through muslin after the decoction period. The filtrate
obtained was subjected to further filtration through filter paper and dried in an oven at 38°C
(Perera et al., 2008). The resulting extract was then kept at 4°C in a dark, covered bottle to

prevent any molecular breakdown from light.

2.1.2 Preparation of hydro-ethanol, hydro-methanol, hydro-ethyl acetate and hydro-
chloroform extracts (50%0)

In order to make the extracts of A. odorata L., various solvents with various polarities
(methanol, ethanol, ethyl acetate, chloroform) were used (Markham, 1982). For each extract,
50 g of the plant's ground material was macerated for 72 h at room temperature using the
greatest agitation in 50% of the suitable solvent (ethanol, methanol, ethyl acetate, chloroform).
At a temperature of 40 to 50°C, the mixture is then filtered and evaporated using a rotary
evaporator (BUCHI). Then, this mixture was dried in a 38°C oven. The obtained extracts hydro-
methanolic (AME), hydro-ethanolic (AEE), hydro-ethylacetate (AEAE) and hyro-chloroformic
(AChE) were then placed in a secured bottle and kept in a cold place at 4°C.

2.2. Screening of phytochemical compounds
2.2.1 Determination of phenolic compounds

The Folin Ciocalteu reagent (FCR) method was used to assess the amount of phenolic
compounds in the extract (Li et al., 2007). This technique was based on the generation of
reduction products with a blue color and a maximum absorption at 765 nm when
phosphotungstic and phosphomolybdic reagents of FCR were reduced in an alkaline medium
by the oxidizable groups of phenolic compounds. To 100 pL of extract or standard (prepared
in methanol or distilled water) with the serial dilution, 500 uL of FCR were added. 400 uL of
a sodium carbonate solution with a 75 mg/mL concentration was added to the reaction medium
after 4 min. The absorbance at 765 nm is measured after 2 h of incubation at room temperature
and in the dark. The regression equation of the calibration line (Y = 0.0266X + 0.011, R? =
0.99) established with gallic acid was used to determine the total polyphenol content, which

was reported in mg gallic acid equivalent per milligram of extract (mg GAE/mg extract).

2.2.2 Determination of flavonoids

The flavonoids in the extracts were measured using the aluminum trichloride technique

(Bahorun et al., 1996). The procedure involves mixing 500 pL of extract or standard with 500
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pL of 2% methanol-based AICIs solution. The absorbance was measured at 430 nm after 10
min of reaction. The flavonoid concentration was calculated using a calibration line with
quercetin and reported in mg of quercetin equivalent per milligram of extract (mg EQ/mg of

extract).

2.2.3 Determination of total tannins content

Using FCR and tannic acid as the reference, the total tannins content (TTC) was calculated
(NG & Rahate, 2013). 0.5 mL of extract, 2.5 mL of 10% FCR diluted in water, and 2.5 mL of
7.5% Na>,CO3 were combined to create the reaction mixture. Same procedure was used to
prepare a blank without a sample. The samples had been incubated for 45 min at 45°C in a
thermostat. Using a spectrophotometer, the absorbance was calculated at Amax = 765 nm. For
each analysis, the samples were prepared in triplicate, and the mean absorbance value was
calculated. The calibration line was constructed after applying the same procedure to the tannic
acid standard solution. The TTC concentration (mg/mL) was derived from the calibration line
based on the measured absorbance. Each determination was made three times. In grams of dry

extract, the amount of total tannins is represented as mg tannic acid equivalent (TAE).

2.2.4 HPLC-DAD analysis

The phenolic compounds were analyzed using the High-performance liquid chromatography
with photodiode-array detection (HPLC-DAD) technique. The obtained extracts were split on
an Intertsil ODS-3 reverse phase C18 column after being dissolved in water: methanol (80:20)
and filtered through a 0.20 m disposable LC filter disk for HPLC-DAD (Chirinos et al., 2008;
Barros et al., 2009). The injection volume of the sample was 20 uL, and the solvent flow rate
was 1.0 mL/min. Mobile phase A was consisting of 0.5% acetic acid in water and mobile phase
B was 0.5% acetic acid in methanol. The elution gradient was as follows: 0-10% B (0-
0.01 min); 10-20% B (0.01-5 min); 20-30% B (5-15 min); 30-50% B (15-25 min); 50-65%
B (25-30 min); 65-75% B (30-40 min); 75-90% B (40-50 min) 90-10% B (50-55 min).

A photodiode array detector (PDA) with the selected wavelength of 280 nm was used for the
detection. In order to characterize the phenolic compounds, UV measurements and retention
periods were compared to industry standards. The analysis was repeated three times. The
calibration curve was created by injecting standard chemicals at specified concentrations (0.0,
0.00782, 0.01563, 0.03125, 0.0625, 0.125, 0.25, 0.5, and 1.0 ppm) in order to identify and
quantify the phenolic compounds. Totally 26 phenolic compounds were used namely, gallic

protocatechuic, chlorogenic, p-hydroxy benzoic, vanillic, 3-hydroxy benzoic, syringic, p-
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coumaric, ferulic, ellagic, rosmarinic, trans-cinnamic acids, catechin, pyrocatechol, 6,7-
dihydroxy coumarin, vanillin, taxifolin, coumarin, rutin, myricetin, quercetin, luteolin,

hesperetin, kaempferol, apigenin and chrysin. The results were given in mg per g of dry weight.

2.3. Toxicity
2.3.1 Determination of cytotoxic activity (Cell viability assay)

Lung cancer cell line H1299 was cultured in RPMI1640 medium with 10% FBS (Fetal
Bovine Serum). Cultures were kept at 37°C in a humid environment with 5% CO,. The
cytotoxic activity of the extracts was evaluated using the MTT (3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide) cytotoxicity assay (Deveci et al., 2019). 96-well microliter
plates were filled with 100 pL of the H1299 cell suspension after it had been diluted with 5-
10% FBS to yield 5x10* cells at 1 mL. After 24 h, the extracts were added to the cells. After
72 h, 200 uL MTT (0.5 mg/mL) was added in each well and incubated 4 h. After incubation,
100 uL. DMSO was added to each well to dissolve formazan crystals. The results of the MTT
assay were read at 540 nm. Cell viability (absorbance) for the control group was taken to be
100%, and cell viability for the extracts was calculated.

2.3.2 Acute oral toxicity

Rats were used to test the acute oral toxicity of A. odorata extracts according to the
Organization for Economic Cooperation and Development's guideline 425 (OECD, 2008).
Group | served as the control group, receiving only distilled water, while groups I, 111, and 1V
were given oral doses of A. odorata L. decocted extract (ADE) and A. odorata L. hydro-
methanolic extract (AME) of 2.0 and 5.0 g/kg body weight, respectively (B.W.). One animal
from each group received the corresponding plant extract by gavage in a single dose. The same
dose was sequentially given to four additional animals, for a total of five treated animals in each
group, at intervals of 48 h. After administration, the animals were not fed for 3h. Mortality,
severe behavioral and clinical symptoms (such as unusual aggression, restlessness, dullness,
sedation, somnolence, twitch, tremor, agitation, catatonia, paralysis, convulsion, writhing,
prostration, etc.) were noted over the course of 24 h at regular intervals. All of the experimental
animals were kept under close observation for 14 days if they lived, and the number of rats that
passed away during the research period was recorded. Rats were sacrificed after 14 days, their
blood was drawn and tested for urea, creatinine, aspartate aminotransferase (AST), and alanine
aminotransferase (ALT), and two organs (kidney and liver) were taken out for gross
pathological analysis. If three or more rats survived, it was predicted that the LDso would be
higher than the tested dose (2 g/kg or 5 g/kg).
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2.3.3 Preliminary selection of tested doses for biological activities in vivo

To determine the most effective dose for biological activities, various doses of ADE and
AME extracts from A. odorata L. plant were tested on mice and rats. The tested extracts had a

notable impact starting at a dose of 100 mg/kg and a good impact at a dose of 400 mg/kg.

2.4. Invitro biological activities
2.4.1 Evaluation of the antioxidant activity

2.4.1.1 DPPH free radical-scavenging assay

The DPPH (1,1-diphenyl-2-picrylhydrazyl) assay (Blois, 1958) was used to
spectrophotometrically measure the free radical scavenging activity of extracts. This test was
designed to measure the antioxidants capacity to reduce the DPPH radical. Briefly, 160 pL of
DPPH solution was combined with 40 pL of sample solutions at various concentrations. A 96-
well microplate reader was used to measure the absorbance at 517 nm after 30 min in the dark.
Methanol and distillate water were used as a standard. As a synthetic reference, butylated
hydroxyanisole (BHA), a stable antioxidant, was used. The following equation was used to

calculate the scavenging capacity of DPPH radical.

DPPH scavenging effect (%) = [(Acontrol — Asample) /Acontrol] X 100

Where Acontrol represents the absorbance of the reaction mixture in the absence of sample, and
Asample represents the absorbance of the reaction mixture in the presence of extract or standard.

2.4.1.2 ABTS radical scavenging activity

Using the 2.2°-Azino-bis-(3-ethylbenzenothiazoline6-sulfonic acid (ABTS) radical, the
extract's antiradical activity was assessed utilizing the Sha & Schacht (1999) method. In a brief,
2.45 mM of K»S20g was added to react 2 mM of ABTS to generate ABTS cation. The mixture
was then kept at room temperature for 16 h in complete darkness. Prior to use, distilled water
was used to dilute the ABTS solution to an absorbance of 0.700 at 734 nm. After mixing 40 pL
of each sample at various concentrations with 160 pL of the ABTS solution for 10 min, the
absorbance at 734 nm was measured. The following equation was used to calculate the
percentage of inhibition as previously reported. Results were contrasted with the conventional
BHA.

ABTS Scavenging effect (%) = [(AControI - ASampIe)/AControI] x 100
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2.4.1.3 pB-Carotene/linoleic acid assay

Using the B-carotene/linoleic acid test system, the inhibitory activity of lipid peroxidation
was evaluated (Ouknin et al., 2021). The following steps were used to make a stock solution of
a [3-carotene/linoleic acid mixture: 200 mg of Tween 40 emulsifier mixture and 25 pL of linoleic
acid were added after 0.5 mg of beta-carotene had been dissolved in 1 mL of chloroform.
Following the vacuum-assisted evaporation of the chloroform, 100 mL of distilled water that
had been saturated with oxygen was added. 160 pL of this mixture was transferred into 40 uL
of the samples at different concentrations. The emulsion was quickly added to each tube, and a
96-well microplate reader was used to measure the zero-time absorbance at 470 nm absorbance
of the emulsion was read again at the same wavelength after incubation of the plate for 2 h at
50°C. Ethanol was used as a control. BHA and a-tocopherol were used as antioxidant standards
for comparison of the activity. The bleaching rate (R) of B-carotene was calculated according

to the following equation:

R =In (Ao A/t

where Ag=absorbance at time zero, At =absorbance at time t (120 min). Antioxidant activity

was calculated in terms of percentage inhibition relative to the control, using the equation:
Antioxidant aCtiVity (%) = [(Rcontrol - Rsample)/RcontroI] x 100

2.4.1.4 Ferrous ion chelating activity

With a few minor modifications, the chelating activity of the extracts on Fe?* was assessed
as described by Cayan (2019). 40 pL (0.2 mM) of FeCl, was added to the extract solution (80
pL dissolved in ethanol at various concentrations). Then 80 pL of ferrozine at 0.5 mM was
added. After giving the mixture a vigorous shake, it was allowed to stand at room temperature
for 10 min. At 593 nm, the absorbance was then measured. The metal chelating activity was
calculated using the following. To compare the activity, Ethylenediaminetetraacetic acid

(EDTA) was used as a antioxidant standard.

Metal Chelating aCtiVity (%) = ((Acontrol - Asample)/Acontrol) x 100

where Acontrol iS the absorbance of control devoid of sample and Asampie is the absorbance of

sample in the presence of the chelator.

2.4.1.5 Reducing power of FeCls

A. odorata’s potential reducing power capacity was calculated using the protocol described

by Oyaizu (1986). Following the addition of 50 pL of potassium ferricyanide (1%), a total of
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40 pL of phosphate buffer (pH = 6.6; 0.2 M) was added to 10 pL of sample solution (extract or
standard) in methanol. At 50°C, the mixture was incubated for 20 min. The absorbance was
then measured at 700 nm after the addition of 50 pL of trichloroacetic acid solution (TCA)
(10%), 40 uL of distilled water, and 10 pL of ferric chloride solution (0.1%). The results were
presented as Aos (ug/ml) corresponding to the concentration indicating 50% absorbance

intensity of the activity of various extracts was compared with that of a-tocopherol.

2.4.1.6 Cupric-reducing antioxidant capacity

The cupric-reducing antioxidant capacity was determined according to the method of Apak
et al. (2004). In a brief, a 96-well microplate was loaded with 50 pL of Cu (10 mM), 50 pL of
neocuproine (7.5 mM), and 60 pL of NH4 buffer (1 M, pH 7.0) solutions. The initial mixture
(making the final volume 200 pL) was added to 40 pL of the extract at various concentrations.
Using a 96-well microplate reader, the absorbance was measured at 450 nm after 1 h. Results
were presented as Aos (ug/ml) and compared with those obtained using BHA as antioxidant

standard.

2.4.1.7 Phenanthroline assay

We followed the procedure outlined by Szydowska-Czerniak et al. (2008) to evaluate the
phenanthroline antioxidant assay. A total of 50 pL of FeCls (0.2%) was mixed with 10 pL of
various dilutions of sample solutions (extract or standard) in methanol, followed by the addition
of 30 uL of O-phenanthroline (0.5%) and adjusted with 110 puL of methanol. After 20 min of
incubation at 30°C, the absorbance was measured at 510 nm. The obtained results were

expressed as Ao.so values and compared with the used antioxidant positive control (BHA).
2.4.2 Evaluation of the anti-enzymatic activity

2.4.2.1 Cholinesterase inhibition

The ability of extracts to inhibit BChE and AChE was assessed using Ellman's Method, with
a few minor modifications (Ellman et al., 1961). Next, acetylthiocholine iodide (0.71 mM) and
butyrylthiocholine chloride (0.2 mM) were used as the substrates for the AChE and BChE
assays in 96-well microplates. 10 mL of the sample were combined with 20 uL of either the
AChE or BChE enzymes in a 96-well plate that was filled with 150 pL of sodium phosphate
buffer (pH = 8). Following a 15 min incubation period at 25°C, 10 pL of substrates and 10 puL
of 5, 5'-dithio-bis(2-nitrobenzoic acid) (DTNB) (0.5 mM) were added to the mixture, bringing
the total volume to 200 L. After 10 min, the absorbance was measured at 412 nm. The formula

below was used to calculate the percentage inhibition of AChE or BChE:

% inhibitory activity = (A enzyme without sample=AA enzyme with sample) X 100/ A enzyme without sample
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2.4.2.2 Tyrosinase Inhibition

Tyrosinase enzyme inhibitory activity was measured by the spectrophotometric method as
described by Masuda et al. (2005). Mushroom tyrosinase was used, while L-DOPA was
employed as substrates of the reaction. Briefly, 150 uL of 100 mM sodium phosphate buffer
(pH 6.8), 10 puL of sample solution dissolved in ethanol at different concentrations, and 20 pL
tyrosinase enzyme solution in buffer were mixed and incubated for 10 min at 37°C, and 20 uL
L-DOPA was added. The sample and blank absorbances were read at 475 nm after 10 min
incubation at 37°C in a 96-well microplate. The tyrosinase inhibition ability was evaluated

relative to the control using the following equation:

TerSinase |nh|b|t|0n (%) = [(AcontroI_AsampIe)/Acontrolx100]

2.4.2.3 Determination of a-amylase inhibitory activity

The method previously described by Quan et al. (2019) was used to test the extract’s ability
to inhibit the activity of the enzyme a-amylase, with a few minor adjustments to the incubation
time, reagents, and sample amounts. A 96-well microplate was filled with a mixture of 25 pL
sample solution and 50 pL a-amylase solution (0.1 units/mL) in phosphate buffer (20 mM
pH=6.9 phosphate buffer prepared with 6 mM NaCl). The mixture underwent a 10 min pre-
incubation at 37°C. After pre-incubation, 50 pL of 0.05% starch solution was added, and the
mixture was then incubated at 37°C for 10 min. A volume of 100 pL of Lugol solutions and 25
pL of 0.1 M HCI were added to finish the reaction. The absorbance at 565 nm was measured
using a 96-well microplate reader. The industry standard was acarbose. The activity of a-
amylase inhibition was assessed in comparison to a blank that contained an enzyme-free
sample.

