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Abstract

This study aims to evaluate the anti-inflammatory and antioxidant activities of aqueous
(Ag.E) and methanolic (Met.E) extracts of Hypericum tomentosum leaves. The quantitative
assessment of phenolic compounds showed that Met.E extract of this plant contains the highest
amount of polyphenols, flavonoids and tannins compared to Aq.E. HPLC analysis showed the
presence of many flavonoids and phenolic acids, quercetrin and epicatechin recorded the
highest amount among flavonoids, while quinic acid and chlorogenic acid had the highest
concentration among the phenolic acids. The antioxidant activity of Agq.E and Met.E was
estimated in vitro by determining the scavenging activity of DPPH’, OH" and H2O>. The results
show that both Aq.E and Met.E inhibited DPPH" with 1Cso values of 9.32 and 5.85 pg/mL,
respectively and they inhibited OH" with 1Cso equal to 338.8 and 377.6 pg/mL and the values
of ICso with H202 were 3.13 and 2.07 pg/mL, respectively. Both extracts also showed a great
ability to reduce ferric ion and inhibit lipid oxidation, through inhibition of erythrocytes lysis
caused by radicals attack and through prevention of linoleic acid oxidation by inhibition levels
of 77.48% with Ag.E and 29.43% with Met.E, while the ability of the two extracts to chelate
ferrous ions was weak. The results of anti-inflammatory activity demonstrated that treating
mice with 1 mg/mL of Ag.E and Met.E extracts significantly (p<0.001) inhibited neutrophils
migration by 38.53% and 47.5%, respectively. Topical application of both Ag.E and Met.E to
mice, in the model of ear edema induced by croton oil, reduced edema by 68.75% and 67%,
respectively. While orally treatment of mice with a concentration of 200 mg/kg and 400 mg/kg
of both extracts showed a weak effectiveness in reducing paw edema induced by carrageenan.
The same concentrations proved an ability to inhibit pain caused by acetic acid. Both extracts
showed anti-inflammatory activity through tests evaluating the effects of the studied extracts
on human neutrophils functions. They exerted a big inhibition and dose-dependent manner
elastase and myeloperoxidase activities. The two extracts were shown to be able to inhibit
significantly (p<0.05) bactericidal activity exerted on Escherichia coli. However, in assay of
cellular phagocytosis of Candida albicans cells by human neutrophils, the studied extracts

showed slight and non-significant inhibition of phagocytosis.

Keywords: Anti-inflammatory, Antioxidant, Hypericum tomentosum, Flavonoids,

Polyphenols.



Résumé

Cette étude vise a évaluer I'activité anti-inflammatoire et anti-oxydante de I'extrait aqueux
(E.Aq) et méthanolique (E.Met) des feuilles de la plante Hypericum tomentosum. L'évaluation
quantitative des composés phénoliques montre que I’E.Met de cette plante contient des
quantités plus élevées en polyphénols, flavonoides et en tanins par rapport a I'E.Ag. L'analyse
HPLC a montré la présence de nombreux flavonoides et acides phénoliques, la quercitrine et
I'épicatéchine ont enregistré la concentration la plus elevée parmi les flavonoides, tandis que
I'acide quinique et I'acide chlorogénique existent avec des concentrations les plus élevées parmi
les acides phénoliques. L'activité anti-oxydante de E.Aq et E.Met a été estimée in vitro par la
détermination de I’activité scavenger de DPPH’, de I'OH" et de I'H.Ox. Les résultats ont montrés
que ’E.Aq et I’E.Met ont inhibé le DPPH" avec les valeurs d’ICso de 1’ordre de 9,32 et 5,85
pg/mL, respectivement. Ils ont inhibé aussi le OH" avec des 1Cso de 338,8 et 377,6 pg/mL,
respectivement. Les valeurs des ICso avec I’H202 sont égales a 3,13 et 2,07 pg/mL,
respectivement. Les deux extraits ont également montré une forte capacité a réduire le fer
ferrique et a inhiber I'oxydation des lipides, a travers la prévention contre la lyse des globules
rouges causée par l’attaque radicalaire et via 1’empéchement de ’oxydation de I’acide
linoléique avec des niveaux d’inhibition de 77,48 % avec I’E.Aq et de 29,43 % avec I’E.Met.
Bien que les deux extraits aient un faible effet chélateur des ions ferreux. Les résultats de
I’activité ant-iflammatoire montrent que le traitement des souris avec 1 mg/mL de I’E.AqQ et
I’E.Met inhibe significativement (p<0,001) la migration des neutrophiles avec des taux de
38,53 % et 47,5 %, respectivement. L'application topique de I’E.Aq et I’E.Met chez les souris
dans le modele de I’cedéme de l'oreille induit par I'huile de croton a réduit 1’oedéme avec des
taux d’inhibition de 68,75 % et 67 %, respectivement. Tandis que le traitement par voie orale
des deux extraits a 200 mg/kg et 400 mg/kg chez les souris ait montré un faible effet sur la
réduction de l'cedéme de la patte causé par la carragénane, les mémes concentrations de I’extrait
aqueux et méthanolique ont exerce un effet inhibiteur sur la douleur causée par I'acide acétique.
En évaluant I'effet des extraits étudiés sur les fonctions des neutrophiles humains, les deux
extraits ont montré une grande inhibition dose-dépendante de I'activité de I'élastase et de la
myéloperoxydase. Ces deux extraits se sont révélés capables d'inhiber significativement
(p<0,05) I’activité bactéricidie exercé sur Escherichia coli. Cependant, dans le test de la
phagocytose de la levure Candida albicans, les extraits étudiés ont montré une inhibition Iégere
et non significative de la phagocytose.

Mots clés: Anti-inflammatoire, Antioxydant, flavonoides, Hypericum tomentosum,
polyphenols.
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Introduction

Inflammation is thought of as a homeostatic mechanism that is brought on in tissue by
injury or infection in order to remove the specific pathogen or to repair the tissue. It consists of
the production of numerous inflammatory chemicals, which are typically brought on by the
activation of innate immune systems. In some cases, inflammation that extends from acute to
chronic can be harmful to tissue and cause cell malfunction or death. (Vezzani et al., 2013).

The treatment of inflammation is usually based on the intake of non-steroidal anti-
inflammatory drugs and glucocorticoids. All these anti-inflammatory drugs, regardless of the
route of administration, have a risk of gastrointestinal and renal toxicity. Herbal medicine can
be used as a substitute with favorable pharmacological characteristics. With low toxicity and
side effects, it is cheap and effective in treating several inflammatory diseases. In addition, most
countries (80%) in the world use medicinal plants for health purposes and pain treatment
(Miara et al., 2019).

On the other hand, the uncontrolled production of reactive oxygen and nitrogen species
cause or maintain inflammatory processes. The neutralization of these species by antioxidants,
especially of natural origin, can limit the damage to biomolecules (DNA, proteins, lipids and
sugars) (Song and Zou, 2015).

Algeria presents a taxonomic biodiversity of plants given its privileged biogeographical
position and its extent between the Mediterranean and sub-Saharan Africa. Its richness makes
the study of the Algerian flora of enormous scientific interest for researchers.

Therefore, the use of medicinal plants is a good alternative for the search for new
therapeutic molecules.

In this context fits this present work whose main objective is to evaluate the anti-
inflammatory and antioxidant properties of a medicinal plant commonly used in traditional
medicine: Hypericum tomentosum

In this study, four aspects are studied.

» The first part is phytochemical study based mainly on the extraction, quantification and

identification of phenolic compounds.

» The second part is devoted to the evaluation of the antioxidant activity by several in

vitro tests (free radical scavenging, hydrogen peroxide scavenging, reducing power,

ferrous ion chelating, anti-hemolytic and p-carotene bleaching activities).
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» The third part is devoted to evaluating the toxicity of the plant extracts studied, with the
aim of defining the toxic threshold and the range of harmlessness of these extracts.

> In the fourth part, the anti-inflammatory activities (in vivo and in vitro) were studied
using several models including human neutrophils elastase and myeloperoxidase
activities, anti-bactericidal activity, phagocytosis test, ear edema induced by croton oil,

paw edema induced by carrageenan, air pouch and analgesic test.
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Inflammation

Inflammation is the body's complex response to chemical and/or physical aggression
(Germolec et al., 2018). It’s characterized by the activation of immune and non-immune cells
which release mediators like vasoactive amines, eicosanoids and pro-inflammatory cytokines.
These mediators are engaged in the inflammatory process by preventing tissue damage and

restoring tissue integrity (Abdulkhaleq et al., 2018; Furman et al., 2019).

Inflammation can be acute or chronic. The first mainly involves tissue repair. However, it

may develop into chronic inflammation, which is related to many diseases (Chen et al., 2018).
I. 1. Acute inflammation

Acute inflammation is a rapid, dynamic and reversible process leading to its resolution.
This physiological response is defined by four clinical signs heat pain, redness and swelling.
These symptoms are linked to the effects of the various inflammatory agents present at the site
of the aggression (Noack and Kolopp-Sarda, 2018). The acute inflammatory response occurs in
three phases.

I. 1. 1. Vascular phase

It occurs as a result of interactions between PAMPs (Pathogen-Associated Molecular
Patterns), molecules from an infectious organism, and DAMPs (Damage-Associated Molecular
Patterns), which are molecules released by damaged cells of the host, with PRR (Pettern
Recognition receptor) expressed by innate immunity cells (figure 1), these sentinel cells react
rapidly by secreting pro-inflammatory cytokines (Varela et al., 2018). The coagulation cascade
is activated and results in the formation of fibrin which forms clots in cooperation with activated

platelets (Nasimuzzaman and Malik, 2019).

During this phase, several inflammatory mediators are released: lipid mediators
(prostaglandin, leukotriene), vasoactive factors (histamine and serotonin) (Kim, 2016), kinins
and complement proteins (Lopatko Fagerstrom et al., 2019) leading to: vasodilation responsible
for redness and heat (Varela et al., 2018), vasodilation is accompanied by an increase in
vascular permeability and consequently plasma exudation and thus the formation of edema
(Sansbury and Spite, 2016), cell migration, and activation of local nociceptors in damaged

tissue, inducing the sensation of pain (Kumar and Jain, 2014).
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Figure 1. Inflammation initiation and clinical symptoms (Varela et al., 2018).
I. 1. 2. Cellular phase

It is the recruitment of blood leukocytes to damaged tissues, the first cells attracted to the
damaged site are neutrophils followed by monocytes and then the migration of lymphocytes
(Chen et al., 2018). The cascade of this migration initiates by a weak interaction between the
endothelial cells, activated by the inflammatory mediators, and the leukocytes this interaction
is ensured by the selectins P and E and their glucosylated ligands (figure 2) those which lead
to the rolling of the leukocytes. This rolling leads to the interaction of leukocytes with
chemokines retained on the surface of endothelial cells, which leads to the activation of
leukocyte integrins such as LFA-1 (Leukocyte Function-associated Antigen-1) and VLA-4
(Very Late activation Antigen-4). LFA-1 binds with ICAM-1 (Inter Cellular Adhesion
Molecule) leading to firm adhesion of neutrophils, while the interaction between VLA-4 and
VCAM-1 (Vascular Cell Adhesion Molecule-1) is important in the binding of monocytes with
the endothelium (Kourtzelis et al., 2017) and then the migration through the endothelial tissue,
usually at the anchorage point where two cells connect through the membrane (Castan et al.,
2016).
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Once leukocytes reach the inflammatory focus, neutrophils defend against invading
pathogen and degrade it in a phagolysosome and they release reactive oxygen species (ROS)
and lytic enzymes (Sansbury and Spite, 2016; Germolec et al., 2018).

The second wave of cells consists of monocytes, which reach the focus of inflammation,
where they transform into macrophages, and play an important role in phagocytosis, antigen
presentation and immune system regulation through the production of cytokines and growth
factors (Chen et al., 2018).
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Figure 2. Leukocyte diapedesis (Kourtzelis et al., 2017).

I. 1. 3. Resolution phase

Under physiological conditions, the inflammatory reaction is followed by the resolution
phase. This stage is considered to be an active process involving a variety of cellular and
molecular mechanisms, allowing the restoration of homeostasis and the restoration of the
integrity of the damaged tissues (Barnig, 2016).