(X'Amylase |nh|b|t|0n (%) = [(AcontroI_AsampIe)/Acontrolxloo]

2.4.2.4 Determination of a-glucosidase inhibitory activity

The method first described by Kim et al. (2000) was used to determine the extracts o-
glucosidase inhibitory activity, with a few minor adjustments to the incubation time, reagents,
and quantities of the used reagents and samples. A 96-well microplate was filled with a-
glucosidase (0.1 units/mL) in phosphate buffer (0.01 M, pH=6.0), 25 pL PNPG (4-N-
nitrophenyl-a-D-glucopyranoside) in phosphate buffer (0.01 M, pH=6.9), 10 uL sample
solution, and 50 pL of phosphate buffer (0.01 M, pH=6.9). At 37°C, the mixture was incubated
for 20 min. To stop the reaction, 90 pL of sodium carbonate (0.1 M) was added to the

microplate. On a 96-well microplate reader, absorbance at 400 nm was measured. The industry
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standard was acarbose. The following equation is how the activity of a-glucosidase inhibition

was determined.
OL-G|UCOSidase |nh|b|t|0n aCtiVity (%) = [(AcontroI_Asample)/AcontrolxlOO].

2.5. Invivo biological activities
2.5.1 Gastric emptying and small intestine transit in mice

Measurements of gastric emptying and small intestine transit were made using the technique
outlined by Amira et al. (2005). The test meal was made up of 1.5% carboxymethyl cellulose
(CMC), a non-nutritive material that could be easily seen and detected, and 0.1% phenol red.
The test meal was given orally to the animals for 0.3 mL, and they were killed 20 min later.
Under a laparatomy, the stomach and the small intestine were excised after ligation of the
pylorus and the cardia. In 25 mL of 0.1 N NaOH, the stomach's contents were homogenized. In
order to precipitate proteins, 8 mL of the homogenate's supernatant was added to 1 mL of 33%
TCA after the mixture had been allowed to sit at room temperature for 1h. The supernatant was
then treated with 2 mL of 2 N NaOH following centrifugation (1600 g for 30 min). After
homogenizing the mixture, the absorbance was measured at 560 nm. 4 animals were sacrificed
on the day of each experiment immediately following the administration of the test meal and
were used as standards (0% emptying). The following formula was used to calculate the gastric

emptying (GE) rate over the course of the 20-min interval:
GE (%) = (Astandard'Atest/Astandard) x100

The entire small intestine was greatly freed from its mesenteric attachments after the stomach
was removed, and its length was measured. A drop of 0.1 N NaOH was used to precisely
localize the test meal after the intestine was opened at the level of the test meal's front. The ratio
of the distance covered by the test meal to the length of the entire small intestine was used to
express the rate of intestinal transit.

In order to investigate the possible interference of the extracts with the nervous transmission
controlling GI motility, gastric emptying and intestinal transit of the meal were evaluated in
animals treated with one of the following drugs: atropine (3.45x10mmol/kg), L-Arginine
(1.72 mmol/kg) or indomethacin (1.39x102 mmol/kg).

2.5.2 Ethanol-induced gastric ulceration in rats

2.5.2.1 Gastroprotective effect evaluation

The method followed is that described by Gharzouli et al. (1999). It involves evaluating how

well ADE and AME protect against the ulcer that pure ethanol administration causes in animals.
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One hour after the administration of test solutions, oral administration of ethanol is used to
induce gastric lesions. One hour prior to the 0.5 mL ethanol gavage, plant extracts at doses of
100, 200, and 400 mg/kg (dissolved in NaCl 0.9%) were given orally. In addition to the oral
administration of ethanol, the control group also received NaCl 0.9% by the same route, while
the positive control also received ranitidine 5 mg/kg (Gupta et al,. 2012). Rats were killed by
cervical dislocation 30 min later. Following a laparotomy, the stomach was removed, cut open
along the great curvature, and spread out on a plate to determine the surface of the lesions using
the program Image J 1.520 (Wayne Rasband, National Institutes of Health, USA). The percent

of the ulceration was calculated for each group treated according to this formula:

% Ulceration = [Uas/ Uac] %x100.
Where: Uac: ulcer area of the control. Uas: ulcer area of the Sample.

To assess the severity of the ulcers, histological analyses of the glandular gastric mucosa
were carried out. In addition to determining the amount of mucus in the gastric layer,
antioxidant activity was also assessed using the following biochemical indicators: estimation
MDA, GSH, CAT, SOD, and total proteins.

Using the chosen dose (200 mg/kg) in combination with indomethacin (1.39x102 mmol/kg),
L-Arginine (1.72 mmol/kg), L-NNA (1.36x10™ mmol/kg) or yohimbine (1.28x102 mmol/kg),
additional experiments were conducted to examine any potential interference between the
extract and the neurotransmitters that regulate the Gl protective effect. Yohimbine, L-NNA,
and indomethacin were intraperitoneally injected, while arginine was given intragastrically. %

ulceration, histological analyzes of the glandular gastric mucosa were determined.

2.5.2.2 Histopathological preparations

The histological sections were made at the pathology anatomy laboratory (CHU of Setif).
Each experimental group had a piece of their stomach's glandular region fixed in 10% formalin.
By passing these samples through three ethanol baths of 30 min each at 70, 90, and 100°C in
succession, these samples are dehydrated. Then they are diluted in two toluene baths of 20 min
each and added to the paraffin (two baths of 2 h each). The operation is automated using an
automaton (TISSUE-TEK). After that, the final inclusion is created in metal molds. The
obtained paraffin blocks are then cut with a microtome, the 5 um thick sections are spread on
slides with a 2% gelatin gel, dried in an oven at a temperature of 35-42°C, rehydrated and dried,
and stained with hematoxylin-eosin. A pathologist examined the tissue samples using

microscopic analysis. The slides were later captured on camera.
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2.5.2.3 Determination of mucus content in gastric layer

Alcian blue was used to determine the stomach's mucus content, as described by Corne
(1974). Without entering the mucosal cells, this cationic colorant binds to glycoproteins and
changes the mucopolysaccharides into an insoluble complex. Each section of the stomach's
glandular portion is submerged in a solution containing 0.1% alcian blue. The excess of the
colorant is removed by two successive washes with sucrose for 10 min and 45 min, respectively,
after 2h of incubation. The stained glandular component is then added to magnesium chloride
and stirred for 2h. To make sure that no particles impacted the spectrophotometric reading at
605 nm, a volume of the blue extract was combined with an equal volume of di-ethyl ether. A
calibration line made from various alcian blue concentrations was used to determine the total

amount of mucus present. Concentrations are expressed as pg of alcian blue/g of tissue.
2.5.3 Evaluation of in vivo antioxidant activity of gastric homogenate

2.5.3.1 Preparation of homogenate

After the sacrifice, the stomach from each animal was removed, opened along the great
curvature, washed with ice-cold saline, blotted with filter paper, and the glandular portion was
cut, weighed, and homogenized in an ice-cold solution of 50 mM Tris HCI buffer (pH 7.4) to
produce 10% (w/v) homogenate. The homogenate was then centrifuged at 4000 g for 15 min at
4 °C, and the supernatant was collected and stored at - 20 °C for the estimation of the following
biochemical parameters: total proteins, CAT, GSH, MDA, SOD.

2.5.3.2 Determination of total gastric proteins

Using a Biuret reagent kit (potassium iodide, sodium potassium tartrate, copper sulfate and
sodium hydroxyl), the total amount of gastric protein was measured in accordance with the
procedure described by Gornall et al. (1949). The procedure is as follows: 1 mL of Biuret
reagent is added to 25 pL of tissue homogenate or standard. The mixture is incubated for 10
min at room temperature in the dark, and then the absorbance is measured at 540 nm. The

following equation is used to calculate the total protein concentration:

Total protein (mg/mL) = (Aassay/ Astandard) X N (n :concentration of standard)

2.5.3.3 Assessment of reduced glutathione concentration

The GSH content was measured following the method of Ellman (1959), which measures
the reduction of DTNB (Ellman’s reagent) by sulthydryl groups to 2-nitro-5-mercaptobenzoic
acid, which has an intense yellow color and maximum absorption at 412 nm. In a brief, 10 mL

of phosphate buffer were used to dilute 50 pL of supernatant (0.1 M, pH 8). Then, 20 pL of
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DTNB (0.01 M) were added to 3 mL of the dilution mixture. After 5 min, the yellow color
developed was measured at 412 nm. Utilizing the molecular absorption coefficient (NBT:
13.6.10® Mt.cm™), the amount of GSH was calculated. The results are given in nmole GSH/g

tissue.

2.5.3.4 Assessment of lipid peroxidation

The method of assessment of lipid peroxidation (MDA) of Ohkawa et al. (1979), which is
based on spectrophotometric measurement of the pink color produced by the reaction of
thiobarbituric acid (TBA) with MDA, was used to measure the MDA levels. A volume of 1 mL
of TBA (0.67% wi/v) and 0.5 mL of tissue homogenate were combined. The mixture was then
heated to a boil for 15 min in a water bath. Each sample was mixed with 4 mL of n-butanol and
allowed to cool to room temperature before being centrifuged for 15 min at 3000 rpm. At 532
nm, the absorbance was calculated in relation to a blank solution. The molecular absorption
coefficient was used to determine the MDA concentration (¢ MDA-TBA: 156 mM™.cm™). The

results are given in nmole MDA/g tissue.

2.5.3.5 Estimation of catalase activity

With some modifications, the method outlined by Clairbone (1985) was used to measure the
catalase activity. The idea behind this test is based on how hydrogen peroxide breaks down
when catalase is present. In a quartz vessel, 19 mM H202 (2.9 mL) in phosphate buffer (50 mM,
pH 7.4) was added, followed by 50 pL of tissue homogenate. The enzymatic activity was
expressed in nmole H202 /min/ mg, and the rate of H.O, decomposition in the presence of CAT

is measured spectrophotometrically at 240 nm immediately and every 15 seconds for 1 min.
3. Statistical analysis

All samples were tested three times (in vitro), whereas for in vivo tests a number of 6 to 9
animals was used. Results are presented as mean + SD or SEM for the in vitro or in vivo tests
respectively and analyzed by a one-way analysis of variance (ANOVA) followed by a Tukey
test using GraphPad Prism version 8.0.2 (GraphPad Software, Inc., USA). P values <0.05 or

less were considered significantly different.
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Results

1. Phytochemical study of the extracts

1.1. Extraction yield

Extraction yields obtained for the various extracts of A. odorata L. are shown in figure 9.
AME extract demonstrated the most significant yield of 16.6%, then ADE (16.1%) and AEE
(14.9%). While AEEA and AChE showed the lower extraction yield.

When combined, the yield using polar solvents (AME, ADE and AEE) was 45.6%, while the
yield from semi-polar and nonpolar solvents (AEAE and AChE) was only 12.2%, suggesting

that A. odorata L. extracts had more polar components.
1.2. Total polyphenols, flavonoids and tannins content

In the present study, the contents of total phenolic, flavonoids, and tannins in extracts of A.
odorata L. were quantified. The obtained results are summarized in figure 9. The methanol
extract recorded the highest total phenolic content with a value of 424.94 + 0.58 mg GAE/g
DW followed by the ADE and AEE with a value of 372.88 + 1.91 and 349 + 0.03 mg GAE/g
DW, respectively. Whereas, the ethyl acetate and chloroform extracts gave the lowest value
(113.78 £ 0.33 and 97.01 + 0.14 mg GAE/g DE, respectively).

Furthermore, the AEE showed the highest levels of flavonoids and tannins (154.71 + 0.35 mg
QE/g DW and 72.62 + 0.30 mg TAE/g DW, respectively) followed by the AME (98.33 + 0.85
mg QE/g DW and 47.15 + 0.32 mg TAE/g DW, respectively), then ADE with value close to
the latter extract (86.01 = 1.02 mg QE/g DW and 34.87 + 0.93 mg TAE/g DW, respectively).
Moreover, AEAE and AChE showed the smallest amount in flavonoids and tannins as shown

in figure 9.
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Figure 8. Yield extraction, total phenolics, flavonoids and tannins contents of A. odorata’s
extract.

ADE: decocted extract, AME: hydro-methanol extract, AEE: hydro-ethanol extract, AEAE: hydro-ethyl acetate
extract, AChE: hydro-chloroform extract, GAE: gallic acid equivalent, QE: quercetin equivalent, TAE: tannic acid
equivalent, DW: dry weight. Results are expressed as means + SD (n=3). ****; P<0.0001 vs AME or AEE.

1.3. HPLC-DAD analysis

A comparative investigation was conducted on the various extracts derived from the aerial
parts of A. odorata L. using HPLC-DAD based on retention time and absorption spectra of the
available standards in the sample. As depicted in table 1 provides a comprehensive list of all
the identified compounds of the extracts used along with essential data such as their retention
time (Rt). 13, 12, 9, 10 and 9 phenolic compounds were characterized from AME, ADE, AEE,
AEAE and AChE.

A total of 07 phenolic compounds was commonly and majorly identified in all extracts tested
(Figurel0), namely chlorogenic acid (Rt: 12.35 min); p-hydroxy benzoic acid (Rt: 12.77 min);
rutin (Rt: 25.30 min); ellagic acid (Rt: 26.11 min); rosmarinic acid (Rt: 26.77 min); myricetin
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(Rt: 27.35 min) and luteolin (Rt: 31.70 min). Chlorogenic acid was identified as the major

compounds in all tested extracts. Also, ellagic acid and luteolin were identified among main

compounds of ADE and AEAE while coumarin was identified as a major compound in AME.

Moreover, kaempferol and apigenin were identified only in ADE and AEAE at the retention

time of 33.21 and 33.77 min, respectively while coumarin was identified only in ADE, AME,

AEE and AChE at the retention time of 24.49 min. Minor marks of gallic acid, pyrocatechol

and p-coumaric acid were elected only with AME at time of retention of 5.7; 11.04 and 20.56

min.
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Figure 9. HPLC-DAD Chromatograms of A. odorata L. extracts.
ADE: decocted extract, AME: hydro-methanol extract; AEE: hydro-ethanol extract; AEAE: hydro-ethyl

acetate extract and AChE: hydro-chloroform extract.
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Table 1. Phenolic composition of ADE; AME; AEE; AEAE; AChE by HPLC-DAD (mg/qg).

Results

No Phenolic compounds RT (min) ADE AME AEE AEAE AChE

1 Gallic acid 5.70 - 0.80+0.05 - - -

2 Protocatechuic acid 8.75 2.24+0.02 2.86+0.12  3.92+0.10  3.75%0.08 2.70£0.14
3  Catechin 10.68 - - - - -

4 Pyrocatechol 11.04 - 1.28+0.07 - - -

5  Chlorogenic acid 12.35 33.43+0.18 45.08+0.36 39.75+0.26 56.44+0.48 27.17+0.52
6  p-hydroxy benzoic acid  12.77 1.80+0.06 4.20£0.17  3.17+0.11  2.65%0.14 1.42+0.06
7  6.7-Dihydroxy coumarin  14.10 0.59+0.03 - - - -

8  Caffeic acid 15.09 - - - - -

9  3-hydroxy benzoic acid  15.98 - - - - -

10  Syringic acid 16.56 - - - - -

11 Vanillin 17.78 - - - - -

12 p-coumaric acid 20.56 - 0.63+x0.05 - - -

13 Taxifolin 21.26 - - - - -

14 Ferulic acid 22.14 - 3.45+0.13 - - -

15 Coumarin 24.49 7.95+0.08 12.84+0.21 5.79+0.31 - 3.96+0.27



16
17
18
19
20
21
22
23
24
25
26

Rutin
Ellagic acid

Rosmarinic acid

Myricetin

Quercetin

trans-cinnamic acid

Luteolin
Hesperetin
Kaempferol
Apigenin
Chrysin

25.30
26.11
26.77
27.35
30.83
31.33
31.70
32.14
33.21
33.77
38.40

6.12+0.05
12.35+0.14
3.50+0.06
0.87+0.02

16.58+0.22
4.10+0.08
3.95+0.03

6.35+0.09
9.75+0.11
3.70+0.04
1.12+0.05

2.90+0.02

2.85+0.09
6.12+0.05
2.84+0.13
0.75+0.01

0.52+0.04

4.20+0.10
14.95+0.17
3.71+0.20
1.19+0.04

4.98+0.16
0.87+0.06
0.69+0.03

1.56+0.11
5.13+0.16
2.20+0.05
0.59+0.03

0.66+0.02

Results

ADE: decocted extract, AME: hydro-methanol extract; AEE: hydro-ethanol extract; AEAE: hydro-ethyl acetate extract and AChE: hydro-chloroform extract. ®VValues expressed
as means + SEM of three parallel measurements (P<0.05). -: not detected.
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2. Toxicity

2.1. Determination of cytotoxic activity (Cell viability assay)

Cellular proliferation was assessed using the MTT assay on the lung cancer cell line H1299
for 72 hours. As illustrated in the figure 11, extracts from A. odorata L. exhibited varying
degrees of activity against the tested cancer cell line, leading to the inhibition of cellular
proliferation ranging from good to moderate. AChE displayed the most potent antiproliferative
activity, followed by AME, AEAE, AQE, and AEE, in descending order of efficacy.
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Figure 10. Cytotoxic activities of A. odorata L. extracts against lung cancer cell line (HT-29).