The resolution of inflammation is a process of fine regulation. At this stage, the gradient
of chemokines is diluted with time, the infiltration of neutrophils to tissues is reduced or
stopped, and these neutrophils are apoptotic. Macrophages are reprogrammed and transformed
from pro-inflammatory phenotype to anti-inflammatory phenotype macrophages M2 which are
a powerful phagocytes of apoptotic cell fragments, which play a role in tissue repair (Chen et
al., 2018).
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Endothelial repair is ensured by endothelial cells (neoangiogenesis) and fibroblasts
(collagen) under the effect of cytokines secreted by macrophages (Noack and Kolopp-Sarda,
2018).

I. 2. Chronic inflammation

It is a maladaptive, long-term and dysfunctional response involving persistent
inflammation and tissue destruction (Bernstein et al., 2018). It may last for a long time and lead
to the loss of inflammatory regulation process, resulting in irreparable tissue damage and many

diseases.

I. 3. The effectors of inflammation

I. 3. 1. Cellular effectors

The inflammatory process involves different types of cells, which are both circulating cells
that migrate to the interstitial tissue or cells of the inflammatory focus.
Polymorphonuclear neutrophils, neutrophils, or polymorphonuclear neutrophils (PMNs) are
cells of the innate immune system that play a very important role in defenses against pathogens.
They are the most abundant leukocytes in the blood stream, and their numbers increase very
sharply and very rapidly during infections (Gillis and Reber, 2018). These cells are the first to
mediate acute inflammation. Their granules include several enzymes, peptides and proteins,
they are able to releasing ROS, PMNs migrate from the blood to the damaged site following
vasodilation and inhance vascular permeability (Germolec et al., 2018).
Monocytes/ macrophage, during inflammation, circulating monocytes leave the blood stream
and migrate to the tissue and they differentiate into macrophages under the effect of growth

factors and pro-inflammatory cytokines (Shapouri-Moghaddam et al., 2018).

Eosinophils, are the predominant inflammatory cells during parasitic infection. They are
recruited to the inflammatory site under the influence of number of factors including interleukin

(IL)-5, IL-2, IL-16, histamine and certain complement proteins (Germolec et al., 2018).

Mast cells, are resident cells in connective tissue. They initiate the inflammatory response via
the production of pro-inflammatory mediators: histamine, prostaglandin, leukotriene and
proteases (Chen et al., 2018).

Endothelial cell, whose function goes beyond a structural barrier that separates the blood from
the outer cavity to the endocrine organ secretes vasoactive vasodilating or vasoconstricting
agents (Maruhashi et al., 2019).
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Platelets, circulating anucleated cells rapidly recruited to the damaged site and activated
locally. The primary function of platelets is the formation of clots by subsequently inhibiting
plasma exudation. They work in concert with the coagulation system proteins. Platelets are
involved in the inflammatory process via the production of ROS and other mediators such as
heparin and serotonin (Germolec et al., 2018).

Lymphocytes, a family that includes B cells, T cells and natural killer (NK) cells. They arise
from a common lymphoid progenitor. B and T lymphocytes are involved in the humoral and
cell-mediated adaptive immune response. While NKs are involved in innate immunity (Jung et
al., 2019).

Fibroblasts, resident cells in all tissues of the body. They are involved in the initiation of
inflammation through antigen presentation (Desai et al., 2018), but also in the restoration of
tissue integrity and homeostasis (Mescher, 2017).

Basophils, polymorphonuclear basophils form a rare myeloid population, representing less than
1% of blood leukocytes. Activation of polymorphonuclear basophils leading to the
establishment of an inflammatory response by the release of preformed pro-inflammatory
mediator such as histamine or neoformed such as derivatives of arachidonic acid after the action
of phospholipases A2 and C, leading to the production of leukotrienes, prostaglandins and

platelet activating factor (Rostan et al., 2014).
I. 3. 2. Soluble effectors

The presence of circulating pathogens leads to the activation of inflammatory cells which
produce several types of pro-inflammatory mediators responsible for triggering and/or
continuing the inflammatory reaction.

Vasoactive amines and peptides, histamine and serotonin are released following
degranulation of mast cells, basophils and platelets, it increases vasodilation and vascular
permeability. While substance P is secreted by sensory neurons and induces mast cell
degranulation (Kim, 2016).

Eicosanoids, arachidonic acid is a major component of the phospholipid membrane, it
represents a substrate of inflammatory mediators called eicosanoids. The lipo-oxygenase
enzyme acts on this acid by producing leukotriene which stimulates the infiltration of
leukocytes and under the effect of cyclo-oxygenase there will be the production of
prostaglandin and thromboxane. The latter induces platelet aggregation. While prostaglandin is

a vasodilating agent and increases vascular permeability (Abdulkhaleq et al., 2018).
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Kinins, are peptides released by kininogen. During the vascular phase of inflammation, kinins
are activated and induce vascular permeability and neutrophil recruitment (Lopatko Fagerstrom
etal., 2019).

Complement, is activated during the vascular phase of inflammation, it is involved in the
natural defense of the host but also in the adaptive response, the activation of complement
reinforces the inflammatory response by the induction of opsonization, the chemotaxis and
anaphylaxis (Lopatko Fagerstrom et al., 2019).

Coagulation system, of which thrombin and fibrin are part which induce the secretion of
chemokines and pro-inflammatory cytokine by leukocytes and platelets and also change the
adhesive properties of leukocytes by increasing the expression of selectin P and CD40 ligand
(Nasimuzzaman and Malik, 2019).

Platelet activating factor, mediator synthesized from membrane phospholipids by activation
of phospholipase A2, by many inflammatory cells. It increases vascular permeability and
platelet aggregation, stimulates the attraction of leukocytes and their adhesion to the
endothelium (Rousselet and Vignaud, 2005).

Cytokines and chemokines, cytokines are mediators involved in the intercellular
communication of the immune system and whose biological activity manifests itself at very low
concentrations by binding to specific high-affinity membrane receptors. Their role is to induce,
control or inhibit the intensity and duration of the immune response (Joffre and Layé, 2016).
The main pro-inflammatory cytokines described are tumor necrosis factor (TNF)-a, interferon
(IFN)-y, IL-1 and IL-6 (Gupta et al., 2020). During the innate inflammatory response,
phagocytic and NK cells release cytokines. However, during an adaptive inflammatory
response, they are secreted mainly by lymphocytes and antigen-presenting cells (Germolec et
al., 2018).

I. 4. Inflammation and pathologies

Numerous studies indicate that chronic inflammation contributes to the development of
several diseases (figure 3) such as Alzheimer's disease and osteoporosis (Park et al., 2014),
arthritis, asthma, atherosclerosis, aging, diabetes, autoimmune and kidney diseases (Germolec
et al., 2018; Furman et al., 2019). It also plays a role in depression in some people,
epidemiological studies have demonstrated that high levels of circulating pro-inflammatory
cytokines have been linked to depression (Joffre and Layé, 2016).

The chronicity of the inflammation also increases the risk of cancer. It causes

carcinogenesis by causing a genetic or epigenetic mutation leading to the initiation of cancer,
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inflammatory cytokines and chemokines facilitate the occurrence, proliferation of cancer cells
and also angiogenesis (X. Zhang et al., 2017).

In addition, high quantities of thrombin and fibrinogen during inflammation change the
clot's structure, creating a denser fibrin network that is more resistant to fibrinolysis and is

linked to an increased risk of cardiovascular disease (Picard et al., 2017).
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Figure 3. Inflammation related diseases (Arulselvan et al., 2016).

I. 5. Inflammation treatment

I. 5. 1. Non-steroidal anti-inflammatory

Non-steroidal anti-inflammatory drugs (NSAIDs) are one of the most widely used
therapeutic categories in the world, whether in the context of medical prescriptions or self-
medication. These drugs have analgesic and antipyretic effects related to anti-inflammatory
effects. Non-steroidal anti-inflammatory drugs inhibit the recruitment of neutrophils at
inflammatory sites and impair their intrinsic function (Voiriot et al., 2018). This class blocks
the expression of cyclooxygenase in cell membranes (figure 4), which is essential in the
biosynthesis of several prostaglandins from arachidonic acid. There are at least two isoforms of
cyclo-oxygenase: cyclo-oxygenase (COX)-1 and COX-2 (Monteiro and Steagall, 2019). COX-
1 is constitutive and is involved in tissue hemostasis, while COX-2 is inducible by pro-
inflammatory and infectious agents (Nokhbehsaim et al., 2020).Their therapeutic benefit is
however limited by the occurrence of potentially serious adverse effects, mainly renal but also
digestive (Boussouf et al., 2017; Patil and Patil, 2017).
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I. 5. 2. Glucocorticoids drugs

Glucocorticoids constitute a vast family of drugs derived from cortisol. They have anti-
inflammatory and immunosuppressive properties (Monteiro and Steagall, 2019) and they are
widely used to treat inflammatory and autoimmune diseases (Liberman et al., 2018).

Glucocorticoids prevent the activation of phospholipase, by blocking the prostaglandin
pathway (Monteiro and Steagall, 2019) (figure 4) and they act on transcription factors such as
NF-kB (nuclear factor kappa-B) and AP-1 (activator protein-1) by repression subsequently
inhibiting the production of pro-inflammatory cytokines, ROS, expression of cytokine
receptors, molecular adhesion and chemotaxis of proteins involved in inflammation (Liberman
et al., 2018).

Although glucocorticoids represent the most effective treatment for inflammatory diseases,
prolonged administration of these drugs leads to osteoporosis, cataracts, weight gain (Strehl et
al., 2011) and also causes endocrine, cardiovascular and neuropsychiatric disorders (Bernstein
et al., 2018).
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Co.rtic.o§t-eroid » Phospholipases
inhibition 1

Arachidonicacid

//\/

NSAID Cyclooxygenase 5-Lipoxygenase
inhibition (COX-1 and COX-2)

Figure 4. Site of inhibition of cyclo-oxygenases by NSAIDs and site of inhibition of
phospholipases by glucocorticoids (Monteiro and Steagall, 2019).
1. 5. 3. Biotherapy

Biotherapy or biological treatment has developed considerably in recent years around the
world. This is a varied field of procedures including immunotherapies, cell and gene therapies.
These consist respectively of introducing modified cells into the body or acting on the patient's
genes. Many agents are used including anti-TNF, anti-IL-1, anti CD20 (Ka et al., 2019).

10
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Although this type of therapy is targeted and presents encouraging results, it is however
likely to induce multiple, sometimes severe side effects and these can affect the respiratory
system at all levels (Bonniaud et al., 2018).

I. 5. 4. Anti-inflammatory effect of plant source

Phytotherapy can be imposed as an alternative with fewer side effects. The diversity of the
plant world and its molecular richness constitute an important source of bioactive molecules of
natural origin. Among these bioactive molecules polyphenols, sterols, alkaloids, coumarins,
terpenes, saponins, etc (Shahidi and Ambigaipalan, 2015). These active substances can act at
several levels of the inflammatory reaction by regulating the activity of certain inflammatory
cells such as macrophages, neutrophils and NK cells and by modulating the expression of
mediators and pro-inflammatory molecules like COX, nitric oxide synthase, TNFa, IL-1, IL-
10 and other cytokines (Patil and Patil, 2017). They are also capable to inhibit ROS production
ROS and molecules adhesion expression (Epa et al., 2018; Dramane et al., 2019). In this

context, several examples of plants can be cited:

v Curcuma longa (turmeric) contains a yellow pigment called curcumin, a polyphenol
that inhibits the transcription of NF-«kf in charge of the production of pro-inflammatory
cytokines and downregulates inflammatory enzymes like COX-2 (Bernstein et al.,
2018).

v Capparis spinosa is a plant widely used in the Mediterranean region for the relief of
arthritis pain. Kernouf et al. (2018) reported that the methanolic extract of the flower
buds of this plant have an anti-inflammatory effect, due to the richness of the plant by
bioactive molecules.

v Ginger, which has been used in traditional medicine for thousands of years, contains a
substance gingerol. This molecule can inhibit the production of nitric oxide and the
expression of TNF-a, IL-1, IL-6 and prostaglandin (Liang et al., 2018).

11
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1. Oxidative stress

An imbalance between the oxidant/antioxidant system which results from the excessive
production of reactive oxygen and nitrogen species and/or the deficiency in the antioxidant

system resulting in oxidative stress (Nemmiche, 2016;Dramane et al., 2019).
I1. 1. Free radicals and reactive oxygen and nitrogen species

Free radical is a highly reactive atom or molecule with one or more unpaired electrons in
their outer orbital (Liguori et al., 2018). They are very unstable and very reactive chemical
substances with a very short lifespan (Yaribeygi et al., 2019).

The word "ROS" refers to compounds that include one or more activated oxygen atoms
whether in the form of radical species: hydroxyl radical (OH"), superoxide anion (O2"), alkoxyl
(RO") and peroxyl radical (RO") or not radical compounds, singlet oxygen (*O2), hypochlorite
ion (ClO") hydrogen peroxide (H20.) and organic hydroperoxide (ROOH) (table 1) (Zulaikhah,
2017).

Nitric oxide (NO"), nitrogen dioxide (NO?"), peroxynitrite (ONOO") and nitroxyl anion
(NO") are reactive nitrogen species (RNS). More recently RNS have been defined as a subgroup
of oxidants derived from nitric oxide (Saddhe et al., 2019) (table 1).

Table 1. ROS and RNS (Butterfield and Halliwell, 2019).

ROS RNS
Superoxide (O2") Nitric oxid (NO°)
Hydroxyl (OH") Nitrogen dioxide (NO2")
Radical species Peroxyl (RO2") Nitrate (NO3")
Alkoxyl (RO’)
Hydrogen peroxyde (H202) Nitrous Acid (HNOz)
Not radical species Hydroperoxyde (ROOH) Nitrosyl anion (NO")
Hypochlorous acid (HOCI) Nitrosyl cation (NO*)
Singlet oxygen (*O2) Peroxynitrite (ONOO")
Peroxynitrous acid (ONOOH)

12
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Oxygen (or dioxygen, O>) is essential for the production of energy by many forms of life

(animals, plants, bacteria). This production of energy in the form of adenosine triphosphate

(ATP) called oxidative phosphorylation takes place in particular via electron transport chains

present in the inner membrane of the mitochondria. While about 2% of the oxygen consumed

at the mitochondrial level is transformed into superoxide radicals during the first electronic

oxygen reduction (Migdal and Serres, 2011). The high reactivity of the superoxide anion can

convert it to a relatively stable form that is hydrogen peroxide under the effect of an enzyme,

the superoxide dismutase (figure 5). Nitric oxide and the superoxide anion can also interact to

form peroxynitrite. According to the Fenton reaction, hydrogen peroxide can also break down

in the presence of reduced metal ions, such as ferrous iron, to produce the hydroxyl radical, a

highly reactive species with a very short half-life (Song and Zou, 2015).
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Figure 5. ROS generation (Song and Zou, 2015).

I1. 3. Sources of reactive oxygen and nitrogen species

Cellular ROS are generated by both exogenous and endogenous sources.

13
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I1. 3. 1. Endogenous source
Mitochondria

The mitochondria generate energy for the cell in the form of ATP via oxidative
phosphorylation. The mitochondrial respiratory chain is composed of four protein complexes
from I to IV (figure 6) and is considered the main endogenous source of ROS generation due
to electron leakage causing the reduction of Oz to O™ (Song and Zou, 2015; Yaribeygi et al.,
2019).
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Figure 6. ROS source electron leak within the electron transport chain (OMM, outer
mitochondrial membrane, IMS, intermembrane space; IMM, inner mitochondrial membrane;
Q, ubiquinone; C, cytochrome) (Zhao et al., 2020).
NAD(P)H oxidases

NAD(P)H oxidaseis an enzyme that catalyzes the one-electron reduction of O using
NADPH or NADH as an electron donor:

NAD(P)H + 20, NAD(P)*+ H*+ 2 O™

NAD(P)H oxidase is localized in the cytoplasmic membrane. It was initially studied in

phagocytic cells where it plays a key role in defense against pathogens, but it also exists in all
other non-phagocytic cells where it participates in cell signaling (Migdal and Serres, 2011; Song
and Zou, 2015).
Xanthine oxidase

Xanthine oxidase is an enzyme released by the liver and it can bind to the endothelial cell
surface. Xanthine oxidase transforms hypoxantine into xanthine and xanthine into uric acid
these reactions are accompanied by the release of O™ or H2O> the latter can results in the
formation of ONOO™ or OH" (Schmidt et al., 2019).

14



Litterature review

Nitric oxide synthase

Nitric oxide is a radical species synthesized by the three isoforms of nitric oxide synthase
nitric oxide synthase: endothelial, neuronal and inducible where L-arginine is converted into

citruline and NO" in the presence of oxygen (Song and Zou, 2015; Zhao et al., 2020).

Cytochrome P450

Cytochrome P450 is an essential enzyme involved in the biotransformation of drugs,
xenobiotics and also endogenous molecules. During catalytic cycles of cytochrome P450 ROS
can generate (Veith and Moorthy, 2018).
I1. 3. 2. Exogenous sources

The environment has an impact on the ROS generation. Exposure to ultraviolet itself,
therefore to the light rays of the sun, is an activator of the enzyme nitric oxide synthase for the
production of nitric oxide (Jagoda and Dixon, 2020).

Xenobiotics such as tobacco, alcohol, drugs, industrial solvents and pesticides participate
in the genesis of free radicals (Drzezdzon et al., 2018; Liguori et al., 2018).

In addition, heavy metals such as cadmium, mercury and cobalt induce the formation ROS
(Nemmiche, 2016; Gupta et al., 2020;).

I1. 4. Target of reactive oxygen species

Despite ROS play a physiological role in the control of gene expression, cell cycle,
apoptosis (Yaribeygi etal., 2019), cell signaling, neurotransmission, muscle relaxation, platelet
aggregation and phagocytosis (Santos et al., 2020), their high concentrations are able to attack
the macromolecules that make up cells such as lipids, proteins and DNA. Damage to these
molecules inevitably leads to cell death.
Il. 4. 1. Lipids

The polyunsaturated fatty acids of membrane phospholipids are very sensitive to oxidation
by ROS (Song and Zou, 2015). The process of lipid oxidation occurs in three stages: initiation,
propagation and termination. The first necessary step is the abstraction of a hydrogen atom from
an unsaturated fatty acid molecule RH to form the alkyl radical R*. This unstable fatty acid
radical reacts rapidly with O, to form a ROO" peroxyl radical. There is then transfer of a
hydrogen atom by another molecule of fatty acid to form hydroperoxides ROOH this is the
propagation step. The oxidized fatty acid turns into an alkyl radical and another cycle begins
again (El-Beltagi and Mohamed, 2013).
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The interaction of two free radicals and creation of a stable product or the reaction of the
radical with an antioxidant molecule like vitamin E can stop the chain reaction (termination
phase). (Shahidi and Ambigaipalan, 2015; Cederbaum, 2017).

Lipid peroxidation leads to the formation of highly reactive dialdehydes like
manoldialdihyde and 4-hydroxynonenal which in turn leads to changes in membrane fluidity
and permeability (Z. Zhang et al., 2017).

Il. 4. 2. Proteins

Because of their abundance in the body, proteins are an important target of ROS, which
can oxidize proteins by different processes such a modification of this key organic component
of life leads to a loss of their function (Demidchik, 2015).

Basic (arginine, histidine, lysine), sulfur (methionine, cysteine) or aromatic
(phenylalanine, tryptophan, tyrosine) amino acids are particularly sensitive to oxidation, in
particular by addition of carbonyl groups. These carbonyl groups can react with non-oxidized
amine functions of lysine to form imine bonds (-HC N-). The oxidation of cysteines leads to
the formation of disulphide bridges. The oxidation of two nearby tyrosines can also lead to the
formation ofdityrosine, all of these processes can lead to protein aggregation (Durand et al.,
2013).

I1. 4. 3. Nucleic acids

Nuclear and mitochondrial DNA can also be altered by ROS, nucleic acids are particularly
sensitive to the hydroxyl radical. The attack is essentially carried out at the level of the
constituent bases of the nucleotides, whether purine or pyrimidine (Baudin, 2020) and induces
the modification of the nitrogenous bases, for example the modification of the guanine base to
the 8 oxoguanine (figure 7). ROS can react with oncogenic or tumor suppressor genes, induce
epigenitic alterations and single-strand and double-strand DNA breakage (Li et al., 2018). All

these alterations can lead to cell death and aging.
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Figure 7. Oxidation of guanine to 8-oxoguanine (Baudin, 2020).

I1. 5. Oxidative stress and pathologies

Like inflammation, oxidative stress is a phenomen implicated in several diseases: cancer,
cataract, amyotrophic lateral sclerosis, acute pulmonary distress syndrome, pulmonary edema,
and accelerated aging (figure 8). It is considered to be one of the factors potentiating the genesis
of multifactorial diseases like diabetes and cardiovascular diseases (Favier, 2006; Liguori et
al., 2018).

According to Cederbaum (2017) the brain is the major target of ROS which play a big role
in Alzheimer's disease, Parkinson's and other neurodegenerative diseases.

The relationships between oxidative stress and cancer appear to be very close; ROS cause
DNA damage like 8-oxo0-7,8-dihydro-2'-deoxyguanosine which is considered as a marker of

oxidative stress (Jagoda and Dixon, 2020).
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Figure 8. Oxidative stress related diseases (Fleming and Luo, 2021).

I1. 6. Antioxidant mechanisms

In the case of oxidative stress, the cell must oppose the development and propagation of
stress, by maintaining the balance between the production of ROS and their destruction by
antioxidant defense systems. These antioxidant systems can be enzymatic or non-enzymatic
antioxidants.
I1. 6. 1. Enzymatic antioxidants
Superoxide dismutase

Superoxide dismutase (SOD) plays an important role in the dismutation of highly reactive
0O." into H20, and oxygen (figure 9) (Song and Zou, 2015). SOD exists in three distinct
isoforms which are differentiated by their cellular localization and by their metal cofactor: a
cytosolic form associated with copper ions and/or zinc CuZnSOD (SOD1), a mitochondrial
form associated with manganese; Mn-SOD (SOD?2) (Peng et al., 2014).
Catalase

Catalase (CAT) is an enzyme responsible for converting H>O: into water (H.0) and oxygen
(figure 9) using iron or manganese as a cofactor. Catalase is preferentially located in the
peroxisome and in small quantities in the cytoplasm and mitochondria. The affinity of catalase
for H202 is minor in case of low H202 concentration, but it becomes increasingly important
when H20: contents are high (Gandhi and Abramov, 2012).
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Glutathione peroxidase

Glutathione peroxidase (GPx) is an important intracellular enzyme that catalyzes the
reduction of H>O using reduced glutathione (GSH) as a substrate (figure 9). It can also reduce
other lipid peroxides to alcohols mainly in mitochondria and cytosol, its activity dependent on
selenium (Francenia Santos-Sanchez et al., 2019).
Glutathione reductase

Glutathione reductase (GR) an important enzyme in the reduction of glutathione disulfide
(GSSG) to GSH (figure 9) using flavin adenine dinucleotide and nicotinamide adenine
dinucleotide phosphate (Espinosa-Diez et al., 2015).
Glutathione S-transferase

Glutathione S-transferase (GST), enzyme that catalyzes the conjugation of glutathione with
hydrophobic molecules and participates in the repair of damage to macromolecules caused by

oxidative stress and the regeneration of oxidized sulfuric proteins (Z. Zhang et al., 2017).
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Figure 9. The major enzymatic antioxidants and their actions (Zulaikhah, 2017).

I1. 6. 2. Non-enzymatic antioxidants
Vitamin

Vitamin E is a fat-soluble antioxidant that guards against ROS damage to cell membranes
(Dasuri et al., 2013). Vitamin E can intercalate in the lipid bilayer of membranes and reacts
with the fatty acid radical and the pyroxyl radical thus ending the chain reaction of lipid

peroxidation (Cederbaum, 2017).
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Vitamin C or ascorbic acid is a water-soluble antioxidant and considered to be the most
powerful natural antioxidant (Gulgin, 2012). It prevents the oxidation of low density
lipoproteins, transfers hydrogen atoms to the peroxyl radical and inactivates 'O, (Francenia
Santos-Sanchez et al., 2019) and it also participates in the recycling of vitamin E (Gulgin, 2012;
Song and Zou, 2015).

Vitamin B6 exerts an indirect antioxidant role by promoting the synthesis of cysteine from
methionine and thus enhances the production of GSH (Dalto and Matte, 2017).