ADE: decocted extract, AME: hydro-methanol extract; AEE: hydro-ethanol extract; AEAE: hydro-ethyl acetate
extract and AChE: hydro-chloroform extract. ****; P<0.0001 vs control.

2.2. Acute oral toxicity
2.2.1 Behavioral observations and mortality patterns

The current research, conducted in accordance with OECD guideline 425, demonstrated that
both ADE and AME did not induce any alterations in the behavior of rats over the study
duration. Moreover, no instances of mortality were observed during the two-week period,
indicating that the LDso exceeds 5000 mg/kg.
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2.2.2 Biochemical parameters

Statistical analysis of the assessed parameters indicates that there were no significant
differences between the treated males and the control group, with the exception of a significant
reduction in creatinine levels (P<0.1) observed in treated rats at a 2000 mg/kg of ADE (Figure
12).
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Figure 11. Biochemical parameters of control and rats treated with ADE and AME measured
during the acute toxicity.

ADE: decocted extract, AME: hydro-methanol extract. Values were expressed as mean £ SEM (n = 5). *: P<0.05
vs control, ns; no significant difference (P>0.05).
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2.2.3 Liver and kidneys histopathology

The histopathological assessment of the vital organs, specifically the liver and kidney
(Figure 13) did not reveal any significant macroscopic or histological alterations in animals
administered with ADE and AME at doses of 2000 and 5000 mg/kg. The liver exhibited a
regular structural pattern with no signs of lesions or inflammation. The kidney displayed well-

preserved glomeruli and normal tubules.
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toxicity (x 100).

ADE: decocted extract, AME: hydro-methanol extract. (Al, B1, C1, D1 and E1): liver histopathology of control
group, ADE 5g/kg, ADE 2g/kg, AME 5g/kg and AME 2g/kg groups, respectively. (A2, B2, C2, and E2): kidney
histopathology of control group, ADE 5g/kg, ADE 2g/kg, AME 5g/kg and AME 2g/kg groups, respectively.

3. Invitro biological activities
3.1. Antioxidant activities
3.1.1 DPPH free radical-scavenging assay

The anti-radical activity was assessed using the DPPH radical method, which is frequently
employed due to its simplicity. This method is based on the reduction of a methanolic solution
of DPPH in the presence of an antioxidant, which donates a hydrogen or an electron to convert
DPPH into its non-radical form, DPPH-H. The antioxidant activity of the extracts is expressed
as ICso (Table 2). Most of the extracts exhibited very strong anti-radical activity against DPPH,
with values ranging from 15.17 £ 0.22 to 31.88 + 0.71 pug/mL compared to the BHA as standard
(19.82 £ 0.33 pg/mL), The majority of the extracts (AME, AEAE and AEE) showed a superior
scavenging activity (P<0.0001) than BHT.
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3.1.2 ABTS radical scavenging activity

ABTS assay, one of the well-established methods to measure the antioxidant activity, in
terms of hydrogen donation and inhibition of oxidation chain reactions. This test is based on
the oxidation of The ABTS radical by peroxyl radicals to form a stable radical that absorbs light
between 600 and 750 nm. Absorption decreases in the presence of antioxidants, indicating
radical scavenging ABTS. According to the present work, the ability of A. odorata L. extracts
to scavenge the radical ABTS are shown in table 2. Comparing to standards (a-tocopherol and
BHA), all extracts exhibited high antioxidant activity and in the following order: AME (ICso =
13.46 £1.158 pg/mL) > AEE (ICs0 = 15.34 £ 1.16 pg/mL) > ADE (I1Cs0 = 16.38 £ 1.153 pg/mL)
> AEAE (ICs0 = 18.84 £ 1.156 pg/mL) > AChE (ICso = 20.25 + 1.167 pg/mL). The AME and
AEE showed a significant activity almost similar to those of BHA (ICso= 13.21 pg/mL; P
>0.05).

3.1.3 p-carotene/linoleic acid assay

In B-carotene bleaching assay, linoleic acid produces hydrogen peroxide. The bleaching of
yellow color of B-carotene is due to peroxide free radicals. The rate of B-carotene bleaching can
be delayed with the presence of antioxidants. As the B-carotene bleaching assay employs a
model lipid substrate (Linoleic acid), the measuring environment is closer to the real lipid

system.

In this assay, all of the extracts, a-tocopherol and BHA were able to prevent degradation of
B-carotene during the assay. As shown in table 2. AEAE is the best inhibitor of the oxidation
of B-carotene (ICso=5.97 £ 0.60 pg/mL) followed by AME (8.51 + 0.16 pg/mL), AEE (11.55
+ 0.95 pg/mL) and AChE (13.80 £ 0.37 pg/mL) and ADE (14.66 £ 0.30 pg/mL). None of the
extracts exhibited activity comparable to that of the standard a-tocopherol (P<0.0001).

3.1.4 Ferrous ion chelating activity

In the study of the chelation of metals by antioxidants in the A. odorata L. extracts were
showed in table 2 compared with EDTA. Extracts show good to moderate metal chelating
activity in the following order AME >ADE > AEAE > AEE >AChE. The methanolic extract
showed the moderate antioxidant activity with an 1Csg value of 56.12 + 0.61 pg/mL. This value
found moderate compared to the strong metal chelate standard EDTA (P<0.0001). The
chelating ability of all extracts was lower than that of EDTA (P<0.0001).
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3.1.5 Reducing power of FeCls

Reducing power assays are often used as an indicator of electron-donating activity, which is
an important mechanism of antioxidant compounds. Therefore, FRAP and CUPRAC and
phenanthroline methods were applied to evaluate reducing power potentials of A. odorata L.

extracts. Lower Ao value indicates higher reducing potential.

The ability to convert Fe** ions into Fe?* ions by the various studied extracts appears to be
highly important. It was found that all extracts prepared from A. odorata L., demonstrate very
potent reducing activities and are ranked in the following ascending order AME (Aos=9.918 +
0.019 pg/mL) <ADE (Aos=19.50 + 0.83 pg/mL) < AEE (Aos=20.02 £+ 0.40 pg/mL) < AEAE
(Aos= 24.38 £ 0.43 pg/mL) < AChE (Aos= 39.61 + 0.05 pg/mL). AME showed the better
reducing power than other extracts while AChE showed the lowest one. Only AME exhibited
activity comparable to that of a-tocopherol (Aos= 9.063 = 0.030 pg/mL, P>0.05) (Table 2).

3.1.6 Cupric-reducing antioxidant capacity (CUPRAC)

The CUPRAC test is one of the most commonly used methods to determine antioxidant
capacity by reducing Cu?* using bis(neocuproine) to form a stable complex that absorbs at 450
nm. Absorption increases in the presence of antioxidants. The ability of the various extracts to
reduce copper ions is shown in Table 2. The enhancement of the reducing effect of various
extracts is ranked as follows: AME < AEAE < AEE < ADE < BHA < AChE. Overall, all the
extracts exhibit potent antioxidant activity, AME demonstrating the highest activity. Notably,
AME, AEAE, AEE, and ADE show potential superiority compared to the standard.

3.1.7 Phenanthroline assay

The phenanthroline activity of the extracts was determined and compared to standard (BHA),
the results were in the following order of activity; AME > ADE > AEE > AEAE > AChE, the
highest reducing power was shown by AME (Ao.s=6.22+0.04) which was clearly the best and

quite closer compared with standards (Table 2).
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Table 2. Antioxidant activity of the extracts by B-Carotene-linoleic acid, DPPHe, ABTSe, CUPRAC and metal chelating assays.

Results

Antioxidant Activity

p-Carotene-

Metal

linoleicacid DPPH®assay ABTS™assay chelating CUPRAC assay Svigggsgg Phenanthroline assay
assay assay b Y
1Cso 1Cso 1Cso 1Cso Ao.50 Ao.50 Ao.50
(Mg/mL) (Mg/mL) (Mg/mL) (Mg/mL) (Mg/mL) (Mg/mL) (Mg/mL)
ADE 14.66+0.30"  31.88+0.71"  16.38+1.153™  £8.41+0.89"" 22.48+0.93 19.50+0.83™"" 8.50+0.07™
AME 8.51+0.16™  15.17+0.22" 13.46+1.158"™  56,12+0.61™"" 10.28+0.67 ™ 9.918+0.019 ™ 6.22+0.04"
o AEE 11.5540.95"  15.78+0.33"  15.34+1.16 ™ 107.2+0.81° 22.39+0.76 20.02+0.40™ 12.16+0.8""
(&)
@
£ AEAE 5.97+0.60™  17.31+0.20™""  18.84%1.156""  86.28+1.18™" 12.27+0.70 24.38+0.43"" 24.05+0.297"
LLl
AChE 13.80+0.37"  26.06+0.41"  20.25+1.167"" 128.5+0.85"" 31.14+0.95 ™ 39.61+0.05™" 24.75+0.06™""
w» O 2.25+0.07 NT 35.50+0.56 NT NT 9.063+0.030 NT
c‘% Tocopherol
S BHA 1.40+0.03 19.82+0.33 12.47+0.35 NT 25.50+0.43 NT 5.024+0.04
©
)
@ EDTA NT NT NT 5.60+0.45 NT NT NT

Table 2. Antioxidant activity of the extracts by -carotene-linoleic acid, DPPH, ABTS, CUPRAC and metal chelating assay

¢ NT: not tested.

2Values represent the means + SEM of three parallel sample measurements (p < 0.05).

ADE: decocted extract, AME: hydro-methanol extract; AEE: hydro-ethanol extract; AEAE: hydro-ethyl acetate extract and AChE: hydro-chloroform extract. *; P<0.1, **;

P<0.01, ****; P<0.0001 vs standards. ns; no significant difference (P>0.05).
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3.2. Enzymatic inhibition activities
3.2.1 AChE and BChE inhibition activity

The table 3 illustrates the enzyme inhibitory activities of A. odorata L. extracts and standard
compounds against AChE and BChE, expressed as the percentage of inhibition. ADE, AME,
and AChE exhibited relatively weak anti-AChE and BChE activities compared to galantamine
(85.48 £ 0.62% for AChE and 74.63 £ 0.25% for BChE; P<0.0001). In contrast, AEE and
AEAE showed good anti-BChE activity (51.23 £ 0.85% and 53.70 + 0.49%, respectively) but

remained incomparable to the standard (P<0.0001).

3.2.2 a-amylase and a-glucosidase inhibition activity

The table 3 reveals the a-amylase inhibition activity of A. odorata L. extracts. The best a-
amylase inhibition activity from A. odorata L. was obtained by AEAE (67.11 £ 0.79%),
followed by AEE (27.44 + 0.32%), ACHE (25.66 + 0.27%), AME (22.71 + 0.64%), and the
lowest one was ADE (15.25 * 0.33%). All extracts had a significant difference compared to the
standard (P<0.0001).

The a-glucosidase inhibitor effects of the extracts are presented in the table 3. The
investigation showed that AEAE had a good a-glucosidase inhibition effect with a percentage
of inhibition of 52.18 + 0.35, followed by a moderate inhibition of AME (37.56 + 0.76%), AEE
(33.56 £ 0.17%), AChE (24.22 + 0.43%), and ADE (23.17 £ 0.63%). The activity of all extracts
was lower than acarbose as a standard (57.70 £ 0.75; P<0.0001).

3.2.3 Tyrosinase inhibition activity

The inhibitory effects of A. odorata L. extracts on tyrosinase activity are presented in table
3 (% of inhibition). The extracts inhibited tyrosinase activity in the following order: AEAE
(%=36.70 + 0.62) < AEE (%= 31.54 + 0.53) < AME (%=30.71 + 0.43) < AChE (%=23.46 +
0.71) < ADE (%=17.85 £ 0.36). All extracts exhibited inhibition lower than the standard, kojic
acid (%= 79.50 £ 0.32).
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Table 3. Antidiabetic, cholinesterase, and tyrosinase inhibitory activities of the extracts.

Results

Cholinesterase inhibitory activity

Anti-diabetic activity

AChE BChE a-glucosidase a-amylase Tyrosinase inhibitory

Extracts/ Inhibition (%0) Inhibition (%0) Inhibition (%) Inhibition (%) Inhibition (%0)
Standards (at 100 pg/mL) (at 100 pg/mL) (at 200 pg/mL) (at 200 pg/mL) (at 100 pg/mL)
ADE 39.25+0.75"" 31.44+0.177 23.17+0.63" 15.25+0.33"" 17.85+0.36""
AME 46.40+0.33™ 43.67+0.54™ 37.56+0.76™"" 22.71+0.64™ 30.71+0.43"
AEE 18.27+0.50™" 51.23+0.85"" 33.56+0.177" 27.44+0.327" 31.54+0.53""
AEAE 28.67+0.57" 53.70+0.49" 52.18+0.35"" 67.11+0.797 36.70+0.62""
AChE 23.20+0.22" 39.21+0.25"" 24.22+0.43" 25.66+0.277" 23.46+0.717
Galantamine 85.48+0.62 74.63+0.25 NT NT NT
Acarbose NT NT 57.70+0.75 82.10+0.27 NT
Kojic acid NT NT NT NT 79.50+0.32

Values represent the means + SEM of three parallel sample measurements (p <0.05).
NT: not tested. ADE: decocted extract, AME: hydro-methanol extract; AEE: hydro-ethanol extract; AEAE:

*: P<0.1 **; P<0.01, ****; P<0.0001 vs standards. ns; no significant difference (P>0.05).
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4. Gastric emptying and small intestine transit in mice
4.1. Effect of ADE and AME on intestinal transit in mice

The results about the effects of various doses of A. odorata L. extracts, and standard drug
on intestinal motility are depicted in figure 14. Both two tested extracts decreased the transit of
phenol red through the small intestine compared to the vehicle (65.17 £ 3.69%). Indeed, the
ADE at 100, 200, and 400 mg/kg significantly decrease the intestinal transit (45.62 + 2.69%);
P<0.01, 42.92 £+ 4.91%; P<0.001, 28.80 + 3.02%; P<0.0001, respectively) compared to the
control group (CMC 1,5%) (62.31% = 2.34; P<0.0001). The doses (200 and 400 mg/kg) from
ADE showed a dose dependent reduction of intestinal transit (P<0.01). Moreover, as expected,
antagonist effects have been observed following the use of standard drug, Atropine (decreased
29.29 £ 3.11%) on the transit motility assessment. Only 400 mg/kg dose showed no significant
difference (P>0.05) compared to the atropine as standard. All doses of AME attenuated the
intestinal transit 49.53 + 2.34%; P<0.1, 45.61 £ 1.98%; P<0.01, 42.47 + 2.77%; P<0.001,
respectively) compared to the vehicle. The intestinal transit effect of the tested doses except
400 mg/kg dose was not significantly different in comparison between ADE and AME
(P>0.05).
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Figure 13. Effects of ADE and AME on intestinal transit in mice.

ADE: decocted extract. Bars represent means + SEM (n=9). *; P<0.1, **; P<0.01, ***; P<0.001, ****; P<0.0001
vs vehicle as negative control. $$; P<0.01, $$$; P<0.001 vs atropine as positive control. ns; no significant
difference (P>0.05).
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4.1.1 Mechanisms of the ADE effect on intestinal transit

In order to determine the mechanism of action of ADE and AME on gastric emptying and
intestinal transit, another series of experiments was conducted. ADE was administered at a dose
of 200 mg/kg in the presence of different pharmacological substances. The treatment of mice
with atropine (Atr) (3.45x10° mmoL/kg), L-arginine (L-arg) at 1.72 mmolL/kg, or
indomethacin (Indo) (1.39x102 mmoL/kg) significantly reduced transit to 29.29 + 2.01%,
39.99+1.44%, and 44.27 £ 1.87%, respectively (P<0.0001). Similarly, these pharmacological
agents, which were used previously, reduced gastric emptying rates to 45.82%, 60.78%, and
43.58% (P<0.0001) for atropine, L-arginine, and indomethacin, respectively (Figure 15).

Blocking muscarinic receptors with atropine in the presence of ADE significantly reduced
intestinal transit (39.09 * 2.36%; P<0.0001) compared to the vehicle. This effect on intestinal
transit observed with atropine was still non-significant (P<0.05) than that obtained with the
extract alone, although it showed a significant difference (P<0.01) compared to the animals
pretreated only with atropine.

Treatment of mice with L-arginine (a NO donor via NOS) and ADE significantly reduced
intestinal transit (46.81 + 2.87%, P<0.0001) compared to the vehicle. There was no significant
difference compared to the effect of L-arginine alone (P>0.05).

The intraperitoneal administration of indomethacin (a prostaglandin production inhibitor)
with ADE reduced intestinal transit (48.20 + 2.13%, P< 0.0001) compared to the vehicle but
remained unchanged compared to the extract alone (P>0.05). The intestinal transit rate of ADE
in the presence of indomethacin was comparable to that of indomethacin alone (P>0.05) (Figure
15).
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Figure 14. Effect of ADE in absence and in presence of atropine, L-arginine or indomethacin
on intestinal transit.

ADE; decocted extract. Bars represent means + SEM (n=9). ***%*; P<(.0001 vs vehicle as negative control. $$$$;
P<0.0001 in comparison between both effects of ADE in absence and in presence of atropine, or indomethacin.
ns; no significant difference (P>0.05).

4.1.2 Mechanisms of the AME effect on intestinal transit

Treatment of mice with atropine and AME (200 mg/kg) simultaneously reduced intestinal
transit rates to 41.95 + 1.24 % (P<0.0001) compared to the vehicle. Although the decrease in
transit was non-significant compared to AME alone (P>0.05), the latter's rate remained non-
comparable to that of atropine alone (P<0.01). Intraperitoneal administration of indomethacin
with AME induced a slight but non-significant decrease in intestinal motility to 38.61 + 1.88 %
(P>0.05), comparable to AME alone. No significant difference (P>0.05) was demonstrated
compared to the group pretreated with indomethacin alone. Oral administration of L-arginine
with AME induced intestinal transit rates that were statistically unchanged compared to L-
arginine alone (45.13 £ 1.60 %, P>0.05) (Figure 16).
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Figure 15. Effect of AME in absence and in presence of atropine, L-arginine or indomethacin
on intestinal transit.

AME; hydro-methanol extract. Bars represent means + SEM (n=9). ****; P<(0.0001 vs vehicle as negative control.
$$$8; P<0.0001 in comparison between both effects of ADE in absence and in presence of atropine or
indomethacin. ns; no significant difference (P>0.05).

4.2. Effect of ADE and AME on gastric emptying in mice

As illustrated in figure 17, the present investigation suggests that oral administration of A.
odorata L. extracts produced relaxing actions on emptying of contents from the stomach into
the duodenum and leads to a reduced effect on stomach emptying process. Indeed, the
pretreatment of mice with ADE sample at three different doses (100, 200, 400 mg/kg) reduce
this action significantly (57.87 = 3.97%, 48.72 =+ 2.01% and 42.81 = 3.96%; P<0.0001,
respectively) compared to the control group (80.11 + 3.99%). ADE at 200 and 400 mg/kg
showed no significant difference effects (P>0.05) compared to atropine as positive control
(44.26 £ 2.73%). Furthermore, AME at all doses significantly and not dose dependently
(P<0.0001) reduce gastric emptying compared to the vehicle, only 200 and 400 mg/kg doses
show no significant difference (P>0.05) compared to the atropine. The gastric emptying effect
of the tested doses was not significantly different in comparison between ADE and AME
(P>0.05).
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Figure 16. Effects of ADE and AME on gastric emptying in mice.

ADE; decocted extract, AME; hydro-methanol extract. Bars represent means £ SEM (n=9). ****; P<0.0001 vs

vehicle as negative control. $$; P<0.01, $$$; P<0.001 vs atropine as positive control. ns; no significant difference
(P>0.05).

4.2.1 Mechanisms of the ADE effect on gastric emptying

A significant reduction in gastric emptying was observed using atropine in the presence of

the extract at a dose of 200 mg/kg compared to the vehicle (P<0.0001) and to the extract alone

(P<0.01). The gastric emptying rate in this case was 32.66 + 2.45%. Moreover, a significant
difference was recorded between atropine + ADE (45.88 + 2.14%) and atropine alone (P>0.01).
Under the influence of NOS donation, oral administration of the ADE had a significant effect
on gastric emptying delay (46.81 * 2.45%; P<0.0001) compared to the vehicle. There was no
significant difference between the effects of ADE in the absence and presence of L-arginine
(P>0.05). No significant difference (P>0.05) was recorded between the effects of ADE and the
vehicle in animals pretreated only with L-arginine. Moreover, the combination of the extract
with indomethacin remained non-significant when compared to the group of indomethacin
alone (48.20 * 1.13%; P>0.05) (Figure 18).
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Figure 17. Effect of ADE in absence and in presence of atropine, L-arginine or indomethacin
on gastric emptying.

ADE; decocted extract. Bars represent means = SEM (n=9). ****; P<0.0001 vs vehicle as negative control. $$;
P<0.01 in comparison between both effects of ADE in absence and in presence of atropine, L-arginine or
indomethacin. ns; no significant difference (P>0.05).

4.2.2 Mechanisms of the AME effect on gastric emptying

The blockade of muscarinic receptors by atropine in the presence of AME induced a
significant reduction (51.56 + 2.34%; P<0.0001) in gastric emptying compared to the vehicle.
This gastric emptying effect observed with atropine remained lower (P>0.05) but not
significantly different than that obtained with the extract alone, while it had a significant

difference (P<0.0001) compared to the animals pretreated only with atropine (Figure 19).

Treatment of mice with L-arginine (NO donor by NOS) and AME significantly reduced
gastric emptying (45.04 + 2.69%, P< 0.0001) compared to the vehicle, and a significant
difference compared to the effect of L-arginine alone (P>0.001) was recorded. The
intraperitoneal administration of indomethacin (prostaglandin production inhibitor) with AME
reduced gastric emptying (50.60 + 2.86%, P< 0.0001) compared to the vehicle and remained
unchanged compared to the extract alone (P<0.05). Gastric emptying rate of AME in the

presence of indomethacin is comparable to that of indomethacin alone (P<0.05) (Figure 19).
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Figure 18. Effect of AME in absence and in presence of atropine, L-arginine or indomethacin
on gastric emptying.

AME; hydro-methanol extract. Bars represent means + SEM (n=9). ****; P<(0.0001 vs vehicle as negative control.
$; P<0.1 in comparison between both effects of AME in absence and in presence of atropine, L-arginine or
indomethacin. ns; no significant difference (P>0.05).

5. Ethanol-induced gastric ulceration in rats

5.1. Gastroprotective effect of ADE and AME

Intragastric administration of ethanol (100%) to the control group resulted in substantial,
band-like hemorrhagic erosions in the glandular stomach. Pre- treatment with ADE and AME
at the tested doses (100, 200 and 400 mg/kg, p.o.) and ranitidine (5 mg/kg) offered different
degrees of protection to the mucosa against all such damages caused by ethanol (Figure 20).
Compared with the ethanol treated animals (31.11 + 1.89%), all tested doses of ADE and AME
extracts significantly (P < 0.0001) decreased the ulcer gastric. Oral administration of 100, 200
and 400 mg/kg ADE induced a significant reduction of ulceration percentage ranging from 2.01
to 0.56 % respectively and comparable to that of ranitidine 5 mg/kg (0.80 + 2.01%, P>0.05).
However, significant ulceration diminution (P<0.05) of 4.44 + 2.45 and 1.72 + 2.34% was

observed following the use of 200 and 400 mg/kg AME respectively compared to positive
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control. No significant difference (P>0.05) between the different types of extracts except 100
mg/kg dose (P<0.1).
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Figure 19. Effects of ADE and AME on gastric ulcer in rats.

ADE; decocted extract, AME; hydro-methanol extract. Bars represent means + SEM (n=8). ****; P<(0.0001 vs
vehicle as negative control., $$; P<0.01 vs ranitidine as positive control. ns; no significant difference (P>0.05).

5.1.1 Mechanisms of the ADE gastroprotective effect

In a series of experiments, the mechanisms of the ADE gastroprotective effect was evaluated,
the extract was administered at a dose of 200 mg/kg in the presence of different
pharmacological substances: indomethacin (1.39x10 mmoL/kg), L-arginine (1.72 mmoL/kg),
L-NNA (1.36x10' mmoL/kg) or yohimbine (1.28x10-2 mmoL/kg) to investigate the potential

pathways involved in the gastroprotective effect of the extract.

L-arginine significantly reduced gastric ulcer formation to 2.60+0.23% (P<0.0001)
compared to the vehicle groupe (31.11 £+ 1.89%). When ADE was administered in the presence
of L-arginine, there was no significant difference in its effect (4.71 = 0.11%; P>0.05) compared
to ADE alone. Additionally, it showed no significant difference compared to the group treated
with L-arginine alone (P>0.05) (Figure 21).

No significant difference was observed between the rate of ulceration in ADE pretreated
with L-NNA and the group treated with L-NNA alone; in fact, it caused an increase in ulceration
(33.16 £ 3.56%; P>0.05) (Figure 21).
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On the other hand, when ADE was administered in conjunction with indomethacin and
yohimbine, it significantly protected against ethanol-induced ulcers (3.19 £ 1.27%; 3.20 +
2.09%; P<0.0001) compared to indomethacin and yohimbine treatments alone (20.90 + 3.21%;
14.55 £ 3.10%). A significant difference was recorded (P<0.0001) (Figure 21).
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Figure 20. Effect of ADE in absence and in presence of indomethacin, L-arginine, L-NNA or

yohimbine on gastric ulcer in ethanol-induced gastric mucosal lesions in rats.

ADE; A. odorata L. decocted extract. Bars represent means = SEM (n=9). ****; P<0.0001 vs vehicle as negative
control. $$$$; P<0.0001, $$3; P<0.001 in comparison between both effects of ADE in absence and in presence of
indo., L-agr., L-NNA or yoh. ns; no significant difference (P>0.05).

5.1.2 Mechanisms of the AME gastroprotective effect

The mechanisms of AME's gastroprotective effect are illustrated in the figure 22. Pre-
treatment with AME in the presence of L-arginine offered highly significant gastric protection
against ulcers caused by ethanol (9.23 + 0.12%; P<0.0001) compared to the vehicle groupe
(31.11 + 1.89%). There was a significant difference between the gastroprotective effects of
AME in the presence of L-arginine and the group treated with L-arginine alone (P<0.1). A
significant difference was observed in the rate of ulceration between the presence of AME and
L-NNA or the group treated with L-NNA alone (8.18 + 2.56%; P<0.0001).

On the other hand, AME under the influence of indomethacin and yohimbine provided

significant gastric protection against ulcers caused by ethanol (5.08 £ 0.27%; 1.05 + 1.61%;
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P<0.0001). However, there was no significant difference (P<0.05) between the effects of AME
in the presence and absence of indomethacin or yohimbine.
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Figure 21. Effect of AME in absence and in presence of indomethacin, L-arginine, L-NNA or
yohimbine on gastric ulcer in ethanol-induced gastric mucosal lesions in rats.

AME; hydro-methanol extract. Bars represent means + SEM (n=9). ****; P<(0.0001 vs vehicle as negative control.
$$$3; P<0.0001, $$$; P<0.001 in comparison between both effects of AME in absence and in presence of indo.,
L-agr., L-NNA or yoh., ns; no significant difference (P>0.05).

5.2. Macroscopic and histopathological examination of ADE and AME effect on ethanol-
induced gastric mucosa damage in rats

a) Macroscopic examination

Acute exposure of the gastric mucosa of rats to ethanol can result in gastric lesions similar
to those occurring in gastric ulcer; hence, ethanol-induced gastric ulcers have been widely used
for the evaluation of gastroprotective activity (Boligon et al., 2014). Accordingly, it was
observed that animals received 100% ethanol showed macroscopic lesions in gastric tissue,
such as loss of normal color and mucus along with presence of petechiae, hemorrhage and
edema (Figure 23, B). It is attenuated by the administration of ranitidine (5 mg/kg) (Figure 23,
C) and A. odorata L. extracts (100, 200,400 mg/kg) with a few fields of hyperemia (Figure 23).
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Figure 22. Effects of ADE and AME on the macroscopic appearance of the gastric mucosa in
ethanol-induced gastric mucosal lesions in rats.

(A) Normal control group. (B) The group pre-treated with NaCl vehicle as negative control. (C) The group
pretreated with ranitidine (5 mg/kg) as positive control. (D1, D2 and D3): The group pre-treated with ADE (100,
200 and 400 mg/kg, respectively). ADE: decocted extract. (E1, E2 and E3): The group pre-treated with AME
(100,200 and 400 mg/kg, respectively). AME: hydro-methanol extract. Black arrow: elongated bands of

hemorrhagic lesions.

b) Histopathological examination

In the present study, ethanol administration to rats induced macroscopic lesions of gastric
tissue, such as petechiae, hemorrhages and oedemas. 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 24). 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 24, A).
However, rats, 30 min after of exposure to ethanol presented damage to gastric tissue at a
microscopic level. Histopathological injury caused by ethanol administration is characterized
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by severe detachment of the surface epithelium, edema, formation of hemorrhagic and gastric
lesions, and an inflammatory process characterized by neutrophil infiltration (Figure 24, B). In
contrast, the stomach of a rat in the positive control group, pretreated with ranitidine plus
ethanol (Figure 24, C), maintains an intact histological mucosa structure, with mild edema,
infiltration of inflammatory cells (blue arrow), and mildly dilated blood vessels (green arrow)
in the submucosa compared to the ulcer control rats. Rats pre-treated with ADE (Figure 24,
D123) and AME (Figure 24, E123) exhibit progressively better protection, characterized by an
intact gastric epithelium and reduced or complete absence of edema and leukocyte infiltration

(blue arrow).

Figure 23. Histological examination for the protective effect of ADE and AME against ethanol-
induced gastric damage in rat stomach tissue (magnification 100x).

(A): Normal control group. (B): The group pre-treated with NaCl as negative control. (C): The group pretreated with ranitidine
(5 mg/kg) as positive control. (D1, D2 and D3): The groups pre-treated with ADE (100, 200 and 400 mg/kg, respectively).
ADE: A. odorata L. decocted extract. (E1, E2 and E3): The groups pre-treated with AME (100, 200 and 400 mg/kg,
respectively). AME: A. odorata L. hydro-methanol extract. Red arrow: surface epithelium damage and hemorrhagic necrosis
penetrating deeply into gastric mucosa. Blue arrow: edema of submucosa and inflammatory cell infiltration. Green arrow:

congestion of blood vessels. muc: mucosa, musc muc: muscularis mucosa, sub muc: submucosa.
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5.2.1 Macroscopic and histopathological examination of mechanisms of ADE effect on

ethanol-induced gastric mucosa damage in rats
a) Macroscopic examination

The figure 25 illustrates the impact of ADE on ethanol-induced gastric mucosa damage in
rats when combined with different pharmacological substances. Moderate injuries are seen in
the gastric mucosa with indomethacin either in the absence of ADE (Figure 25, B1) or in its

presence (Figure 25, B2), compared to negative control (Figure 25, Al).
Rats pre-treated with L-arginine, both with and without ADE (Figure 25, C1 and C2),

showed significantly reduced gastric ulcer formation compared to the negative control group.
This effect was similar to using ADE at a dose of 200 mg/kg (Figure 25, A2).