Glutathione

GSH is a tripeptide (glutamyl-cysteinyl-glycine) which plays an important role in cellular
protection against oxidative stress. It exists in two forms: a very abundant reduced form (GSH),
and an oxidized form (GSSG) ( Nemmiche, 2016; Kamal et al., 2019). The following two
kinds of reactions include GSH:

* The thiol group of GSH serves as a major attack target for ROS (Song and Zou, 2015).
» GSH is a main source of hydrogen; it constitutes a substrate for GPx (Liguori et al., 2018).
Trace element

Trace elements serve in particular as cofactors for antioxidant enzymes, for example
selenium is the cofactor for GPx (Svoboda et al., 2016); copper and zinc are cofactors of SOD
(Bueno et al., 2020).

Coenzyme Q10

A powerful fat-soluble antioxidant that enriches the mitochondrial oxidative chain and cell
membranes. It has a ROS scavenger activity, thus allowing protection of membranes against
lipoperoxidation (Dasuri et al., 2013).

Polyphenols

Polyphenols group more than 8,000 molecules that have the same basic structure
characterized by the presence of at least one 6-carbon aromatic ring that carries a variable
number of hydroxyl functions (Ganesan and Xu, 2017; Elufioye et al., 2019). These molecules
which involve several classes (phenolic acids, flavonoids, anthocyanins, tannins and stilbenes)
have shown great interest in human health while reducing the risk of certain pathologies such
as inflammatory diseases, cardiovascular diseases, cancer , neurodegenerative diseases and
microbial and viral infections (Bernstein et al., 2018; Olivares-Vicente et al., 2018).

As antioxidants, the primary function of polyphenols is to scavenge ROS and prevent or
stop the spread of lipid peroxidation (Shahidi and Ambigaipalan, 2015). They can also act as

a metal chelator thus preventing the Fenton reaction (Shahidi and Ambigaipalan, 2015; Jomova
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et al., 2017) and inhibitor of certain enzymes involved in ROS generation such as xanthine
oxidase and cyclo-oxygenase (Jayasena et al., 2013; Shahidi and Ambigaipalan, 2015).
I1. 6. 3. Other antioxidants

There are other peroxidases like peroxiredoxins, which react with H2O, and catalyze the
reduction and detoxification of peroxynitrites and other organic hydroperoxides (Espinosa-
Diez et al., 2015), and thioredoxin reductase and thioredoxin which have a similar function of
GSH and GPx (Cederbaum, 2017).

Bilirubin which results primarily from the catabolism of hemoglobin. It is able to scavenge
peroxyl radicals and singlet oxygen, its cytoprotective activity is based on the inhibition of lipid
and protein peroxidation (Grochot-Przeczek et al., 2012).

Carotenoids represent groups of exogenous antioxidants that react with the products of
lipid peroxidation blocking the chain of lipid peroxidation (El-Beltagi and Mohamed, 2013).

Proteins like albumin can trap directly on ROS or indirectly by uptake of transition metals
by inhibiting the Fenton and Haber-Weiss reaction (Taverna et al., 2013).

N-acetylcysteine, the derivative of the amino acid I-cysteine is considered a scavenger of
free radicals (Aldini et al., 2018) and it is also able to regenerate aloumin (Altomare et al.,
2020).

II1. Hypericum tomentosum L.

Hypericum tomentosum (H. tomentosum) was selected for its traditional use and its distribution

in our country and for few studies in it.
I1I. 1. Description

There are over 450 species of trees, shrubs, and herbs in the genus Hypericum, which is a
member of the Hypericeae family, and they may be found across the world's temperate zones
(Martonfiova et al., 2014). The name Hypericum comes from hypo and ereikn or erikn meaning
"plant that grows under heathers™; it could also come from hyper and eikon meaning "plant
resembling a ghost's image or plant with an air of mystery" (Mederos-Molina, 2002).

H. tomentosum, commonly called "hchichat elhayra™, is a perennial plant that is primarily
found in the Mediterranean region. The word "tomentosum” refers to the plant's aerial section,
which has paired white hairs (Henzelyova and Cellarova, 2018). This plant grows in meadows
a little humid and at the edge of streams (figure 10).

The floristic characters of H. tomentosum can be defined as herbs with translucent glands
containing hypericin, leaves are ovate, stemless and whorled, turn red when rubbed. This
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reaction is due to hypericin, a red pigment. Flowers are bisexual, five sepals, and five yellow

petals. The flowers bloom is from June until September (Asan, 2019).

I11. 2. Botanical classification

Kingdom: Plantae
Subkingdom: Tracheobionta
Phylum: spermatophytae
Subphylum: Magnoliophyta
Class: Magnoliopsida
Subclass: Rosidae

Order: Malpighiales

Family: Clusiaceae
Subfamily: Hypericoideae
Tribe: Hypericeae

Genus: Hypericum

Specie: tomentosum (Touafek, 2010).

I11. 3. Phytochemistry and biological properties

Studies have shown that Hypericum species contains phloroglucinol, flavonoids, xanthone
and terpenes (Touafek et al., 2012a; Zubricka et al., 2015).

Numerous significant chemical compounds with biological activity can be found in H.
tomentosum. These compounds are naphthodianthrone (hypericin and pseudohypericin) which
have an intense red color and phototoxic properties (Napoli et al., 2018). Phloroglucinol
derivatives are widely distributed in this genus and the major group of biologically active
compounds in H. tomentosum comprises of flavonoids. Kaempferol, luteolin, myricetin,
quercetin, hyperoside, quercitrin and isoquercitrin (Asan, 2021).

Hosni et al. (2008) reported that the major compounds of H. tomentosum essential oils are
menthone (17.0%), n-octane (9.9%), caryophyllene (5.3%), pinene (5.2%), lauric acid (4.1%)
and pinene (3.7%); Bouratoua et al., (2016) identified 8 flavonoids and a phenolic acid from
the butanol extract: dehydrokaempferol, luteolin, quercetin, apigenin, rutin quercetin-7-O-a-L-
rhamnosyl-3-O-3-D-glucoside , quercitrin, hyperoside and chlorogenic acid; and isolated 3

sterols stigmasterol, campesterol and sitosterol from the dichloromethane extract.

22



Litterature review

The genus Hypericum is used in traditional medicine thanks to its anti-inflammatory,
antioxidant, antiviral and analgesic effects (Rouis et al., 2012); it is used for the treatment of
depression, ulcer, rheumatism and hysteria (Bouratoua et al., 2016), burns, hemorrhoids,
diarrhea, and ulcers (Asan, 2021).
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Materials and methods

I. Materials
I. 1. Reagents

All chemicals used in the present study were of analytical grade. 2,2’-diphenyle-1-
picrylhydrazyl (DPPH"), p-carotene, tween 40, linoleic acid, dimethyl sulfoxide (DMSO),
trichloroacetic acid (TCA),potassium ferricyanide[KsFe (CN)e], ethylenediaminetetraacetic
acid (EDTA), ferric chloride (I1l) (FeCls) , ferrous chloride (11) (FeCl,), folin-ciocalteu
reagent, vanillin, hydrochloric acid (HCI), gallic acid, quercetin, catechin, standard analytes,
peroxidase, AAPH (2,2'-Azobis (2-amidinopropane) dihydrochloride), ABTS® (2,2'- azino-bis
(3 -ethylbenzothiazoline -6- sulfonic acid)),ferrous sulfate (FeSOs), ferrozine, Trolox, ascorbic
acid, butylatedhydroxytoluene (BHT), Hanks’ Balanced Salt Solution with Ca*and Mg?*
(HBSS2) and without Ca?*and Mg?* (HBSS1), heparin lithium, dextran, Histopaque®-1077,
fMLP (formyl-Methionyl-Leucyl-Phenylalanine), cytochalasin B (CB), trypan bleu, elastase
substrate: N-Methoxy-Suc- (Ala)2-Pro-Val-p-Nitroanilide,  4- (2-hydroxyethyl)
piperazineethanesulfonic acid (HEPES), myeloperoxidase substrate : 3, 3%, 5, 5'-
tetramethylbenzidine (TMB), o-dianizidine, methylen blue, hexadecyltrimethylammonium
bromide (HTAB), Triton X100, croton oil, carrageenan, aspirin ,indomethacin were purchased
from Sigma-Aldrich (Darmstadt, Germany). Salts for buffer solution preparation were procured
from Panreac (Panreac, Spain). Sodium carbonate (Na2COzs), sodium salicylate, aluminum
chloride (AICI3) and organic solvents were purchased from Prolabo (Prolabo, France).
Hydrogen peroxide and organic solvent were acquired from Riedel-de Haen (Illkirch, France).
Ammonium formate, formic acid and acetone were obtained from Merck (Darmstadt,
Germany).

I. 2. Animals

Female mice Swiss albinos provided by Algeria Pasteur Institute weighing between 25 and
30 g were used in the in vivo study. The animals were kept in polypropylene cages, with free
access to water and food, at room temperature, under natural cycle light. The food is provided
by the National Office of Livestock Foods in Bejaia.The food was taken away the day before

the experiment, but free access to water was still permitted.
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I. 3. Plant material

The plant Hypericum tomentosum (H. tomentosum) was harvested during flowering phase
in June, 2020 from Serdj el ghoul region in Setif, in Algeria. It was identified by Pr. H. Laouer,
Setif 1 University, Algeria. The aerial parts were dried at room temperature and in shadow.
Then air-dried leaves were ground using an electric grinder in order to get a fine powder.
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Figure 10. Photography of Hypericum tomentosum (self photo).

I. 4. Human blood

Before each experiment, fresh human blood from healthy adult donors who had not smoked
or taken any medications for at least the previous fifteen days was drawn from their veins to
isolate neutrophils.
I. 5. Microorganisms

The culture of Candida albicans (C. albicans), procured from university hospital center,
Setif and Escherichia Coli (E. Coli), procured from laboratory of microbiology, Setif, were
obtained after seeding of strains on sabouraud dextrose agar and nutrient broth medium,
respectively. The culture was incubated at 37°C for 24 to 48 hours.

1. Methods

I1. 1. Preparation of extracts

Methanolic extract (Met.E) of H. tomentosum was prepared as described by Bouriche et
al. (2017) by maceration of powdered dried leaves at ambient temperature for 48 hours in
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methanol-water solvent mixture (80:20, v/v) at a solid-liquid ratio of 1:10 (w/v) with
continuous stirring. The hydro-methanolic extract was filtered and the residue was re-macerated
in 50% methanol for the second time during 24hours. After filtration in the same condition, the
filtrate was concentrated under reduced pressure at 40 °C in rotavapor (BUCHI) and dried in
oven to get red powder which was stored at -32 °C until use. The extraction’s yield was
calculated using formulation below:
Y (%) = (M/ Mo) x 100

Y: yield of extraction
M: mass by gramof resulting extract
Mo: mass by gram of powder plant using for extraction

According to the protocol described by Gilgin et al. (2010), agueous extract (Ag.E) of H.
tomentosum was prapared. A weight of powdered dried leaves was boiling for 15 min at solid-
liquid ration of 1:16. After cooling the mixture was filtrated two times successive the extract

was lyophilized to obtain a red fine powered which was stored at -32 °C until use.
I1. 2. Phytochemical analysis

I1. 2. 1. Determination of total phenolic content

The total phenolics content of aqueous and methanolic extracts were determined as
described by Li et al. (2007). Practically, 100 pL of extract with different concentrations were
mixed with 500 pL of folin-ciocalteu’s reagent 10%. After 4 min, 400 uL of Na2COz 7.5% were
added and the reaction mixture was incubated at ambient temperature and at obscurity for two
hours, followed by the measuring of absorbance at 765 nm. Concentration on polyphenol of
each extract was calculated from regression equation of gallic acid’s standard calibration curve
(figurell) and the results were expressed as microgram of Gallic Acid Equivalent per
milligram of extract (ug GAE/ mg of extract). All samples were analyzed three times and the

mean value was calculated.
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Figure 11. Standard curve of gallic acid, the values represent the means of 3 repetitions £+ SD.
I1. 2. 2. Determination of total flavonoids content

Total flavonoids were determined using colorimetric method according to Bahorun et al.
(1996). A volume of 0.5 mL of different concentrations of sample was mixed with the same
volume of AICI3 2% prepared in methanol. After incubation for 10 min at ambient temperature
and obscurity the absorbance was measured at 430 nm against blank containing the solvent
instead of extract. The concentration of flavonoids was deduce from quercetin standard curve
(figure 12) and the results were expressed as microgram of Quercetin Equivalent per milligram

of extract (ug QE/ mg of extract).
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Figure 12. Standard curve of quercetin, the values represent the means of 3 repetitions + SD.
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I1. 2. 3. Determination of total condensed tannins

The amount of condensed tannins of H. tomentosum Aq.E and Met.E was evaluated
according to the method of Ghedadba et al. (2015). Briefly, 500 pL of extract were mixed with
750 pL of vanillin 4% dissolved in methanol. Then 375 pL of HCI 37% (12M) were added.
The reaction mixture was incubated in water bath at 30°C for 20 min following by measurement
of absorbance at 500 nm. The content of condensed tannin was calculated using equation of
catechin’sstandard curve (figure 13) and the results were expressed as pg of Catechin

Equivalent per mg of extract (ug CE/ mg of extract)
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Figure 13. Standanrd curve of catechin, the values represent the means of 3 repetitions + SD.