In contrast, L-NNA, whether administered with or without ADE (Figure 25, D1 and D2),
resulted in a higher gastric ulcer area compared to the negative control group. Rats pre-treated
with yohimbine (Figure 25, E1) exhibited milder gastric mucosa injuries than the negative
control group. However, when yohimbine was combined with ADE (Figure 25, E2), it reduced
the formation of gastric lesions, similar to the effect of ADE at a dose of 200 mg/kg.
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Figure 24. Effect of ADE in absence or presence of different pharmacological substances on the
macroscopic appearance of the gastric mucosa in ethanol-induced gastric mucosal lesions in rats.

(Al): The group pre-treated with NaCl as negative control. (A2): The group pre-treated with ADE (200 mg/kg).
(B1, C1, D1, E1): The groups pre-treated with indomethacin, L-arginine, L-NNA or yohimbine in absence of ADE.
(B2, C2, D2, E2): The groups pre-treated with indomethacin, L-arginine, L-NNA or yohimbine, respectively in
presence of ADE. ADE: decocted extract. Black arrow: elongated bands of hemorrhagic lesions.

b) Histopathological examination

Figure 26 showed a histopathological analysis of ADE effect in absence or presence of
different pharmacological substances, on the microscopic appearance of the gastric mucosa in
ethanol-induced gastric mucosal lesions in rats. Histological observation confirms the ability of
ADE (Figure 26, A2) at dose 200 mg/kg to reduce ethanol-induce gastric damage in the
superficial layer of the gastric mucosa and further highly significantly reduced oedema and
leucocytes infiltration (Blue arrow) in submucosa compared to the ulcer control group (Figure
26, Al). Indomethacin administration in the presence of ADE extract (Figure 26, B2)
significantly reduced moderately leucocytes infiltration (blue arrow) and the congestion of
blood vessels (Green arrow) in the submucosal compared to indomethacin effect in absence of
ADE (Figure 26, B1). There is no disruption to the surface mucosal epithelium, reduced
leucocyte infiltration and moderate dilated blood vessels in the gastric submucosa of rats treated
with the L-arginine in the absence of ADE (Figure 26, C1) and in its presence (Figure 26, C2).
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It appeared similar to the ADE alone (Figure 26, A2). There are severe submucosal oedema and
leucocytes infiltration (Blue arrow) in rats pretreated with L-NNA (Figure 26, D1) alone and in
rats pretreated with both L-NNA and ADE (Figure 26, D2), compared to the negative control
(Figure 26, Al). In rats pretreated with yohimbine (Figure 26, E1); there is a moderate
disruption to the surface epithelium and, significant leucocytes infiltration (Blue arrow) and
congestion of blood vessels (Green arrow) in the submucosal layer, compared to that seen in
the vehicle as negative control rats. However, the yohimbine in the presence of ADE extract
(Figure 26, E2) significantly reduced the oedema, leucocytes infiltration (Blue arrow) and the
congestion of blood vessels (Green arrow) in the submucosal compared to yohimbine effect in
absence of ADE. ADE effect in presence of yohimbine appeared better to its effect in absence

of yohimbine.
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Figure 25. Histological examination for the protective effect of ADE in absence or presence of
different pharmacological substances, against ethanol-induced gastric damage in rat stomach
tissue (magnification 100x).

(Al): The group pre-treated with NaCl as negative control. (A2): The group pre-treated with ADE (200 mg/kg).
(B1, C1, D1 and E1): The groups pre-treated with indomethacin, L-arginine, L-NNA or yohimbine, respectively
in absence of ADE. (B2, C2, D2 and E2): The groups pretreated with indomethacin, L-arginine, L-NNA or
yohimbine, respectively in presence of ADE. ADE: decocted extract. Red arrow: surface epithelium damage and
hemorrhagic necrosis penetrating deeply into gastric mucosa. Blue arrow: oedema of submucosa and inflammatory
cell infiltration. Green arrow: congestion of blood vessels.
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5.2.2 Macroscopic and histopathological examination of mechanisms of AME effect on

ethanol-induced gastric mucosa damage in rats
a) Macroscopic examination

The macroscopic examination of AME effect in absence or presence of different
pharmacological substances, on ethanol-induced gastric mucosa damage is shown in figure 27.
The administration of indomethacin provided a moderate to severe gastric injury against ulcer
caused by ethanol (Figure 27, B1). Whereas, the pre-treatment with both indomethacin and
AME provides a milder effect (Figure 27, B2) compared to that in presence of indomethacin
alone. It was similar to the AME effect (Figure 27, A2).

Intragastric administration of L-arginine alone (Figure 27, C1) or in combination with AME
(Figure 27, C2) ameliorated gastric lesions to a lesser extent than those observed in the vehicle-
treated negative control (Figure 27, Al). However, a difference was observed in the effect of
L-arginine in the presence and absence of AME on stomach lesions. L-NNA caused severe
damage to the gastric mucosa when administered without AME (Figure 27, D1). However, in
the presence of AME (Figure 27, D2), the extent of damage was reduced, resulting in moderate
lesions compared to the negative control. On the other hand, yohimbine resulted a moderate
gastric injury (Figure 27, E1) compared to the ethanol-induced ulcer negative group. However,
pretreatment with both yohimbine and AME provided better protection (Figure 27, E2) than
yohimbine alone. This effect was similar to the AME effect (Figure 27, A2).
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Figure 26. Effect of AME in absence or presence of different pharmacological substances on
the macroscopic appearance of the gastric mucosa in ethanol-induced gastric mucosal lesions
in rats.

(Al): The group pre-treated with NaCl as negative control. (A2): The group pre-treated with AME (200 mg/kg).
(B1, C1, D1, E1): The groups pre-treated with indomethacin, L-arginine, L-NNA or yohimbine in absence of
AME. (B2, C2, D2, E2): The groups pre-treated with indomethacin, L-arginine, L-NNA or yohimbine, respectively
in presence of AME. AME: hydro-methanol extract. Black arrow: elongated bands of hemorrhagic lesions.

b) Histopathological examination

The microscopic analysis of the effects of AME in the presence or absence of various
pharmacological substances on ethanol-induced damage to the gastric mucosa is presented in
Figure 28. When indomethacin was administered along with AME extract (Figure 28, B2), there
was a significant reduction in moderate leukocyte infiltration (indicated by the blue arrow) and
congestion of blood vessels (indicated by the green arrow) in the submucosal area compared to
the effect of indomethacin alone in the absence of AME (Figure 28, B1). This effect resembled
the impact of AME treatment alone (Figure 28, A2).
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In the absence of AME, animals receiving L-arginine (Figure 28, C1) were completely
protected against the damaging effects of ethanol, preserving all histological aspects when
compared to the control animal group (Figure 28, Al). However, in the presence of AME, there
was a moderate leukocyte infiltration (blue arrow) and congestion of blood vessels (Green

arrow) observed in the submucosal region due to L-arginine administration (Figure 28, C2).

L-NNA caused severe necrosis of the gastric mucosa (indicated by the red arrow) with
leukocyte infiltration (Blue arrow), and congestion of blood vessels (Green arrow) in the
submucosa when administered without AME (Figure 28, D1). However, in the presence of
AME (Figure 28, D2), the extent of damage was reduced, resulting in moderate leukocyte

inflammation compared to the negative control (Figure 28, Al).

On the other hand, yohimbine induced moderate gastric injury (Figure 28, E1) compared to
ethanol-induced ulcer group. However, pretreatment with both yohimbine and AME provided
better protection (Figure 28, E2) than yohimbine alone (Figure 28, E1). This combination

significantly reduced the infiltration and congestion of both mucosa and submucosa. This effect
was similar to the AME effect (Figure 28, A2).
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Figure 27. Histological examination for the protective effect of AME in absence or presence of
different pharmacological substances, against ethanol-induced gastric damage in rat stomach
tissue (magnification 100x).

(Al): The group pre-treated with NaCl as negative control. (A2): The group pre-treated with AME (200 mg/kg).
(B1, C1, D1 and E1): The groups pre-treated with indomethacin, L-L-arginine, L-NNA or yohimbine, respectively
in absence of AME. (B2, C2, D2 and E2): The groups pretreated with indomethacin, L-arginine, L-NNA or
yohimbine, respectively in presence of AME. AME: hydro-methanol extract. Red arrow: surface epithelium

damage and hemorrhagic necrosis penetrating deeply into gastric mucosa. Blue arrow: oedema of submucosa and

inflammatory cell infiltration. Green arrow: congestion of blood vessels.
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5.3. Determination of mucus in gastric layer

The effects of ADE and AME on gastric mucus content are shown in figure 29. Compared
to the vehicle (64.78 g of Alcian blue/g of wet tissue), ADE and AME extracts increased the
gastric mucus content. All ADE doses (100, 200 and 400 mg/kg) had very highly significantly
ulcer protective effect (124.01 + 10.92 pg of Alcian blue/g of wet tissue, 158.08 + 20.11 ug
of Alcian blue/g of wet tissue, 185.28 + 9.43 pg of Alcian blue/g of wet tissue, respectively;
P<0.0001). AME at 400 mg/kg exhibited a good gastric mucus content (145.91 + 12.01 pg of
Alcian  blue/g of wet tissue, P<0.0001) compared to the vehicle.
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Figure 28. Effects of ADE and AME on gastric mucus content in ethanol-induced gastric ulcer.

ADE; decocted extract, AME; hydro methanol extract. Bars represent means £ SEM (n=8). **; P<(0.01, ****;
P<0.0001 vs vehicle as negative control. $$; P<0.01, $3$$; P<0.001, $$$$; P<0.0001 vs ranitidine as positive
control. ns; no significant difference (P>0.05).
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5.4. Evaluation of in vivo antioxidant activity of gastric homogenate
5.4.1 Estimation of gastric total proteins content

Treatment of rat’s stomachs with different doses (100, 200 and 400 mg/kg) of ADE and
AME result a significant augmentation (from P<0.001 to P<0.0001) of total gastric proteins
level except groups treated with 100 mg/kg of both extracts showed any effect compared to the
vehicle (P>0.05). 200 and 400 mg/kg doses from ADE (0.48 + 0.034 proteins mg/mL; 0.53 +
0.039 proteins mg/mL) and AME (0.41 + 0.029 proteins mg/mL; 0.49 £ 0.034 proteins mg/mL)
showed no significant difference in gastric proteins contents compared to ranitidine (P>0.05)
(Figure 30).
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Figure 29. Effects of ADE and AME on total protein level of stomach tissue in ethanol-induced
gastric mucosal lesions in rats.

ADE; decocted extract, AME; hydro-methanol extract. Bars represent means + SEM (n=8). ***; P<(0.001, ****;
P<0.0001 vs vehicle as negative control., $$$; P<0.001, $$3$$; P<0.0001 vs ranitidine as positive control. ns; no
significant difference (P>0.05).
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5.4.2 Estimation of catalase activity

Statistical analysis revealed a significant increase in CAT activity in gastric tissue after
treatment with ADE and AME (200 and 400 mg/kg) when compared to control group (2.90 +
0.98 CAT nmoL/min/mg). In addition, the ranitidine at 5 mg/kg group was able to significantly
reversed the decrease on CAT activity induced by ethanol (8.65 = 0.81 nmoL/min/mg) (Figure
31).
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Figure 30. Effects of ADE and AME on CAT activity of stomach tissue in ethanol-induced
gastric mucosal lesions in rats.

ADE; decocted extract, AME; hydro-methanol extract. Bars represent means £ SEM (n=8). *; P<0.1, ****;
P<0.0001 vs vehicle as negative control, $; P<0.1, $$$; P<0.001, $$$$; P<0.0001 vs ranitidine as positive control.
ns; no significant difference (P>0.05).

5.4.3 Assessment of reduced glutathione

Treatment of rats with both ADE and AME extracts showed significant increase at all doses
(100, 200 and 400 mg/kg) (P<0.1; P<0.001; P<0.0001) compared with the vehicle treated
animal group (40.44 + 0.69 nmoL TNB/g tissue) (Figure 32). Whereas, these values were higher
than the positive control (45.48 = 0.51 nmoL TNB/g tissue).
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Figure 31. Effects of ADE and AME on GSH level of stomach tissue in ethanol-induced gastric
mucosal lesions in rats.

ADE; decocted extract, AME; hydro-methanol extract. Bars represent means + SEM (n=8). *; P<0.1, **%*;
P<0.001, ****; P<0.0001 vs vehicle as negative control., $$$; P<0.001, $$$3$; P<0.0001 vs ranitidine as positive
control. ns; no significant difference (P>0.05).

5.4.4 Lipid peroxidation estimation

The ethanol group showed a change on oxidative markers with an increase on lipid
peroxidation (13.16 = 0.64 MDA pmolL/g tissue). However, the animals which received
ranitidine at 5 mg/kg, ADE or AME at 100, 200 and 400 mg/kg completely attenuated the
damage induced by ethanol (P<0.0001). Furthermore, ADE and AME, at all doses tested, were
able to significantly prevent the increase on lipid peroxidation better than the positive control
(5.75 £ 0.69 pumolL/g tissue) (Figure 33).
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Figure 32. Effects of ADE and AME on MDA level of stomach tissue in ethanol-induced
gastric mucosal lesions in rats.

ADE; decocted extract, AME; hydro-methanol extract. Bars represent means = SEM (n=8). ****; P<(0.0001 vs
vehicle as negative control., $$$; P<0.001, $$$$; P<0.0001 vs ranitidine as positive control. ns; no significant
difference (P>0.05).
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Discussion

1. Extraction yield

Achillea genus is used traditionally for treating many disorders and is viewed as a popular
plant in many countries in the world and may be considered a functional food; this feature has
been attributed to its high bioactive content and diversity of terpenes, flavonoids, coumarins,
phenolic acids (Rahimmalek et al., 2009). The distinctive structures and functional groups of
plant phytochemicals are known to affect their polarity and solubility in the different extraction
solvents used, and thus the yields would be dependent on such characteristics. Methanol is
frequently reported to generate the highest yields when used as an extracting solvent (Abrahim
et al., 2012). Moreover, the extraction yield for most extract plants was directly proportional to
the polarity of solvents. For instance, methanol and chloroform each gave the highest and lowest
extraction yield, respectively. This finding is in agreement with Do et al., (2014) who
demonstrated the superiority of polar solvents with hydroxyl groups such as methanol and water
in extracting solid mass from plant samples. In the present study, the overall crude extraction
yield which ranged from 4.0% to 16.6% was lower than those reported by Boutennoun et al.,
(2017) (18.2%) and higher than the yield extraction found by Benali et al., (2020) (0.37-1.04%)
for the essential oil of the same plant. This could be explained by the type of solvents and

method of extraction used in those studies.
2. Phytochemical screening

A. odorata L. extracts were examined for their total polyphenols, flavonoids and tannins, the
results revealed that these extracts have high amounts of polyphenols. The highest polyphenol
level has been identified in AME. These findings were lower than the previous study realized
by Benali et al., (2020). These results are in agreement with those of Spigno et al., (2007), who
suggested that polar solvents are the best extracting media for polyphenols and flavonoids,
which may be due to an increase in polarity of flavonoids upon conjugation through glyscosides
with hydroxyl groups that enhances their solubility in polar solvents. The chemical make-up of
the extraction media used has a significant impact on the extraction yield of phenolics as well
as their antioxidant efficiency (Dai & Mumper, 2010). These factors include plant part/type,
genetic make-up of the species, agroclimatic conditions, harvest timing, and post-harvest
processing. The type of extraction solvent chosen has a significant impact on the accuracy of
botanical chemicals separated from plant material (Kalidindi et al., 2015). For the extraction of
phenolic chemicals in a prior study, polar and nonpolar solvents like methanol, ethanol, acetone,

propanol, ethyl acetate, and water were frequently employed (Alothman et al., 2009). The
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solubility of these phenolic compounds in the solvent employed for the extraction procedure

affects the recovery of phenolics from plant sources.
3. Phytochemical analysis (HPLC-DAD)

In this study, a fast and efficient HPLC-DAD method was developed for the determination
of phenolic compounds of A. odorata L. extracts. The method uses a binary gradient system
consists of methanol, deionized water and acetic acid. The separation was achieved in 40 min
using a reversed phase C18 column and detection using a diode array detector. The method was
precise, accurate, specific and highly reproducible for quantitative and qualitative purposes.
The method was used to assess the phenolic composition of A. odorata L. areal parts extracts.
A total of 9 common phenolic compounds was tentatively identified, namely Protocatechuic
acid; Chlorogenic acid; p-hydroxy benzoic acid; Coumarin; Rutin; Ellagic acid; Rosmarinic
acid; Myricetin; Luteolin.

Similary to our findings, Benetis et al., (2008) and Bobis et al., (2015) quantified some
phenolic compounds in another specie of achillea genus named Achellia millefolium and the
results revealed that chlorogenic acid, rutin and luteolin were the major compound in the leaves
of this species. Fourteen Achillea species were extracted and analyzed using RP-HPLC-DAD
gradient technique to obtain the fingerprint profiles. The presence of selected standards
(chlorogenic acid, kaempferol, luteolin, naringenin, naringin, para-coumaric acid, quercetin,
rutin, trans- ferulic acid, and vanillic acid) was confirmed in most of the studied plants based

on their spectra and retention time values (Hawryt et al., 2018).

4. Toxicity
4.1. Cytotoxic activity (Cell viability assay)

The cytotoxicity was assessed using the MTT assay on the lung cancer cell line H1299,
which is based on the reduction of MTT by the mitochondrial dehydrogenase of intact cells to
a purple formazan product. A. odorata L. extracts exhibited varying degrees of activity against
the tested cancer cell line, leading to the inhibition of cellular proliferation ranging from good
to moderate. The high cytotoxic activity of the chloroform extract may be attributed to the
presence of non-polar compounds. Our findings align with those of Elbatrawy et al., (2015)
who also noted that extracts obtained using solvents of low to intermediate polarity exhibited
greater cytotoxicity against cancer cells compared to highly polar solvents. In another study,
cytotoxic activities of N-hexane, chloroform, aqueous-methanol and aqueous extracts of the

aerial parts of the A. millefolium aggregate on MCF-7 cell lines were investigated by means of
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MTT assays and after 48 h incubation of chloroform-soluble extract at 10 ug/mL exerted high
tumor cell growth inhibitory activities on MCF-7 cells (53.95%) (Csupor-Loffler et al., 2009).

A. odorata's cytotoxic properties have been documented in previous study on methanolic
extract using three tumor cell lines: MCF-7, Hep2, and WEHI. The extract demonstrated
activity against all three cancer cell lines and effectively inhibited cell proliferation in a dose-
dependent manner. Specifically, at an extract concentration of 50 pg/mL, the percentage of
deceased cells for MCF-7, Hep2, and WEHI was approximately 42.90%, 61.54%, and 81.13%,
respectively (Boutennoun et al., 2017). A literature survey revealed that anticancer potential of
some Achillea species and their metabolites has been investigated in vitro using various tumor
cell lines. Among them, 80% of ethanol extracts of A. biebersteini and A. millefolium exhibited
cytotoxic effect against MCF-7 cells (ICso = 47.468 pg/mL and 64.058 pg/mL, respectively)
after 24 h of incubation (Ghavami et al., 2010). Furthermore, Bali et al., (2015) reported that
the methanol extract of Achillea teretifolia exhibited moderate cytotoxic effects on prostate
cancer cells, with calculated 1Cso values of 0.40 £ 0.05 mg/mL and 0.14 £+ 0.04 mg/mL for 24

and 48 hours, respectively.

There is substantial evidence supporting a synergistic potential between antioxidant and
anticancer properties in a wide range of medicinal plants. In this regard, significant attention
has been directed towards plant polyphenols. All classes of phenolic compounds possess the
necessary structural attributes to act as scavengers of free radicals and hold promise as
antioxidants in the realms of chemistry, food, and medicine (Olivero-Verbel et al., 2010).
Empirical investigations have shown that numerous naturally occurring substances and plant
extracts exhibit anticancer potential across various bioassay systems and animal models,
bearing relevance to human health (Abdel-Aziz et al., 2014). Among these compounds,

phenolic substances, recognized for their potent anti-cancer capabilities (Surakka et al., 2005).

Numerous plant species, particularly those abundant in polyphenols like flavonoids, are
known for their disease-preventive and therapeutic properties. This observation carries
significant weight, given that flavonoids are constituents found in many fruits and vegetables,
and the consumption of these foods has been linked to a reduced risk of cancer ( Kanadaswami
et al., 2005; Granado-Serrano et al., 2007). Furthermore, in vitro data corroborate these
findings, demonstrating that a mixture containing these sterol compounds exhibits cytotoxic
effects on human lung and breast cancer cells (Sundarraj et al., 2012). Certain phenolic
compounds may also influence hormone production and inhibit aromatase, potentially

thwarting cancer development (Zhao et al., 2007). The cytotoxic activity observed in our
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current study aligns with these findings, as the phytochemical analysis points to the presence
of promising flavonoids. It is evident from our study that some extracts from A. odorata L.
exhibit strong, dose-dependent in vitro cytotoxic activity against the tested cell lines.

4.2. Acute oral toxicity

The lack of scientific data about the effectiveness and safety of medicinal plant is one of the
major problems in the use of traditional medicinal preparations. This is probably due to the non-
evaluation of mechanism action and toxicological profile of these plants. Acute or lethal
toxicity refers to a chemical compound's ability to lead to death relatively soon after being orally
ingested, or after being exposed. The period has conventionally been expressed in minutes,

hours, and weeks (up to two weeks) (Walum, 1998).

Achellia odorata L. is used in traditional medicine, but to date, there is no documented
evidence corroborating their safety in an acute toxicity study. A one-time oral administration
of the ADE and AME at dosages of 2000 mg/kg and 5000 mg/kg did not result in any treatment-
related alterations in behavior or fatalities among male and female mice over a 14-day
observation period. Consequently, this implies that the LDso exceeds 5000 mg/kg, in
accordance with the OECD guideline. Therefore, the extract is classified as a Category 5
substance under the Global Harmonisation System of Chemical Substances, signifying it is
reasonably low in toxicity. This study represents the initial investigation into the acute toxicity
of A. odorata L., which explains the absence of prior literature findings on the subject. Jafari et
al., 2019 reported similar findings regarding the acute toxicity of A. wilhelmsii hydroalcoholic
extract. Their study suggests that the safe dose was <5000 mg/kg. Another study that assessed
the acute toxicity of A. biebersteinii essential oil on mice at various doses did not reveal any
instances of mortality or pathological symptoms, even at the highest dose (0.5 mL/kg) (Al-Said
etal., 2016).

Certain enzymes (ALAT, ASAT) have been identified as sensitive indicators of
hepatocellular effects (Rawi et al., 2012). In the present study, these enzymes (ALAT and
ASAT) did not exhibit any noteworthy changes, whether in the ADE or AME groups at doses
of 2000 mg/kg and 5000 mg/kg, when compared to their corresponding control groups. The
liver histopathology results revealed the absence of a significant vascular congestion,
infiltration or necroses in the groups treated with 2000 and 5000 mg/kg of both extracts. The
absence of these pathological changes can confirm the safety effects of ADE and AME on the

livers of rats.
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Creatinine and urea are recognized as biomarkers for assessing renal (Wasung et al., 2015).
Notably, a significant (P <0.1) decrease in creatinine levels was observed at the 2000 mg/kg
dose of ADE, possibly suggesting muscle wastage. This decrease could be influenced by
extrarenal factors like a high-protein diet or increased protein catabolism (Perrone et al., 1992).
However, renal histological analysis indicated a normal and non-pathological state for both

extracts.

5. Invitro biological activities

5.1. Antioxidant activities

The antioxidant activity of natural substances in vitro can be determined by several analytical
methods. However, the vast diversity in phytochemical composition and oxidative processes
necessitates the assessment of the antioxidant activity of plant extracts using a variety of
methods (Inchuen et al., 2010). Various mechanisms can be responsible for antioxidant activity,
such as the elimination of free radicals, the decomposition of peroxide, the prevention of the
initiation of the oxidation chain, the hydrogen atom abstraction, the reduction of capacity, and
the binding of transition metal ionic catalysts (Mao et al., 2006). The antioxidant activity
observed in the extracts results from the neutralization of free radicals (DPPH) through either

electron or hydrogen atom transfer (Benchikh et al., 2018).

DPPH is a compound known for its proton free radical properties, characterized by a distinct
absorption spectrum that significantly decreases in the presence of proton radical scavengers
(Moreira et al., 2023). It is widely accepted that antioxidants scavenge the DPPH free radical
through their hydrogen-donating ability. DPPH has been commonly used to assess the free
radical-scavenging capabilities of various substances. Antioxidants interact with DPPH,

reducing the number of DPPH molecules by donating hydroxyl groups.

Previous studies have highlighted the potent antiradical activity of BHA (Gilcin et al.,
2004). In our study, the crude extracts of A. odorata L. demonstrated notable DPPH radical
scavenging activity. Among all the extracts investigated, the AME exhibited the highest radical
scavenging activity, surpassing that of alpha-tocopherol. Furthermore, the total phenolic
content in the AME extract was found to be exceptionally high compared to the other extracts,

supporting our conclusion that phenolic compounds play a significant role in this activity.

Recent reports have highlighted a strong positive correlation between polyphenols,
flavonoids, and antioxidant activities in various plant species (Kim et al., 2007; Kumaran &

Joel Karunakaran, 2007; Ozsoy et al., 2008). Antioxidant activity is closely associated with the
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chemical composition of the plant, with all constituents interacting synergistically or
antagonistically. The excellent antioxidant activity of the plant extract can be attributed to the
presence of phenolic compounds like apigenin and chlorogenic acid, which are major phenolic
constituents in Achillea species (Vitalini et al., 2011). These phytochemicals possess the ability
to scavenge free radicals, act as reducing agents, donate hydrogen atoms, or quench singlet
oxygen against reactive species involved in oxidative stress-induced cell damage (Carocho &
Ferreira, 2013). Our findings suggest that phenolic acids and flavonoids are likely the primary

contributors to the radical scavenging activity of Achillea extracts.

Our results closely align with those reported by Boutennoun et al., (2017) demonstrating a
high DPPH radical scavenging effect (88.34%) for the methanol extract of A. odorata collected
from Jijel, Algeria. In contrast, a separate study indicated weak scavenging activity for the
essential oil of A. odorata collected from Morocco (ICso = 189.8 + 1.09 pg/mL) (Benali et al.,
2020). Furthermore, prior research has confirmed the potent DPPH radical scavenging
properties of other Achillea species. For instance, Candan et al., (2003) reported that A.
millefolium exhibited DPPH radical scavenging with ICso values of 45.60+1.30 pg/mL. In
addition, Dias et al., (2013) found that I1Cso values for methanol extracts of wild and commercial
A. millefolium were 0.50 + 0.01 mg/mL and 0.37 + 0.01 mg/mL, respectively. Additionally, the
methanolic extract of A. biebersteinii reduced the stability of DPPH radicals with an 1Cso value
of 89.9 pg/mL. Furthermore, Mehlous, (2023) indicated that the methanolic extract of A.
santolinoides L. exhibited the highest activity compared to other extracts, with an ICsg value of
24.20 £ 0.93 pg/mL.

ABTS reagent is a stable radical that is directly produced from the oxidation of ABTS by
potassium persulfate (Dudonne et al., 2009). The ABTS blue/green chromophore decolorizes
when it is scavenged by antioxidant molecules and this can be monitored at 734 nm. The
decrease in ABTS absorbance in the presence of the tested extract reflects the percentage of
ABTS inhibition. The scavenging properties of antioxidant compounds are often associated
with their ability to form stable radicals (Wootton-Beard et al., 2011). DPPH and ABTS
methods have the same mechanism of reaction based on the electron transfer (Christodouleas
et al., 2015).

Commonly, extracts obtained with high-polarity solvents show better radical scavenging
activity. The polar phase of the extract contributes to the inhibition of ABTS radicals through
simple electron transfer (Prior et al., 2005). There are no published studies that have evaluated
the ABTS radical scavenging activity of A. odorata L. In previous literature, a study of three
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Achillea species (A. biebersteinii, A. millefolium, and A. teretifolia) reported that the methanol
extract exhibited stronger antioxidant abilities, which correlated with higher levels of phenolic
compounds when compared to the non-polar extracts (Zengin et al., 2017). Moreover, a study
by Gevrenova et al., (2021) revealed that the antioxidant properties assessment of the methanol
extract of A. santolinoides roots actively scavenged ABTS radicals (112.53 mg trolox
equivalent/g). These high ABTS radical scavenging potential results could be attributed to the
polyphenols and flavonoids content in the plant extracts. Phenolic compounds possess strong
radical scavenging potential (Miliauskas et al., 2004), more specifically, the presence of a
carbonyl group, such as in esters like chlorogenic acid, enhances this activity (Goger & Giilgin,
2011).

The B-carotene bleaching assay belongs to the oldest and continuously commonly applied
methods of estimating the antioxidant activity of compounds and mixtures. The basis of this
assay is discoloration of B-carotene in reaction with linoleic acid free radical formed upon
removal of hydrogen atom located between two double bonds of linoleic acid. The consequence
is the loss of conjugation and accordingly, a decrease in absorbance at 490 nm. Antioxidants
can reduce the extent of B-carotene destruction by reacting with the linoleate free radical or any
other free radical formed within the system. Thus, by simulation of the oxidation of the
membrane lipid components in the presence of antioxidants, this test gives an insight of the

inhibitory effect of extracts on the lipid peroxidation (Petlevski et al., 2013).

The same results were reported by Haliloglu et al., (2017), who demonstrated that the ethyl
acetate extract and methanol extract had the highest estimated inhibition values for linoleic acid
oxidation, at 53.9% and 55.8%, respectively. In contrast, the essential oil and methanol extract
from A. biebersteinii Afan. were not effectively able to inhibit linoleic acid oxidation, exhibiting
only 16% and 22.7%, respectively (Baris et al., 2006).

Moreover, these results indicated that all the extracts can significantly inhibit oxidation of
linoleic acid, but the semi-polar extract is more effective (AEAE). In conclusion, the activity
of AEAE was more active than AME, the richest one by phenolic contents. It should be noted
that the chemical characteristics of the solvents used during extraction have a remarkable effect
on the organic type of the agent’s antioxidants, resulting from the extraction process
(Wijesinghe & Jeon, 2012). The potent lipid bleaching activity of AEAE may be due to its high
quantity of chlorogenic acid. This is confirmed by a study that indicates that the presence of
chlorogenic acid bleached p-carotene most rapidly (Terpinc & Abramovi¢, 2010).
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The chelating capacity is very important because it reduces the concentration of transition
metal catalysts of the lipid peroxidation. Indeed, iron can stimulate lipid peroxidation by the
Fenton reaction, and accelerates peroxidation by decomposing lipid hydroperoxides into
peroxyl and alkoxyl radicals that can themselves abstract hydrogen and perpetuate the chain
reaction of lipid peroxidation (Sen et al., 2013). The observed results demonstrate that all
extracts interfered with the formation of ferrous and ferrozine complex suggesting that they
have chelating activity through capturing the ferrous ion before it reacts to form a complex with

ferrozine.

Iron and flavonoids are the most studied transition metal and polyphenol family,
respectively. From those studies, there is a consensus on the presence of ‘‘iron chelation sites”
or ‘‘iron binding motifs” in an important number of flavonoids (Kazazi¢ et al., 2006) and
demonstrated that flavonoids like kaempferol, chlorogenic acid and apigenin, can trap free
electrons and chelate metals on the functional carbonyl groups that cause oxidative reactions
(KoNO et al., 1998; Lue et al., 2010; Spiegel & Sroka, 2023). This kind of flavonoids were
present in most extract of this study. Nevertheless, as far as we know, this is the first report of

metal chelation of A. odorata L.