I1. 2. 4. Mass spectrometer and chromatography conditions

53 of standards were quantitatively evaluated using a tandem mass spectrometer and an
ultrahigh performance liquid chromatograph (UHPLC) of the Shimad zu-Nexera model. The
autosampler (SIL-30AC model), column oven (CTO-10ASvp model), binary pumps (LC-30CE
model), and degasser (DGU- 20A3R model) were all included in the reversed-phase UHPLC.
To get the best separation for 53 phytochemicals and overcome the suppression effects, the
chromatographic conditions were improved. On reversed phase Agilent Poroshell 120 EC-C18
model analytical column (150 mm 2.1 mm, 2.7 m), the chromatographic separation was carried
out. The column temperature was fixed at 40°C. The elution gradient consisted of mobile eluent
A (water + 5mM ammonium formate+0.1% formic acid) and eluent B (methanol + 5mM
ammonium formate+0.1% formic acid). The following gradient elution profile was used: 20—
100% B (0—25 min), 100% B (25—35 min), 20% B (35—45 min). The solvent flow rate was
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maintained at 0.5 mL/min and injection volume was settled as 5 uL. The working conditions
were determined as interface temperature; 350°C, DL temperature; 250°C, heat block
temperature; 400°C, nebulizing gas flow (Nitrogen); 3 L/min and drying gas flow (Nitrogen);
15 L/min (Yilmaz, 2020).

I1. 3. Antioxidant activity

I1. 3. 1. DPPH'scavenging activity

As described by Bouriche et al. (2017), the DPPH" radical scavenging capacity of Ag.E
and Met.E was assessed. Practically 0.5 mL of different concentrations of each extract were
mixed with 0.5 mL of DPPH" 0.1 mM produced in methanol. The mixture was let to sit in the
dark for 30 minutes. At 517 nm, the absorbance was measured. Trolox (0.5-60 pg/mL) was
employed as the standard, and the following formula was used to compute the percentage of

radical scavenging activity:

DPPH" scavenging activity (%) = (A, ..~ Asample) X 100/A |
A_o- absorbance of the control reaction mixture without test compounds
Asample: absorbance of sample reaction mixture with test compounds

I1. 3. 2. Hydrogen peroxide scavenging activity

The capacity of Ag.E and Met.E to trap the non radicalar reactive specie H>O> was
performed as described by Miller (1985). Briefly, in 96 wells microplate, 20 pL of extracts in
different concentrations were incubated with 100 pL of phosphate buffer saline (PBS) (pH = 5;
0.1 M) and H202 (20 puL; 10 mM) for 5 min at 37°C. After that, 30 uL of ABTS" (30 uL; 1.25
mM) and peroxidase (30 uL; 1 U/mL) were added. The mixture was incubated again for 15 min
at 37°C. In this test, the C vitamin was used as the reference, and the absorbance was measured
at 405 nm using a microplate reader.
I1. 3. 3. Hydroxyl radical scavenging activity

Hydroxyl radical scavenging activity of H. tomentosum Aq.E and Met.E was estimated by
mixing 500 pL of FeSO4 (1.5 mM), 350 uL H20, (6 mM) and 100 pL of extracts with different
concentrations. After 5 min of incubation, 150 pL of sodium salicylate (20 mM) were added
and the reaction medium was incubated again for 1 hour at 37 °C following by reading the
absorbance at 562nm length wave. The vitamin C (20 — 500 pg/mL) was used as standard
(Sharma et al.,2013).
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I1. 3. 4. Reducing power

The reducing power of both extracts was determined by incubation of 200 uL extracts at
different concentrations with 425 pL of PBS (0.2 M, pH= 6.6) and 625 uL of [KzFe (CN)e] 1%
(prepared in PBS) for 20 min at 50°C. After cooling, 625uL of TCA 10% in PBS was added.
625 pL of each mixture was transferred in other tubes which contain 625 pL of distilled water
and 125 pL FeCls 0.1%. The absorbance was measured subsequently at 700 nm against blank
without extracts. BHT (2.5 — 50 pug/mL) was used as standard antioxidant (Bougatef et al.,
2009).

I1. 3. 5. Ferrous ion chelating activity

Ferrous ion chelating activity was evaluated as described by Bouriche et al. (2017). Briefly,
50 pL of FeCl, (0.6 mM) were added to 700 pL of both extracts at various concentrations. After
5 minutes of incubation, the reaction was started by adding 50 pL of ferrozine (5 mM), produced
in 80% methanol. The reaction required another 10 minutes of incubation in the dark in order
to create the complex (Fe (I1)-Ferrozine), which is violet in color and has a high absorbance at
562 nm. The standard chelator utilized was EDTA (1-30 pg/mL). The following equation was
used to determine the chelating activity of aqueous, methanolic extracts:

Chelating activity (%) = (A ) x 100/A

control sample control

A : absorbance of the control
control

A : absorbance of sample
sample

I1. 3. 6. Anti-hemolytic activity

According to the method described by Girard et al. (2006), the anti-hemolytic action of H.
tomentosum extracts was evaluated. Summarily, blood from female mice was collected through a
direct heart puncture using a heparinized syringe, and it was diluted to 2% in physiological buffer
(NaCl 125 mM, sodium phosphate 10 mM, pH 7.4). 120 uL of mice erythrocyte solution (2%) was
pre-incubated in a 96-well plate for 30 min at 37 °C with 60 pL of various doses of Ag.E and Met.E
(5, 10, 25, and 50 pg/ mL) or Trolox (25 and 50 pg/ mL). After adding to each well 120 pL of AAPH
(120 mM) prepared in cold physiological buffer, the mixture was incubated at 37°C. For 4 hours, the
kinetics of hemolysis were observed by measuring turbidity decreases at 630 hm.

Il. 3. 7. p-Carotene bleaching method

The capacity of extracts to prevent discoloration of p-carotene was audited by method
described by Bougatef et al. (2009). 0.5 mg of B-carotene were dissolved in ImL of chloroform,
then 25 pL linoleic acid and 200 mg of tween-40 were added. The chloroform was evaporated

under vacuum at 45°C following by addition of 100 mL of oxygenated distilled water and the
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mixture was vigorously stirred. 2.5 mL of this mixture was transferred in tubes which contain
500 pL of aqueous and methanolic extract (2 mg/ mL) or standard BHT (2 mg/mL). The
absorbance was measured immediately (t=0 min) at 470 nm. Subsequently, the reaction
mixtures were incubated at 50°C. The absorbance was measured every 15 min for 2 hours (until
t=120 min) against a blank that contain linoleic acid, tween-40, oxygenated distilled water and
sample. All samples were assayed in triplicate. The p-carotene bleaching inhibition was
calculated using the following formulation:

o Ag-Aizo
Inhibition (%) = | 1-—— | x100
Aco- Acio
Ao: absorbance of sample at t= Omin. Au20: absorbance of sample at t= 120min.
Aco: absorbance of controle at t= Omin. Aci120: absorbance of controle at t= 120min.

I1. 4. Anti-inflammatory activity

I1. 4. 1. In vitro anti-inflammatory activity

I1. 4. 1. 1. Human neutrophil isolation

The PMNs were freshly isolated before each experience from healthy volunteers not
smokers and didn’t take any remedy according to method described by Bouriche et al. (2016).
Ten milliliters of blood levied in tube of centrifugation which contain lithium heparinate (5 U/
mL) as anticoagulant. First, the red blood cells were separated from other cells by sedimentation
in presence of 2 mL of dextran 10%. After an hour of sedimentation at ambient temperature,
the plasma which enriched by leukocyte was recuperated and transferred in centrifugation tube
of polypropylene following by injection of 2mL of Histopaque®. Then tube was centrifuged at
400 g during 25 min at 4°C. The remaining red blood cells were eliminated by a serial hypotonic
lysis by addition of 1 mL of fresh cold distilled water for 30 sec. Subsequently, 5 mL of fresh
HBSS1 were added. The cellular suspension was centrifuged for 10 min at 400 g at 4°C. The
serial hypotonic lysis was repeated until total elimination of erythrocytes. In the end of the last
centrifugation, neutrophils were suspended in HBSS1 and conserved in ice bath (figure 14).

1. 4. 1. 2. Cell viability

Prior the investigation of the effects of H. tomentosum extracts on neutrophils fonction, the
cytotoxic effect on these cells was tested using trypan blue exclusion test. This test was
performed by incubation of 200 pL of the isolated cells (3x108 cells/ mL) in the presence of 50
ML of different concentrations of aqueous and methanolic extract (25, 50, 100, 200 pug/mL) for
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30 min at 37°C, then 250 pL trypan blue (0.4%) were added and incubated again for 10 min.
the counting was realized using microscope under X40 (Kernouf et al. 2018). The percentage
of cellular viability was determinate according to following equation:
Viability% = (TC-CC) x100/ TC
TC: total cells (viable and not viable cells)
CC: colored cells (not viable cells)
I1. 4. 1. 3. Determination of elastase activity

To investigate the extracts' ability to modulate the immune system, an experiment of
neutrophil elastase activity was performed. According to Bouriche et al. (2016), the elastase
activity was assessed in the supernatant secreted from the cells. Elastase was created by
incubating a suspension of PMNs (5.5 x 108 cells/mL) for 15 minutes at 37°C with fMLP (10®
M) and CB (10° M) as stimuli. 75 pL of the elastase-rich supernatant were distributed in a
microplate well after 400 g of centrifugation at 4°C for 15 minutes. Then, 50 pL of various
concentrations of aqueous and methanolic extract (0.5-50 pg/mL) or HBSS1 (Control) were
added, and the mixture was incubated for 10 min at 37°C. Thereafter, 75 pLof the synthetic
elastase substrate N-MeO-Suc- (Ala).-Pro-Val-p-nitroanilide (5 x 10* M) were added. This
substrate was previously prepared in methyl 2-pyrulidone at a concentration of 5 x 102 M and
then diluted in a HEPES medium (0.1 M; pH 7.4) to get a concentration (5 x 10* M). The
proportion of elastase activity compared to the control, which was assumed to have 100% of

the activity, was used to express the results.
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Figure 14. Steps of neutrophils isolation from human blood.
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I1. 4. 1. 4. Determination of myeloperoxidase activity
11.4. 1. 4. 1. Determination of myeloperoxidase activity using

tetramethylbenzidine as substrate

The effect of extracts on myeloperoxidase (MPO) activity was evaluated according to
method of Wanikiat et al. (2008) which focus on oxidation of 3, 3", 5, 5°-tetramethylbenzidine
(TMB) by MPO in presence of H20.. The production of this enzyme was induced by incubation
of neutrophils (5,5x10° cellssmL) in HBSS2 at 37°C for 15 min in presence of
fMLP/cytochalasin B (10 M/10° M) following by centrifugation at 400 g at 4°C for 15 min.
In microplate well, 20 pL of supernatant were incubated with 30 pL of extracts or HBSS2 for
10 min at 37°C.Then, 25 pL of substrate (1.6 mM in DMSQO) and 100 pL of H20. (0.003%
prepared in PBS (50 mM, pH 5,4, 0,05% hexadecyltrimethylammonium bromide). The
microplate was incubated again for 5 min and the reaction was stopped by addition of 50 pL of
sulfuric acid (2 N). The absorbance was determined using microplate reader at 450 nm.
Enzymatic activity was expressed on percentage compared with control which represent 100%
activity.
11.4. 1. 4. 2. Determination of myeloperoxidase activity using o-dianizidine

as substrate

MPO was released by incubation of neutrophils (4x108 cells/mL) in HBSS2 at 37°C for 15
min in presence of fMLP/Cytochalasin B (10 M/10° M) following by centrifugation at 400 g
at 4°C for 15 min. The effect of both extracts on MPO activity was evaluated by incubation of
25 pL of supernatant enriched by this enzyme in the presence of different concentrations of
Ag.E and Met.E (25 pL) for 15 min followed by addition of 25 uL o-dianizidine (4 mg/mL)
and 25 pL of H20, (0.003% prepared in HBSS2). The microplate was incubated for 15 min
at 37°C, the absorbance was measured at 450 nm using microplate reader (Boussif et al., 2016).
I1. 4. 1. 5. Phagocytosis test