In line with our results, Baris et al., (2006) used an EDTA solution as the standard chelator
in their study with Achillea species. They found that the extracts in this system did not
demonstrate superior chelating properties compared to the effective chelator EDTA solution.
In a study involving three Achillea species, A. boissieri. A. cretica and A. nobilis, no chelating

capacity was observed at all tested concentrations (12.5-125 pug/mL) (Tekin et al., 2021).

In the reducing power assay, the yellow color of the test solution changes to various shades
of green and blue, which depend on the reducing power of each compound. The presence of
reducers (i.e., antioxidants) leads to the reduction of the Fe**/ferricyanide complex to the
ferrous form. Therefore, measuring the formation of Perl's Prussian blue at 700 nm allows the
monitoring of Fe?* concentration ((Ferreira et al., 2007). It was observed that all these extracts
exhibited significant ferric reducing power. The reducing power capacity of the extracts can
offer valuable insights into the potential antioxidant capacity of the plant. This potent activity
may be attributed to the high phenolic content and their strong electron-donating abilities (Bilto
& Alabdallat, 2015).

Additionally, a statistical analysis of three Achillea species (A. pachycephalla, A. kellalensis,
A. aucherii) indicated a robust and significant correlation (R = 0.97) between the ferric reducing

antioxidant power and the phenolic contents of the plant extracts (Gharibi et al., 2013).
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In a previous study, Boutennoun et al., (2017) reported that the transformation of Fe3* to
Fe* in the presence of different concentrations of the methanolic extract of A. odorata may
serve as a significant indicator of its potential antioxidant activity. Furthermore, Benali et al.,
(2020)’s research indicates that the reducing power of the essential oil of A. odorata exhibited

a value of 0.85 + 0.24 milligrams of ascorbic acid equivalence per gram of extract.

One of the most effective, recent methods of antioxidant potential estimation is the CUPRAC
assay. This method possesses multiple advantages, including the fact that measurements are
done at a neutral pH (about 7), which is more representative of living systems (Apak et al.,
2007). The CUPRAC test is based on the reduction of Cu?* to Cu* by utilizing bis(neocuproine)
Cu?* as a chromogenic oxidizing agent in the presence of antioxidants. An increase in
absorbance signifies an augmented reduction capacity resulting from increased complex
formation. The ability of various prepared extracts to reduce copper ions was investigated for

the first time in this study.

In prior findings, it was revealed that the A. coarctata extract exhibited strong CUPRAC
activity, with values ranging from 0.15 to 2.90 at concentrations of 0.8-3 mg/mL (P<0.05), as
reported by Albayrak & Silahtarlioglu, (2020). Additionally, a study conducted by Mehlous et
al., (2022) confirmed the potential reducing power of A. santolinoides L., with an Agso value of
76.56+2.35 pg/mL.

The obtained results demonstrated that the tested extracts possess a good ability to reduce
cupric ions (Cu?"). This substantial reducing potential can be attributed to the presence of
natural antioxidants like chlorogenic acid and apigenin, as indicated by studies conducted by
Lue et al., (2010).

5.2. Enzymatic inhibitory activities

Nowadays, inhibiting key enzymes associated with the pathology of various diseases is
considered one of the most effective strategies for their treatment and management (Vecchio et
al., 2021). For instance, targeting AChE and BChE, enzymes involved in Ach breakdown, are
widely accepted as a strategy for treating Alzheimer's disease. While many synthetic
compounds (e.g., galantamine and tacrine) have been developed by the pharmaceutical
industry, they often come with adverse effects, including Gl issues and hepatotoxicity
(Mechchate et al., 2021). In this context, the enzyme inhibitory properties of medicinal plants

and plant-derived products hold great promise in drug development. There is a growing trend
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to replace synthetic inhibitors with natural ones due to their potential as natural enzyme
inhibitors (AShah et al., 2017).

The majority of extracts used in this study exhibited a moderate AChE and BChE activities
compared to the galantamine, in previous literature, no scientific research has been conducted
on A. odorata L. effect on AChE and BChE inhibition, contrary of our results, studies reported
in the literature for other Achillea species on enzyme inhibitory activities , such as A. cucullata
(Eruygur et al., 2019) (0.90 mg/mL for AChE and 0.50 mg/mL for BChE) and A. millefolium
(Barutetal., 2017) (0.217 mg/mL for AChE) highlighted the strong AChE and BChE inhibitory
activities of these species. Another study has shown that a group of flavonoids, such as
quercetin, chrysin, morin, isorhamnetin, rhamnetin, and kaempferide, exhibited significant
inhibitory effects on AChE and BChE activity (Khan et al., 2018). It is possible that the
moderate AChE and BChE inhibitory activity observed in A. odorata L. extracts may be due to
the absence of these flavonoids.

Numerous studies have explored the potential of plant constituents for treating diabetes
mellitus, with a particular focus on their ability to inhibit enzymes related to carbohydrate
metabolism, especially alpha-amylase and alpha-glucosidase. (Dirir et al., 2022). However,
there is currently no scientific data available regarding the anti-diabetic activity of the tested
plant extracts. Consequently, we conducted an investigation into the impact of these extracts
on the activity of alpha-amylase and alpha-glucosidase, crucial enzymes involved in

carbohydrate breakdown and intestinal absorption.

The results, except AEAE, indicate a moderate level of inhibition against both enzymes,
implying that the various extracts derived from the aerial parts of A. odorata L. exhibit limited
anti-diabetic properties. And this is in agreement with a previous study that demonstrated a
moderate to moderate anti-diabetic activity in A. sieheana (Dikpinar & Bitls, 2022). The strong
activity of AEAE could be due to the high concentration of some phenolic compounds as

chlorogenic acid.

Tyrosinase is a copper-containing enzyme and involved in melanin synthesis. From
this point, tyrosinase inhibitors have become increasingly important in medical and cosmetics
industry (Obaid et al., 2021). It is considered to be a key therapeutic strategy for the
management of skin hyperpigmentation conditions (Pillaiyar et al., 2017). As can be seen from
results, the tyrosinase inhibitory capacity (% of inhibition) of the five extracts exhibited a

moderate activity compared to the standard. However, all these values had a significant
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difference compared to the control. there are no published studies that have evaluated the
tyrosinase inhibitory effect of A. odorata L. In previous literature and similarly to our results,
the most active extracts of A. sivasica were found to be ethyl acetate and ethanol extracts (5.5

and 6.2 mg kojic acid equivalents/g extract, respectively) (Haliloglu et al., 2017).

6. In vivo biological activities

6.1. ADE and AME effects on gastric emptying and intestinal transit in mice and the
possible mechanism (s) involved

Constipation and diarrhea are two distinct antagonistic disorders characterized by an
imbalance in intestinal absorption/secretion/motility leading to unexplained abdominal pain,
discomfort and bloating in association with altered bowel habits (Birru et al., 2016).
Additionally, the perturbation of gastric emptying process and the motility changes are part of
a spectrum of responses which includes nausea and vomiting as its more severe manifestations
(Thompson et al., 1982). Thus, in this study, the aim was to investigate the dual effectiveness
of A. odorata L. extracts on intestinal motility and gastric emptying.

Achillea genus is used traditionally for treating G disorders and is viewed as a popular plant
in many countries in the world and may be considered a functional food; this feature has been
attributed to its high bioactive content and diversity of terpenes, flavonoids, coumarins,
phenolic acids, lignans and essential oil some of which are responsible for the antioxidant,
antiulcerogenic, antimicrobial, antispasmodic, immunosuppressive, antitumor and antidiabetic
activities ( Si et al., 2006; Fathi et al., 2011). Various species of the genus are traditionally used
in the world for wound healing, against diarrhea and flatulence, as a diuretic, as emmenagogue
agents, and for abdominal pain (Baytop, 1984). The level and concentration of chemical

constituents have been of interest because of their important influence in GI tract.

The gastric emptying and intestinal motility process results from mechanism activities that
inhibit or stimulate the motor activity of the stomach, pylorus and intestine (Wilson & Schey,
2015). In our experiment, results showed that the gastric emptying and intestinal motility
process significantly influenced by ADE and AME pretreated mice, while causing an opposite
action, compared to the controls. Gastric emptying of a phenol red meal was studied as an index
of fundus functionality through its tonic contractions which increase intragastric pressure
leading to a gradient of peptic pressure. Indeed, stomach emptying is a complex mechanism
affected by several factors, including the size of the meal, the caloric density, water intake,
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nutrient composition, pharmaceutical administration, the particle size, the state health and stress
(Goggin et al., 1999).

The delaying effects of the extract on gastric emptying may result from the relaxation of the
stomach musculature and/or from the constriction of the pyloric sphincter, while the delay of
intestinal transit may involve the inhibition of muscle contraction and/or consolidation of the
inhibitory component of the intestinal muscle (Nwinyi et al., 2004). Our results are in
agreement with the study realized by Niazmand & Khoshnood, (2011) on the same genus
showed an inhibitory effect on gastric emptying in both basal and vagal stimulated condition.
This inhibitory effect may be exerted by an antagonistic effect on Ach dependent calcium influx
or release of calcium from intracellular storage in gastric smooth muscle. Also, Karamenderes
& Apaydin, (2003) showed that the A. nobilis extract had an inhibitory effect on Ach induced
contraction in rat's duodenal smooth muscle by an antagonistic effect on Ach. The effect of A.
santolinoides L. aqueous extract on gastric emptying and intestinal transit were studied in mice
(Mehlous, 2023). It was found that the extract induced a significant delay in gastric emptying

and in intestinal transit.

Polyphenols show relaxing effects on the contractile activity of various smooth muscles,
such as vascular smooth muscles (Ajay et al., 2003; Mendes et al., 2003), muscles of the bladder
(Dambros et al., 2005) and the muscles of the uterus (Revuelta et al., 1997). In the GI tract,
polyphenols show an inhibitory action against the contractions of smooth muscle cells. Indeed,
this strong inhibitory effect of ADE and AME against contraction of Gl muscles may due to
the presence of a good quantity of chlorogenic acid in the extracts and this is in agreement with
study realized by Postuszny et al., (2022) which confirm the antispasmodic effect of
chlorogenic acid against contraction. Also Capasso et al., (1991) reported that apigenin present
in extracts is also active inhibitor of the contractions induced by LTD4. The authors have
proposed that the effect of this flavonoid involves calcium. In the stomach it is shown that
apigenin (1 uM — 100 uM) induce relaxation of the gastric smooth muscles of mice in a
concentration-dependent manner, suggesting that this effect is mainly due to their ability to
inhibit the entry of calcium via voltage-gated calcium channels (Rotondo et al., 2009). On the
other hand, the delaying effect of gastric emptying is probably due to the blocking of muscarinic
receptors by rosmarinic acid, which is able to inhibit these receptors in the mice ileum
(Demirezer et al., 2015). Polyphenols also act on the intestinal transit thus exerting antidiarrheal
effects, the relaxation of stomach muscles in mice induced by several types of flavonoids such

as apigenin, genistein, quercetin, rutin, naringenin and catechin depends essentially on the
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structure of these flavonoids and the position of the hydroxyl groups (Amira et al., 2008). Di
Carlo et al., (1993) showed that intraperitoneal administration of some flavonoids: apigenin,
myricetin and rutin present in ADE and AME reduced intestinal transit by 28-69% in mice.
Finally, it has also been demonstrated that the pathological state plays a key role in the effect
of extracts on intestinal transit. The ethanolic extract of S. divinorum does not affect intestinal
transit in normal mice, but does reduce it in the case of induced inflammation (Capasso et al.,
2006).

Atropine, a competitive antagonist of Ach at muscarinic receptors, can reduce gastric
emptying and small intestinal motility (Kimura & Sumiyoshi, 2012). The role of ways is likely
that blocks M1 receptors on gastric parietal cells and helps in reduction of gastric secretions
(Bahekar & Kale, 2015). Furthermore, it blocks M3 receptors on visceral smooth muscles of
stomach and intestine leading to relaxation of these muscles and decrease the tone and
amplitude of these organs (Sharma & Sharma, 2011). Atropine has a maximal inhibition on
gastric emptying and intestinal transit, in the same time, the inhibitory effect of the extracts
pretreated with atropine was significantly different from that of atropine as a control which
indicate the involvement of other pathways causing this effect and is totally not due to the
blockade of muscarinic receptors. Thus, might deny the involvement of muscarinic receptors in
the inhibitory action of ADE and AME on gastric emptying and intestinal motility and suggest
another mechanism. Oppositely to our finding and according to previous study the delayed
gastric emptying effect is probably due to muscarinic receptor blockade by rosmarinic acid
which is able to inhibit these receptors in the rat ileum (Demirezer et al., 2015). Other study on
Aquilariae Lignum Resinatum suggest that this plant played a spasmolytic role in GI maotility,
which is probably mediated through inhibition of muscarinic receptors, blockade of Ca?* influx
and NO release (Li et al., 2018).

NO is generated from the terminal guanidinonitrogen atom(s) of the amino acid L-arginine
by the enzyme NO synthase (NOS) (Moncada et al., 1991). At least two types of NOS have
been so far identified. One is constitutive NOS, Ca?*/calmodulin-dependent and releases NO
for short periods in response to receptor stimulation. The other enzyme is inducible NOS, Ca?*-
independent and, once expressed, generates NO for long periods. Both enzymes are inhibited
by certain L-arginine analogues (Matsuda et al., 1999). NO is a nonadrenergic, noncholinergic
neurotransmitter. It serves as a mediator of the effects of some substances on GI matilities.
Pretreatment with L-arginine delay the intestinal motility and gastric emptying (Martinez-
Cuesta et al., 1997). In the present study, pretreatment with ADE and L-arginine delay the
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intestinal transit and gastric emptying comparably to the control group, these results indicate
that NO, is a mediator implicated in the intestinal motility and gastric emptying inhibitions by
ADE and may imply that this effect depends on the NO pathway. Oral administration of AME
with L-arginine had the same effect on intestinal transit as group of L-arginine alone but not on
gastric emptying which suggest that AME follows the NO pathway only with intestinal transit
effect. previous study on Helichrysum stoechas L. showed antispasmodic activity exerting
through activation of the NO/cGMP pathway (Valero et al., 2022).

Endogenous prostaglandins (PGs) are generated from arachidonic acid by the enzyme cycle-
oxygenase (COX). PGs have complex pharmacological activities in the modulation of Gl
motilities and they are well known for their ability to stimulate contraction in Gl smooth muscle.
It appears that prostaglandin F.. (PGF»,) increase the rate of the emptying of liquids from the
human stomach; PGE series contract the longitudinal smooth muscle layer and relax the circular
layer. In contrast, PGF series contract both small muscle layers (Sanders & Ross, 1978). Both
PGE> and PGF»,, but not PGl,, stimulate intestinal transit and cause diarrhea (Pierce et al.,
1971). Indomethacin is an inhibitor of COX, preventing production of PGs from arachidonic
acid and has an anti-spasmodic effect. In the present study, similarly to the indomethacin effect,
both intestinal motility inhibitions and gastric emptying delaying by ADE and AME were
attenuated by pretreatment with indomethacin and no significant difference with group of
indomethacin alone was recorded for both extracts. These results indicate that the inhibition of
endogenous PGs was important in the effects of ADE and AME on intestinal motility and
gastric emptying. and might indicate the participation of the cyclooxygenase pathway in these
effects.

6.2. ADE and AME effects on ethanol-induced gastric ulceration in rats and possible

mechanism (s) of action

Alcohol consumption stands as the primary factor contributing to the development of gastric
ulcers, as noted by Shen et al., (2019). Excessive alcohol intake typically increases the
likelihood of damage to the gastric mucosa. Consequently, the rat model of ethanol-induced
gastric mucosal damage is frequently utilized in research to evaluate compounds with potential
anti-ulcer properties, given that it serves as the predominant cause of gastric ulcers observed

in humans, as outlined by Hobani et al., (2022).

Ethanol-induced damage to the gastric tissue is associated with the generation of oxygen free

radicals, as reported by Li et al., (2013). Furthermore, the production of inflammatory mediators
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represents a crucial factor in the underlying mechanisms of these lesions. Additionally, gastric
blood flow and disruption of microvasculature contribute to hemorrhaging and necrotic tissue
injury (Liu et al., 2012). Neutrophil infiltration is a pivotal process in the induction of injury
and inflammation, involving the aggregation and release of tissue-disrupting substances within
various tissues, including the gastric mucosa (Krawisz et al., 1984). A prior study has
demonstrated that the infiltration of neutrophils into gastric mucosal tissues is implicated in the
development of acute gastric mucosal lesions (Nishida et al., 1998a).