500 pL of PMNs (10° cells/ mL) were incubated with 50 pL of both extracts at different
concentrations (5, 10, 25, pg/mL) at 37°C for 10 min. Then, 500 pL of C. albicans (10° cells/
mL) to obtained a ration 1:1 (yeast/ neutrophils), and 50 pL of serum, to serve as opsonize,
were added. After incubation under agitation at 37°C during 50 min, 2 mL of methylene blue
(0.001%) were added and the mixture were incubated again for 10 min following by
centrifugation at 400 g for 10 min. The two third (2/3) of supernatant were eliminated and the

remains of supernatant was homogenized and 20 pL of this homogenate were deposited on
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Thoma cell to count the number of yeasts ingested by neutrophils under X40 of optic
microscope. The results were expressed as percentage of phagocytosis where the control
represent 100% phagocytosis activity (Ortega et al., 1993).
I1. 4. 1. 6. Anti-bactericidal activity

The ability of extract to inhibit the bactericidal activity of neutrophils was tested with
specie of Escherichia Coli and for that PMNs (5x10° cells/mL) were incubated with extracts, at
different concentrations (5, 10 and 25 pg/mL) or HBSS1 for control at 37°C. After 15 min of
incubation, the mixture was centrifuged and the supernatant was eliminated and the cells were
washed by 1 mL of PBS (50 mM, 125 mM NaCl, pH=7.4). Then the neutrophils were incubated
again with living and opsonized E. coli (5x 10* cells/ mL) and were stimulated with fMLP (1
M) for 25 min under agitation at 37°C. After 25 min, the mixture was conserved directlyin the
ice bath and the lysis of neutrophils was affected by Triton X100 for 10 min at ambient
temperature to liberate phagocytic and not lysed bacteria. To count the survival E.coli, 15 pL
of mixture were plated on nutritive agar and conserved overnight at 37°C to get colonies

(Boussif et al., 2016). The results were expressed as number of colonies.
I1. 4. 2. In vivo anti-inflammatory activity
I1. 4. 2. 1. Toxicity test

Before any investigation of plant’s effect on mice, a toxicity test must be done to determine
the no toxic dose according to organization for economic co-operation and development
(OECD) guidelines 420 (OECD, 2001), for that the mice were subdivided after fasting
overnight, on 3 groups: group 1 received orally distilled water, group 2 and 3: received orally
2 g/kg of aqueous and methanolic extracts dissolved in distilled water, respectively. The mice
were monitored for mortality and general behavior (agitation, diarrhea, asthenia, appetite and
convulsion) for a period of 14 days. In the case of survival of mice, same test was repeated but
with dose of 5 g/Kg of aqueous and methanolic extracts.

I1. 4. 2. 2. Croton oil induced ear edema assay

To evaluate the in vivo anti-inflammatory activity of H. tomentosum, a cutaneous
inflammation in the ear was induced by application of 15 uL of acetone- water (1:1) containing
80 ug of croton oil in the inner surface of each mouse’s right ear. The extracts 2 mg/ear and
indomethacin 0.5 mg/ear were dissolved in the mixture. The thickness of mice’s ear was
measured by dial caliper before and after 6 hours of application. The edema was expressed as
increased ear thickness due to croton oil treatment (Manga et al., 2004). The percentage of
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inhibition of edema was defined compared with control group (which received only croton oil
in the mixture acetone-water) using the formulation below:

Inhibition (%) = (A control — A treated) x100/A control

A control : the difference of control group’s ear thickness after and before edema

A treated : the difference of treated group’s ear thickness after and before edema
I1. 4. 2. 3. Carrageenan-induced paw edema assay

Carrageenan-induced edema assay was conducted on overnight fasting mice according to
Mohammedi et al. (2018) and Amroun et al. (2021). Mice were divided into seven groups of
five animals each as followed:
Group 1 and group 2: considered as a negative and positive control, respectively and received
distilled water, group 3: was considered as standard group and received indomethacin 20 mg/kg,
group 4, 5, 6 and 7 represented the testing groups and received the Ag.E and Met.E at doses of
200 mg/Kg and 400 mg/kg for each extract, respectively. 30 min after the oral administration
of the substances or distilled water, the edema was induced into the sub-plantar tissue of the
right paw by injection of 0.025 mL of carrageenan suspension (1% of carrageenan in normal
saline) in all groups excluding negative control which was injected by normal saline. The paw
thickness was measured using a dial caliper, before the induction of the edema, and every hour
during the four following hours. After this time, all the treated animals were sacrificed and the
hind paws were amputated and weighed.
I1. 4. 2. 4. Air pouch assay

The air pouch was induced by the subcutaneous injection of 3 mL of sterile air on the
dorsum. The pouches were re-inflated by injection of 1,5 mL sterile air on day 3 and day 6. On
7" day, the mice received in the pouches 1 mg/mL of Ag.E and Met.E or 0.1 mg/mL of
indomethacin. However, the control group was received 1 mL of sterile saline and then 0.1 mL
of carrageenan (1%) were onjected into the pouch after 1 hour of treatment with test agents.
The mice were sacrificed by cervical dislocation after 4 hours of treatment and 1 mL of saline
was injected in the pouches which were opened after light message to collect the exudates.
Leukocytes were counted using optic microscope under objective X 40 after dilution (1:10)
with Tirk’s solution (Kernouf et al., 2018). The percentage of inhibition of migration’s
neutrophils was calculated as following formula:
Inhibition (%) = (humber of PMNs in positive control — number of neutrophils of tested

group) x 100/ number of PMNSs in positive control.
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II. 4. 2. 5. Analgesic test

The analgesic effect vis a vis pain caused by acetic acid on mice of both extracts was
evaluated as described by Epa et al. (2018). Practically, the mice were subdivided into six
groups after fasting overnight.

Group 1 (control): orally received distilled water.

Group 2: orally received 100 mg/kg of aspirin

Group 3 and 4: orally received 200 mg/kg and 400 mg/kg of Aq.E respectively.

Group 5 and 6: orally received 200 mg/kg and 400 mg/kg of Met.E, respectively.

After 1h of treatment, the mice were injected intraperitoneal by acetic acid 0.6% prepared in
sterile saline and the number of abdominal cramp or contortion was counted for 25 min. The
percentage of inhibition of pain was calculated as following formula:

Inhibition (%) = (Ac-At) x 100/Ac

Ac: average of contortion’s number in control group

At: average of contortion’s number in treated group
I11. Statistical analysis

Results obtained are expressed as means + SD (standard deviation) where experiments
were performed in triplicate. Or as means £ SEM (standard error means). The analysis of
variance was performed by one-way ANOVA analysis and then the Tukey test for multiple
comparisons was performed using GraphPad Prism 8 software. The difference was considered
significant for p<0.05. The ICso (Concentration corresponding to 50 % of inhibition), ECso (The
concentration corresponding to 50 % of effectiveness) and HTso (half hemolysis time) were

calculated from plot of linear regression.
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Results and discussion

I. Extraction and phytochemical analysis

I. 1. Yield of extraction

Extraction is a very important step for molecules’ isolation and identification. The use of
leave’s powders allows to make the sample more homogeneous, increase the surface of contact
with solvent and render its penetration inside vegetal cells easy (Seidel, 2012; Jovanovic et al.,
2017).

In this study, two methods of extractions were used: decoction and maceration. The
decoction allows to extract preferentially polar compounds and some ostensibly hydrophobic
compounds because the polarity of water decreases at high temperature (Jones and Kinghorn,
2005). Additionally, water at high temperature induce cells perturbation by facilitate solvent’s
penetration and molecule’s solubilization (Albano and Miguel, 2011). However, the heat brings
about degradation of thermos-labile molecules, which explain the progress of decoction in short
duration (Ng et al., 2020).

The maceration is a very simple extraction method, which could be used for extraction of
thermo-labile components (Zhang et al., 2018). To extract as many chemicals as possible, an
aqueous alcoholic mixture was used. This is based on the fact that alcohol-based solvents can
make cell walls more permeable, allowing for the effective extraction of significant amounts of
polar and medium- to low-polarity contents (Seidel, 2006). The maceration was affected under
agitation in the goal of accelerate the process of extraction and minimize the time of contact
between solvent and extract. In addition, the progress of maceration at ambient temperature and
the elimination of methanol under vacuum allows to obtain maximum of molecules and prevent
their degradation or denaturation (Ng et al., 2020). The goals of second maceration are extract
the maximum molecules and assure an exhaustive extraction.

The maceration of H. tomentosum in aqueous-methanolic solvent give a paste extract with
red dark color and high yield 27.34%. However, the decoction in distilled water gives a powder
extract with light red color and yield of 21.06% (table 2). According to study of Briskin and
Gawienowski (2001) and study of Zobayed et al. (2006) the red color of the extracts caused by
richness of this plant by hypercin groups which present primarily on the margins of leaves and

flower petals of this genus. The difference in yields between hydro-methanolic and aqueous
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extract may contribute to many factors such as the type of solvent, temperature, time and pH
(Azahar et al., 2017).

Table 2. Aspects, colors and yields of extracts.

Extract Aspect Color Yield
Hydro- methanolic paste dark red 27.34%
Aqueous powder light red 21.06%

I. 2. Phytochemical analysis

I. 2. 1. Total polyphenols, flavonoids and condensed tannins

In this study, the dosage of polyphenols, flavonoids and condensed tannins was performed,
because the majority of pharmacological effects of medicinal plants are attributed for these
compounds (Ghedadba et al., 2015; Jomova et al., 2017; Farahmandfar et al., 2019).

The dosage of polyphenols using folin-ciocalteu reagent’s shows that aqueous and
methanolic extracts contain 303.10 £ 5,14 and 409.67 + 15.06 pug GAE/ mg of dried extract,
respectively. Another study carried-out by Makarova et al. (2021) shows that content on
polyphenol of Hypericum perforatum flower’s ethanolic extract was 371 mg GAE/g of extract.
This result is close to the obtained results. Flavonoids, major class of polyphenol, were
determined by aluminum chloride. The result shows that total flavonoid of aqueous and
methanolic extract arrive until 53.56 £ 1.74 and 74.02 £ 0.57 pg QE/mg dried extract,
respectively. Thus, these results show the richness of both methanolic and aqueous extract on
polyphenols and flavonoids compuonds. However, H. tomentosum methanolic extract is richer
than aqueous extract, these results can be explained by ability of methanol to increase the
membrane permeability and extract polar, medium polar and low-polarity molecules (Seidel,
2006).

In vanillin assay, condensation of flavonols with vanillin in acidic medium leads to the
formation of colored carbonium ions (Dai and Mumper, 2010). The monomeric flavanol
catechin is frequently used as a standard. The amount of condensed tannins, revealed by
vanillin, is 117.29 £ 5.06 and 163.7 £ 8.97 ug CE/mg of extract in aqueous and methanolic
extract, respectively (table 3), the Ag.E has a low amount of condensed tannin compared with
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Met.E. Indeed, the condensed tannins with high molecular weight are insoluble in aqueous
phase (Cheynier, 2005).

Table 3. Total polyphenols, flavonoids and condensed tannins present in Agq.E and Met.E of

leaves of H.tomentosum.

Polyphenols Flavonoids Condensed tannins

(MOGAE/mg)  (MgQE/mQ) (MgCE/mg)
Aq.E 303.10 +5.14 53.56 +1.74 117.29 £ 5.06
Met.E 409.67 + 15.06 74.02 £ 0.57 163.7 + 8.97

I. 2. 2. The LC-MS/MS analysis of H.tomentosum extracts

The phenolic identification and quantification of H. tomentosum Ag.E and Met.E were
determined using liquid chromatography coupled with mass spectrometry (LC- MS/MS). This
method allowed to identify ten acids, fourteen flavonoids, one biflavonoid and two phenyl
aldehydes. Retention periods and m/z values were compared to mass spectra of commercial

standards evaluated under similar circumstances (table 4).

The quinic acid was the most abundant acid present in both extracts its amounts in aqueous
extract were richer than methanolic extract. Furthermore, chlorogenic acid was the second most

prevalent acid compound after quinic acid with almost same concentration in Ag.E and Met.E.

Flavonoids are the most abundant polyphenols in diet, they can be divided into flavonols,
flavones, isoflavones, flavanones, anthocyanidins and flavanols (Olivares-Vicente et al.,
2018).They are one of the main chemical classes already identified in Hypericum species
(Ramalhete et al., 2016; Asan, 2021). Quercitrin presents with great amount in Ag.E and Met.E
(281.86 mg/g of extract, 316.822 mg/g of extract, respectively). This high amount of quercitrin
in both extracts makes them a natural source of this glycoside flavonoid. Flavan3-ol groups
were identified in this study, the results show that the extracts are rich by epicatechin, its amount
arrive until 169.28 mg/g of Aq.E and 154.99 mg/g of Met.E.
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Table 4. Phenolic compounds in Ag.E and Met.E determined by LC-MS-MS.

Quantitative Results (mg
No | Analytes RTe (|\r/|n /Ié)b (|: r}:}z)c analyte/g extract)

Ag.E Met.E

1| Quinic acid 3.0 |190.8 93.0 64.13 47.736
2 | Fumaric aid 3.9 |115.2 40.9 2.305 1.183
3| Aconitic acid 40 (1728 129.0 N.D. N.D.
4| Gallic acid 44 |168.8 79.0 0.103 0.074
5| Epigallocatechin 6.7 |304.8| 219.0 N.D. N.D.
6 | Protocatechuic acid 6.8 |152.8| 108.0 0.931 0.847
7| Catechin 7.4 |288.8| 203.1 0.945 0.322
8| Gentisic acid 8.3 [152.8| 109.0 N.D. N.D.
9| Chlorogenic acid 8.4 |353.0 85.0 41.244 42.068
10 | Protocatechuic aldehyde | 8.5 | 137.2 92.0 0.04 0.018
11 | Tannic acid 9.2 1828 78.0 N.D. N.D.
12 | Epigallocatechin gallate | 9.4 |457.0| 305.1 N.D. N.D.
13 | 4-OH Benzoic acid 105 | 137,2 65.0 N.D. N.D.
14| Epicatechin 11.6 | 289.0| 203.0 169.28 154.99
15| Vanilic acid 11.8 |166.8| 108.0 N.D. N.D.
16 | Caffeic acid 12.1 [179.0] 134.0 0.135 0.082
17 | Syringic acid 12.6 |196.8| 166.9 N.D. N.D.
18| Vanillin 139 |153.1| 1250 0.029 N.D.
19| Syringic aldehyde 146 |181.0| 1511 N.D. N.D.
20 | Daidzin 152 [417.1] 199.0 N.D. N.D.
21 | Epicatechin gallate 155 |441.0| 289.0 N.D. N.D.
22 | Piceid 17.2 |391.0 |135/106.9 N.D. N.D.
23 | p-Coumaric acid 17.8 | 163.0 93.0 0.044 0.052
24 | Ferulic acid-D3-1S" 18.8 [196.2| 1521 N.A. N.A.
25 | Ferulic acid 18.8 [192.8| 149.0 N.D. N.D.
27 | Sinapic acid 189 [2228| 193.0 0.393 0.619
28 | Coumarin 209 |146.9| 103.1 N.D. N.D.

3R.T: retention time, °M1 (m/z): molecular ions of the standard analytes (m/z ratio), °FI (m/z):

fragment ions, N.D.: not detected, N.A: not applicable.
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Table 4. Phenolic compounds in Ag.E and Met.E determined by LC-MS-MS. (Continued)

MLI Quantitative Results (mg
No |Analytes RT? (m/-zjb F.1. (m/z2)° analyte/g extract)
Aqg.E Met.E
29 | Salicylic acid 21.8 | 137.2 65.0 0.016 0.011
30| Cynaroside 23.7 | 447.0 284.0 1.251 1.37
31 | Miquelianin 24.1 | 477.0 150.9 N.D. N.D.
32 |Rutin-D3-IS" 25.5 | 612.2 304.1 N.A. N.A.
33| Rutin 25.6 | 608.9 301.0 N.D. N.D.
34 | isoquercitrin 25.6 | 463.0 271.0 7.098 10.326
35 | Hesperidin 25.8 | 611.2 449.0 N.D. N.D.
36 | 0-Coumaric acid 26.1 | 162.8 93.0 N.D. N.D.
37 | Genistin 26.3 | 431.0 239.0 N.D. N.D.
38 | Rosmarinic acid 26.6 | 359.0 197.0 0.125 0.155
39 | Ellagic acid 27.6 | 301.0 284.0 N.D. N.D.
40| Cosmosiin 28.2 | 431.0 269.0 N.D. N.D.
41 | Quercitrin 29.8 | 447.0 301.0 281.86 316.822
42 | Astragalin 30.4 | 4470 255.0 0.536 0.873
43 | Nicotiflorin 30.6 | 592.9 | 255.0/284.0 N.D. N.D.
44 | Fisetin 30.6 | 285.0 163.0 N.D. N.D.
45 | Daidzein 34.0 | 253.0 223.0 N.D. N.D.
46 | Quercetin-D3-1S" | 35.6 | 304.0 275.9 N.A. N.A.
47 | Quercetin 35.7 | 301.0 272.9 2.207 1.017
48 | Naringenin 35.9 | 270.9 119.0 0.026 0.017
49 | Hesperetin 36.7 | 301.0 |136.0/286.0 0.153 0.064
50 | Luteolin 36.7 | 284.8 |151.0/175.0 0.125 0.16
51 | Genistein 36.9 | 269.0 135.0 N.D. N.D.
52 | Kaempferol 37.9 | 285.0 239.0 0.091 0.034
53 | Apigenin 38.2 | 268.8 | 151.0/149.0 0.032 0.021
54 | Amentoflavone 39.7 | 537.0 417.0 0.007 0.038
55 | Chrysin 40.5 | 252.8 | 145.0/119.0 N.D. 0.002
56 | Acacetin 40.7 | 283.0 239.0 0.011 0.061

3R.T: retention time, °"MI (m/z): molecular ions of the standard analytes (m/z ratio), °FI (m/z):

fragment ions, N.D.: not detected, N.A: not applicable.
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Amentoflavone, a biflavonoid, was also detected. When it comes to phenol aldehydes,
protocatechuic aldehyde was presented with lower amount while traces of vanillin were found
only in Ag.E but not in Met.E (figure 15).

When comparing the molecules identified in this plant in the current study with literature
it was found that luteolin, quercetin, quercitrin and chlorogenic acid were previously identified
in H.tomentosum (Bouratoua et al., 2016) while quinic acid, fumaric acid, protocatechuic acid,
gallic acid, caffeic acid, p-coumaric acid, sinapic acid, salicylic acid, rosmarinic acid,
epicatechin, catechin, isoquercitrin, naringenin, hesperitin, cyranoside, astragalin, kaempferol,
apigenin, acacetin, chrysin, amentoflavone, protocatechuic aldehyde and vanillin  were

identified and quantified for the first time in plant extracts.
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Figure 15. LC-MS-MS chromatograms of phenolic compounds in H. tomentosum aqueous

extract (A) and methanolic extract (B).
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I1. Antioxidant activity

I1. 1. DPPH’ scavenging activity

DPPH" assay is based on the measurement of the scavenging ability of antioxidants towards
the stable radical DPPH". This technique is frequently used to assess the capacity of sample to
scavenge free radicals. It is a stable nitrogen-centered free radical, and when reduced by
hydrogen or an electron donation, its color changes from violet to yellow. Substances which
are able to perform this reaction can be considered as antioxidants and therefore radical
scavengers (Fathi and Ebrahimzadeh, 2013). In this study, both Ag.E and Met.E exerted a
potent DPPH" scavenging (figure 16). Only 15 pug/mL of Met.E can scavenge up to 90% of
DPPH" radical with ICso = 5.85 £ 0.76 pg/mL. This activity is close to activity of Trolox,
standard used in this test, which exerted a powerful scavenging activity with 1Cso value of 4.19
+ 0.62 pg/mL. The Ag.E extract also exerted anti-radicalar activity with 1Cso= 9.328 + 0.97
pg/mL, this results is in accordance with results obtained by Bouratoua et al. (2016) who
reported that H. tomentosum aerial part’s butanolic extract shows a potent DPPH’ scavenging
with 1Cso = 14 pg/mL. The abundance of flavonoids in this plant, which are largely in charge
of radical scavenging either by electron or hydrogen donation, helps to explain its powerful
scavenging activity (Zhang and Tsao, 2016).

II. 2. Reducing power

The antioxidant activities of natural components may have a reciprocal correlation with
their reducing powers. The reducing power assay is frequently used to assess the natural
antioxidant's capacity to give an electron (Ameni et al., 2015). In this assay, the presence of
antioxidants in the samples would result in the reducing of Fe** to Fe?* by donating an electron.
The amount of Fe?* complex can be then be monitored by measuring the formation of Perl's
Prussian blue at 700 nm. In this wavelength, increasing absorbance indicates an increase in
reductive ability (Fathi and Ebrahimzadeh, 2013). Figure 16 shows the dose-response curves
for the reducing power of Ag.E, Met.E and BHT. Reducing power of samples increased
significantly (p<0.05) with the increase of its concentrations. H. tomentosum aqueous and
methanolic extracts exercise a powerful reducing ability with ECso value of 21.93 £ 0.01 pg/mL
and 17.39 £ 0.02 pg/mL, respectively, these values are closely of ECso of BHT (14.26 + 0.02
pg/mL), a reference’s antioxidant. The reductive capability is explained by the richness of both
extracts by polyphenols and flavonoids. Indeed, study carried by Rebaya and Belghith (2016)
highlighted a relationship between content of extract by polyphenols and flavonoids and its
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reductive ability, this correlation study explain the more powerful reducing ability of Met.E
than Aq.E.

I1. 3. Hydrogen peroxide scavenging activity

One of the important ROS that easily penetrates biological membranes is hydrogen
peroxide. Due to the possibility of subsequent conversion into other ROS such the hydroxyl
radical, it can be harmful to the cells ( Muthu et al., 2014). Figure 16 demonstrates that both
Ag.E and Met.E of H. tomentosum exerted a considerable (p<0.05) and dose dependent
hydrogen peroxide scavenging activity with ICso value of 3.13 + 0.49 pg/mL and 2.07 = 0.32
pg/mL, respectively. This activity is close to that obtained by standard ascorbic acid (ICs0=1.23
+ 0.09 pg/mL). The potential scavenging activity is distributed to the hydroxyl groups in the
aromatic ring of the phenolic components which can act as proton donor thus it neutralizes the
ROS (Farahmandfar et al., 2019). It donates the hydrogen to the hydrogen peroxide and cleaves
it into water molecules (Prahadeesh et al., 2018). Additionally, quercitrin, a significant
flavonoid included in both extracts, was also revealed to have substantial H2O2 scavenging

action (Ginting et al., 2020).
I1. 4. Hydroxyl radical scavenging activity

Among the reactive oxygen species, hydroxyl radical is the most reactive and predominant
radical generated endogenously during aerobic metabolism to initiate cell damage in vivo (Kim
et al., 2011). It induces large aggression to human health due to its ultra-high reactivity with
almost all type of biomolecules including amino acids, sugars and lipids (Engwa, 2018).1t can
damage the bases of DNA and mediate redox alteration of cell membrane (Ren et al., 2019;
Wang et al., 2019). In this study, the hydroxyl radical scavenging capacity was evaluated using
the Fenton reaction. From figure 16, it conclude that Aq.E and Met.E exhibited concentration-
dependent inhibition on hydroxyl radical with 1Csg values of 338.8 + 2.530 pug/mL and 377.6 +
2.57 pug/mL, respectively. On the other hand, ascorbic acid that is used as standard showed a
powerful hydroxyl radical scavenging activity with 1Cso = 290.4 £ 2.4 ug/mL. There is no
significant difference between the scavenging activity of both extracts and the activity of
ascorbic acid. This potent action of extracts is attributed to flavonoids which are probably the
most important natural phenolic compounds and this property of radical scavenging plays a
protective role in diseases (Jomova et al., 2017).