Multiple investigations have linked the protection against gastric ulcers to the presence of
phenolic acids and flavonoids found in plant extracts ( Cadirci et al., 2007; Mota et al., 2010;
Amaral et al., 2013). Hussain et al., (2009) detailed the substantial gastroprotective effects of
rutin, attributed to its anti-inflammatory properties, vasoactive attributes, and its ability to
scavenge reactive oxygen species (ROS) produced during ethanol-induced lesions.
Additionally, kaempferol has exhibited protective effects in ethanol-induced gastric ulcers by
reducing oxidative stress and enhancing the activity of antioxidant enzymes (de Lira Mota et
al., 2009).

Polyphenols, encompassing efficient scavengers of superoxide anion, hydroxyl, peroxyl, and
alcoxyl radicals, have been shown in previous studies (Amaral et al., 2013; Shimoyama et al.,
2013) to possess antioxidant, anti-obesity, and gastroprotective properties. Chlorogenic acids,
in particular, have been noted for their antioxidant activity and their ability to mitigate gastric
injury induced by acidified ethanol or NSAIDs. This protective effect can be attributed to the
inhibition of leukocyte migration, increased antioxidant enzyme activity, including the
restoration of CAT, SOD, GPx, and GSH levels, along with the suppression of TNF-a and

leukotriene B4 production (Krawisz et al., 1984).

The presence of these beneficial compounds elucidates the protective effects of A. odorata
L. against ethanol-induced gastric injury. Furthermore, various extracts or fractions derived
from A. millefolium, A. biebersteinii, and A. wilhelmsii have been shown in other studies
(Niazmandi et al., 2012; Abd-Alla et al., 2016; Alomair et al., 2022) to significantly reduce

lesions induced by ethanol in rat models.

Mucus is widely recognized as an effective barrier against acid and pepsin exposure (Cai et
al., 2021). It is believed that the visible mucus adhering to the stomach wall, as opposed to the
mucus dissolved in gastric secretions, plays a more crucial role in safeguarding the gastric

mucosa from self-digestion (Liu et al., 2021). In our current investigation, the extracts from A.
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odorata L. have demonstrated the capacity to stimulate the synthesis of gastric mucus. This
action likely contributes to its effectiveness in preventing lesion formation induced by ethanol
in gastric ulcers. Our findings align with previous studies indicating that increased gastric
mucus secretion, induced by A. wilhelmsii extracts, plays a vital role in the prevention of lesions

caused by substances like indomethacin (Niazmandi et al., 2012).

Earlier research conducted in chronic experiments involving dogs has shown that an extract
of A. asiatica Serg. induces a reduction in the aggressive properties of gastric juice (including
proteolytic enzyme activity and acidity) and an enhancement in mucus synthesis and the

stomach's excretory function (Vymiatnina & Gridneva, 1997).

Ethanol induces oxidative stress by increasing ROS production and depleting cellular
antioxidants. This ROS-driven process leads to lipid peroxidation and protein oxidation,
contributing to both acute and chronic ethanol-induced gastric ulcers, primarily caused by
harmful agents like superoxide anions, hydroxyl radicals, and lipid peroxides (Kwiecien et al.,
2002).

Scavenging free radicals is a key mechanism in gastric ulcer healing (Sowndhararajan &
Kang, 2013). While gastric cells have various antioxidants, including CAT, SOD, GPx, GSH,
and sulfhydryl groups (NPSH), excessive ROS production depletes these defenses (Cadirci et
al., 2007; Liu et al., 2012).

The abnormal increase in reactive species is a primary aggressive mechanism of ethanol,
which can result in damage and cell death in gastric cells (Ineu et al., 2008). In this study,
ethanol induced a depletion of non-enzymatic defenses and inhibited the antioxidant enzyme
CAT. Indeed, the depletion of GSH (the major non-protein thiol) and the inhibition of CAT
following ethanol exposure have been previously documented (Xie et al., 2020), and these
factors directly contribute to the observed increase in lipid peroxidation in ethanol-treated rats.
Furthermore, lipid peroxidation in gastric tissue significantly contributes to the pathogenesis of
ethanol-induced gastric lesions (Mohan et al., 2020). A previous report confirmed that ethanol
increases the production of superoxide anions and hydroxyl radicals by neutrophils, which react
with cellular lipids, leading to the formation of lipid peroxides that are further metabolized to
form malondialdenyde (MDA) (Rahman et al., 2020). 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 (Mohan et al., 2020).
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It has been demonstrated that ethanol-induced damage to the gastric mucosa is associated
with a significant decrease in levels of sulfhydryl compounds, particularly GSH, in
experimental animals (Serafim et al., 2020). Depletion of GSH results in enhanced lipid
peroxidation, and excessive lipid peroxidation can lead to increased GSH consumption.
Conversely, an increase in gastric non-protein sulfhydryl content helps limit the production of
oxygen-derived free radicals and may be related to gastric protection in various experimental
models, such as the ethanol-induced ulcer model (Ugan & Un, 2020).

A. odorata L. extracts effectively restored the gastric mucosal damage and oxidative stress
induced by ethanol. The broad antioxidant properties of ADE and AME were demonstrated by
the reduction in MDA levels and the increase in antioxidant defenses (GSH and CAT). These
protective effects attributed to the crude extracts of A. odorata L. can be associated with the
presence of phenolic acids, primarily chlorogenic (Chen et al., 2018), ellagic (Qin et al., 2022),
and rosmarinic acids (Gupta et al., 2021), in addition to flavonoids such as rutin and luteolin
(lova et al., 2021).

A previous study reported that the administration of A. millefolium increased proliferative
activity and enhanced antioxidant mechanisms in the gastric mucosa injured by necrotizing
agents (Alomair et al., 2022). In another study, A. biebersteinii reduced oxidative stress and
acute gastric mucosal damage by preventing a reduction in the activity of GSH and SOD levels,

which are known to scavenge reactive oxygen metabolites (Abd-Alla et al., 2016).

Several studies have demonstrated the positive impact of various classes of polyphenols on
the activities of antioxidant enzymes such as SOD, CAT, and GPx in both animal models and
human research ( Wu et al., 2015; Rudrapal et al., 2022). The precise mechanisms underlying
how polyphenols activate these antioxidant enzymes are not yet fully understood. However,
numerous studies have suggested a link between polyphenols and the expression of antioxidant
enzymes, possibly through the activation of nuclear factor-erythroid-2—-related factor 2 (Nrf 2)

in vivo and in various cultured cell lines ( Oliveras-Lopez et al., 2014; Nakayama et al., 2015).

To further clarify, other gastroprotective mechanism pathways of ADE and AME, several

pharmacology substances L-arginine, L-NNA or indomethacin and yohimbine were tested.

Therefore, we conducted an investigation into the mechanisms responsible for the
gastroprotective effects of A. odorata L. extracts against acute gastric mucosal lesions induced
by ethanol. Ethanol is a potent mucosal damaging agent that causes injury through direct contact

with the gastric mucosa. We observed that ethanol, as a topical irritant that directly interacts
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with the gastric mucosa, resulted in extensive hemorrhagic lesions in the gastric mucosa of rats.
Similar hemorrhagic lesions induced by ethanol have been documented in the human stomach
(Jung et al., 2011).

The maintenance of gastric mucosal integrity when exposed to various damaging agents
relies on a delicate balance between the epithelial and subepithelial components, which are
regulated by the proliferative zone of gastric glands and mucosal defense mechanisms. These
mechanisms include maintaining uninterrupted mucosal blood flow, mucus and alkaline
secretion, and the restoration and proliferation of mucosal cells (Silva & de Sousa, 2011).
Endogenous prostaglandins, as well as the activation of endothelial and mucosal production of
NO, hydrogen sulfide, and carbon monoxide, contribute to mucosal integrity and

gastroprotection (Jasnos et al., 2014).

L-arginine is an amino acid that acts as a substrate for the constitutive enzyme NO-synthase
(cNOS). This enzyme produces NO, a potent vasodilator initially known as endothelium-
derived relaxing factor. NO plays a crucial role in modulating the integrity of the gastric
mucosa, and its significance in various physiological processes, including those in the Gl tract,
has been well established (Sharma et al., 2007).

Previous research has indicated that an enhanced ulcerogenic response is mediated by
endogenous NO, primarily produced by iNOS (Nagai et al., 2009). Both NO and substances
known as NO-donors, such as glyceryl trinitrate, isoamyl nitrate, and nitroprusside, have
demonstrated the ability to protect the gastric mucosa from damage induced by various
ulcerogenic agents, including absolute ethanol, endothelin-1, acidified aspirin, and stress
(Khattab et al., 2001). However, it's worth noting that NO-donors like S-nitroso N-acetyl-
penicilamine or sodium nitroprusside, when administered at higher doses, can exacerbate
lesions caused by topical irritants. This suggests that an increased synthesis of NO, possibly via
activation of an inducible form of NO-synthase, may render the gastric mucosa more
susceptible to damage from potent irritants (Szlachcic et al., 2013). In animal models of gastric
ulcer, systemic administration of L-arginine, the substrate for NOS, has been shown to reverse
the adverse effects caused by NOS inhibitors, which worsen mucosal integrity and gastric blood
flow. These inhibitors include substances like L-NNA or NG-nitro-L-arginine methyl ester (L-
NAME). Additionally, L-arginine has been implicated in the regulation of gastric acid
secretion, modulation of gastric mucosal integrity, and cooperation with endogenous
prostaglandins to reduce leukocyte-endothelial cell rolling and adherence (Calatayud et al.,
1999; Khalifa et al., 2002). However, there has been limited research on whether L-arginine
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can protect the gastric mucosa from damage caused by potent irritants or expedite the healing

of chronic gastric ulcers.

Multiple studies have emphasized the significance of endogenous NO in safeguarding the
gastric mucosa (Kim & Kim, 1998; Korbut et al., 2020; Zhao et al., 2020). Specifically, NO
generated by NOS plays a pivotal role in regulating gastric mucosal integrity by interacting

with sensory neuropeptides and endogenous prostaglandins (Tepperman & Whittle, 1992).

A previous investigation has demonstrated that NO derived from transdermal nitroglycerin
effectively shields against ethanol-induced gastric ulceration. This protection is achieved by
maintaining mucosal blood flow and reducing the rolling and adherence of leukocytes to the
endothelial cells (Calatayud et al., 1999). Moreover, NO has been reported to stimulate the
synthesis and secretion of gastric mucus (Engevik et al., 2019; Wallace, 2019). Conversely, a
decline in gastric mucosal NOS activity in ulcer-treated rats is associated with impaired gastric

mucus secretion (Nishida et al., 1998b).

This study provides evidence that topical administration of L-arginine is highly effective in
safeguarding the gastric mucosa from damage caused by acid-independent factors, such as
ethanol. The co-administration of ADE and L-arginine significantly reduces gastric lesions
induced by ethanol. However, when ADE and L-NNA are concurrently administered, this
protective effect is significantly diminished. In contrast, AME reduces lesions in combination
with L-NNA but exacerbates them when combined with L-arginine. These findings suggest that
ADE, rather than AME, is responsible for the gastroprotective action observed in ADE and that
the NO pathway is implicated in its mechanism. Similar study on Croton campestris A. St.
(CCRE) have proposed that CCRE's antiulcer activity is reliant on both NO and prostaglandin
pathways, likely due to its ability to stimulate NO synthesis and activate endogenous
prostaglandin production (Janior et al., 2014). On other hand Mehlous, (2023) reported that
treatment of animals with A. santolinoides L. aqueous extract in the presence of L-NNA
decreased the gastric ulcer induced by ethanol, suggesting that the NO pathway is not involved
in the effect of this extract in the gastric protection.

PGE:> plays a pivotal role in safeguarding the gastric mucosa due to its involvement in
regulating gastric acid secretion, stabilizing mast cell membranes, and promoting repair
processes. It significantly contributes to both the prevention and healing of ulcers (Kaur et al.,
2007). Prostaglandins, particularly PGE>, as well as NO, indirectly impact mucus production

by enhancing gastric microcirculation and sulfhydryl compound levels (Pajdo et al., 2011).
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Prostaglandin analogs, acting through EP3 receptors, contribute to gastroprotection by
increasing mucus and bicarbonate secretion while reducing cAMP formation, ultimately
leading to decreased acid secretion (Zayachkivska et al., 2004). Notably, pretreatment with
indomethacin in A. odorata L. groups did not affect their protective effects. This observation
rules out the involvement of prostaglandins in the mechanism of action, and this outcome was

consistent for both A. odorata L. extracts.

Noradrenergic oz-receptors within the enteric nervous system play critical roles in various
functions, including the regulation of Gl tract movement patterns and the control of gastric acid
secretion (Gyires et al., 2000). When administered in small doses, noradrenergic agonists
inhibit acid secretion by blocking the vagus nerve and the actions of substances like pentagastrin
and clonidine. On the other hand, yohimbine, a noradrenergic antagonist, counteracts the effects

of az-receptor agonists by increasing gastric acid secretion (Kaur et al., 2007).

However, pretreatment with yohimbine in both ADE and AME groups did not impact their
gastroprotective action, ruling out the involvement of ay-noradrenergic receptors in the

mechanism of action for ADE and AME.

The results of this study suggest that ADE has a gastroprotective role against ethanol-
induced gastric mucosal damage. The gastroprotective mechanism may possibly involve the
activation of the NO pathway, as NO could mediate the centrally-induced effect. Importantly,
neither indomethacin nor yohimbine blocked the gastroprotective effect of ADE.

In the case of AME, pretreatments with indomethacin, L-NNA, or yohimbine did not result in
the blockade of gastroprotection afforded by AME. This suggests that under these conditions,
AME may act through a different pathway.
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Conclusion

The present study demonstrated that A. odorata L extracts are a rich source of phenolic
compounds, with significantly higher levels found in hydro-methanolic extract compared to
other types of extracts. Phytochemical analysis identified nine common compounds within the
plant extracts: protocatechuic acid, chlorogenic acid, p-hydroxy benzoic acid, coumarin, rutin,

ellagic acid, rosmarinic acid, myricetin, and luteolin.

This study offers significant insights into the acute oral toxicity profiles of A. odorata L.,
which can greatly benefit any forthcoming in vivo and clinical investigations involving this
plant medicine. Additionally, A. odorata L. extracts showcased diverse activity levels against
the tested cancer cell line, resulting in the inhibition of cellular proliferation ranging from
moderate to notably effective.

The findings also highlight the potential of A. odorata L. as a natural antioxidant, suggesting
its possible utility as functional food ingredients and in pharmaceutical applications. Notably,

most extracts examined in this study displayed moderate enzymatic inhibitory activity.

Both ADE and AME extracts exhibited the ability to reduce gastric emptying and intestinal
transit. The anti-intestinal motility effect of these extracts was associated with the involvement

of NO and cyclooxygenase pathways.

In the case of ADE-induced delay in gastric emptying, both NO and the cyclooxygenase
pathways were implicated. On the other hand, the gastric emptying delay caused by AME was

exclusively associated with the cyclooxygenase pathway.

Both the decocted and methanolic extracts of A. odorata L. offered protection against
ethanol-induced gastric ulcers. This protective effect was demonstrated by an increase in gastric
mucus content and a reduction in gastric mucosal stress. Additionally, the gastroprotective
mechanism of ADE may potentially involve the activation of the NO pathway.

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 Gl tract disorders.

Despite the comprehensive evaluation of numerous biological activities associated with the

selected medicinal plant, there remain several unexplored avenues for future research:

-Thorough examination of the chemical components present in the plant is highly advisable.
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-Conducting extensive cytotoxicity assays across diverse cell lines, particularly focusing on
various cancer cell lines, is strongly recommended.

-Further exploration into the mechanisms governing the plant's effects on gastric emptying,

intestinal transit, and gastroprotective functions is of great importance.

-Isolating and characterizing the active molecules responsible for the observed biological

activities represents an essential progression.

-Utilizing the advantageous properties of these plant constituents in the food and

pharmaceutical industries for their beneficial effects offers promising potential.
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