Other plant in same genus as Hypericum androsaemum and Hypericum lydium showed a

same hydroxyl radical scavenging activity (Valentdo et al., 2002; Serbetgi et al., 2012).
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Figure 16. Antioxidant activity of Ag.E and Met.E of H.tomentosum. (A) DPPH" scavenging

activity; (B) reducing power; (C) H2O> scavenging activity; (D) OH" scavenging activity. Data

represent means + SD (n=3).
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I1. 5. Anti-hemolytic activity

Erythrocytes are perfect targets for ROS due to the high membrane concentration of
polyunsaturated fatty acids, oxidative hemolysis in erythrocyte membranes makes for an
excellent model to study antioxidant activity (Garca-Becerra et al., 2016; Goncalves et al.,
2017). The basic idea behind this test is to subject erythrocytes to a thermo-controlled free
radical aggression, since the breakdown of AAPH results in the formation of molecular nitrogen
and alkyl radicals. These later react with molecular oxygen to produce peroxyl radicals, which
primarily attack the membranes of erythrocytes and infiltrate the cells to cause hemolysis
(Elizondo-Luévano et al., 2021). This hemolysis was followed continuously at 630 nm to verify

changes in the turbidity of erythrocytes.

Figure 17 shows that erythrocytes cultured without addition of AAPH were very stable
with limited hemolysis observed for up to 4 hours, and when they were cultured with AAPH
the thermal free radical resulting attack the membrane and cause hemolysis in 2 hours. The
presence of Aq.E and Met.E delays erythrocytes’ hemolysis in dose dependent manner leading
to resistance of red blood cells to radicalar attack. Effectively, the values of half- time hemolysis
(HTs0), which corresponds to the necessary time to the hemolysis of half initial erythrocytes,
reveal significantly (p<0.001) extension of hemolysis time compared with control (table 5).
The Aqg.E and Met.E at concentration of 50 pg/mL exhibited a best antihemolytic activity with
HTso of 232.75 £ 4.39 min and 218.87 + 3.52 min, respectively. These values are close to HTsg
of Trolox (235.35 + 3.33 min) at the same concentration.

The effectiveness of H.tomentosum to prevent erythrocytes against hemolysis could be
attributed to its high flavonoids contents which enhance erythrocytes' resistance against free
radical species, mainly by their capacity to capture them, by donating electrons and quenching
radicals formed in the aqueous phase before they can damage the erythrocytes' membrane
(Goncgalves et al., 2017). Indeed, epicatechin, which present with high amount in both extracts
exerted a potent antihemolytic activity (Xu et al., 2021). It is able to prolong the time of
hemolysis to spread out in the core of the bilayer, but might also interact with its external part.
It stabilize the membrane through a decrease in lipid fluidity, blocking the access of the ROO*

to the interior of erythrocytes membranes (Grzesik et al., 2018).

This results are agree with results of Eslami et al. (2011), who reported that Hypericum
scabrum, member of the same family of this plant, inhibited hemolysis of erythrocytes rat

induced by radicalar attack.

47



Results and discussion

Table 5. The protective effect of Ag.E, Met.E and Trolox against AAPH induced hemolysis of

mice erythrocytes. Each value are mean = SD (n=3).***p<0.001 vs control.

sample Half-time hemolysis (min)

5 pug/mL 10 pg/mL 25 pg/mL 50 pg/mL
control 106.53 £1.21
Aq.E 132.6 +3.23™ 142.22 £ 1.46™" |167.16 +1.19™" |232.75+4.39""
Met.E 134.3 £ 4.48™ 147.43 £ 353" |164.65+353"" [218.87+353""
Trolox - - 185.88 + 11.57"" |235.35+3.33""

I1. 6. Inhibition of B-carotene bleaching

One quite popular method to monitor oxidation, is the p-carotene bleaching assay. It is
based on the disappearance of the typical yellow color of (3 -carotene when it is co-oxidized
with linoleic acid in an emulsion (Amorati and Valgimigli, 2018). The figure 18 shows that in
the presence of Ag.E or BHT the absorbance at 470 nm almost stains stable all the time of
incubation, since they exerted a potent -carotene bleaching inhibition (89.45 + 3.3% and 77.48
+ 1.88% of inhibition in the presence of BHT and Ag.E, respectively), compared with Met.E
which exerted less inhibition effect (29.43 + 0.86% of inhibition).

The capacity of extracts to prevent or delay p-carotene bleaching could be explained by
the competitively reaction of antioxidant present in both extracts with peroxyl radical generated
from oxidation of linoleic acid in the presence of ROS and O (Xiao et al., 2020) and/or
neutralize the ROS in the system (Amraoui et al., 2022).

These results indicate a no corrtelation between antioxidant activity and the amount of
polyphenols and flavonoids. Likely, the inhibition of 3-carotene bleaching by extracts is due to
other compounds as terpenes, which present with high amount in this plant (Rouis et al., 2012).
Indeed, several investigations revealed the in vitro antioxidant activity of monoterpenes (o-

terpinene) and diterpenes (phytol) (Bonesi et al., 2011).
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Figure 17. Changes in turbidity of erythrocytes samples during 4 hours of incubation in

presence or absence of Ag.E (A), Met.E (B) and Trolox (C). Values are means + SD (n = 3).
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Figure 18. Inhibition of B-carotene bleaching in the presence of Ag.E and Met.E of H.
tomentosum. Data are expressed as mean = SD (n=3).
II. 7. Ferrous ion chelating activity

Among preventive antioxidants, metal chelating chemicals may be the most prevalent.
They work by chelating transition metal ions with high affinity in order to prevent the Fenton
reaction, which reduces the thermodynamic advantages of recycling transition metal ions by
reducing agents and damages their catalytic redox cycle (Amorati and Valgimigli, 2018). The
results show that Ag.E and Met.E inhibit the formation of Fe?* - ferrozine complex in a dose
dependent manner (figure 19) with 1Cso of 1.3 £+ 0.35 mg/mL and 1.68 = 0.05 mg/mL,
respectively. Therefore, both extracts were statistically less potent ferrous ion chelating activity
(p<0.001) than EDTA (IC50=0.0078 + 0.00004 mg/mL).The same weak chelating activity was
obtained with H. perforatum (Fathi and Ebrahimzadeh, 2013). The low activity of Ag.E and
Met.E may be explained by the poverty of extracts’ molecules to suitable groups that could
chelate the cations. Effectively, the capacity of phenolic compounds to chelate metal ions
depends on the availability of properly oriented functional groups. Although sample have a high
content of polyphenols might be not chelate metal if the polyphenols present did not have
suitable groups that could chelate the cations (Wong et al., 2006). Indeed, Li et al. (2016)
reported that quercitrin, which presents with high amount in Ag.E and Met.E, has only a planar
Fe-binding interaction between the 4- and 5-positions with no similar steric chelation

interaction.
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According to Khokhar and Owusu Apenten (2003), two mechanisms are commonly
proposed to explain the antioxidant role of phenolic compounds; these are metal chelation and/
or free radical scavenging. From these results it’s conclude that antioxidant activity of phenolic
components from H.tomentosum is due their free radical scavenging capacity rather than metal

chelating activity.
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Figure 19. Ferrous ion chelating activity of EDTA (A) and H. tomentosum extracts’ (B). The

results are expressed as means = SD (n=3).

II1. The anti-inflammatory activity

II1. 1. In vitro anti-inflammatory activity

I1I. 1. 1. Cytotoxicity of extracts on neutrophils

To ensure that plant extracts may be used safely, their acute toxicity must be evaluated on
neutrophils. According to an experiment based on trypan blue exclusion, dead cells ingest the
dye and turn blue as a result of ruptured plasma membranes. (Kernouf et al., 2018).

Results show that neutrophils exposed to Met.E and Ag.E (25-200 pg/mL) for 30 min did
not cause a significant reduction in cellular viability compared to the response of the untreated
group (control) (figure 20).

This finding is supported by Schepetkin et al. (2020), who found that H. perforatum

essential oil didn’t effect humaun neutrophils cell viability during 30 min of incubation.
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Figure 20. Neutrophils viability in the presence of Ag.E and Met.E. Data are shown as mean +
SEM (n=3).
IIL. 1. 2. The effect of H. tomentosum on elastase activity

Elastase is a serine protease belonging to the chymotrypsine family, it is deposited as active
enzyme within azurophile granule of PMNs.The imbalance between elastase activity and its
endogenous inhibitors can cause different illnesses due to its excessive activity and broad
substrate specificity (Marinaccio et al., 2022). Elastase can cause tissue damage and
inflammation by breaking down extracellular matrix proteins like elastin, fibronectin and
proteoglycans (Vidhya et al., 2022).

Elastase released from human neutrophils was incubated with both extracts of this plant in
the presence of substrate to assess the anti-inflammatory activity of H. tomentosum.

Both Ag.E and Met.E inhibited significantly (p<0.05) elastase activity and in dose
dependent manner. The levels of inhibition at 50 ug/mL of Ag.E and Met.E were 81.67% and
85.59%, respectively (figure 21). The calculated ICso of Ag.E and Met.E was 18.08 £ 1.25
pMg/ mL and 14.32 + 1.15 pg/ mL, respectively.

According to Piwowarski et al. (2011) the condensed tannins inhibit catalytic power of
elastase by their properties to precipitate this enzyme. Hence, the ability to inhibit elastase is in
correlation with the amount of condensed tannins present in the plant. The total condensed
tannins in Ag.E and Met.E was117.29 and 163.7 pg CE/mg of extract, respectively, these
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amounts of condensed tannin can clarify why Met.E is powerful than Ag.E in inhibition of
elastase.

In the other hand, and According to Kwon et al. (2019) and Jakimiuk et al. (2021), phenolic
chemicals including epicatechin, quercetin, quercitrin, and isoquercetrin, may be responsible
for the inhibition of elastase activity. These molecules were in abundance in both Aq.E and
Met.E.

Another research of Chiocchio et al. (2018) has shown that aerial parts of hypericum genus

like Hypericum perforatum, Hypericum hircinum and Hypericum scruglii inhibit porcine
pancreatic elastase.
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Figure 21. Effect of Ag.E and Met.E on elastase activity. The values are expressed as means
+ SEM (n=3).

III. 1. 3. The effect of H. tomentosum on MPO activity

MPO is the most abundant protein in the primary granules of human neutrophils. It
produces hypochlous acid, a strong oxidant compound, from hydrogen peroxide and chloride
anions. MPO activity plays an important roles in host defense against the invasion of
microorganism or other pathogens by fusion of granule containing this enzyme with phagocytic
vesicle (Prokopowicz et al., 2012; Buchan et al., 2019). In contrast, this enzyme products
modify biomolecules in hosts during excess inflammation, indicating that the action of MPO is
both beneficial and harmful (Kato, 2016).

According to Tsumbu et al. (2012), the inhibition of neutrophils oxidant response as
liberation of hypochlous acid by MPO becomes a therapeutic challenge to control or modulate

an excessive inflammatory response.
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The effects of extracts on MPO were evaluated by measurement the inhibition of coloration
resulting after whether oxidation of TMB or oxidation of o-dianizidine by MPO. This later was
obtained after induction of human PMNs degranulation by fMLP and CB. Figure 22 shows that
the pre-incubation of Ag.E and Met.E with MPO decreases significantly (p<0.05) its activity in
presence of TMB as substrate and figure 23 shows also that both extracts inhibit MPO activity
in the presence of o-dianizidine as another substrate. From these findings, It can be assumed
that some H. tomentosum molecules excreted a competitive inhibition with TMB for its active
site and that other molecules acted as a competitive inhibition with o-dianizidine for its active
site, but it is possible to speculate that there was no competition between inhibitory molecules

of H. tomentosum and enzyme substrates

The scavenger effects of extracts on ROS may be used to explain the decrease in MPO
activity in the presence of both extracts using two distinct substrates. Indeed, it has been
previously shown in antioxidant activity that both extracts have a strong hydrogen peroxide
scavenging effect, which is crucial for MPO activity.

Several substances from this plant, including quercetin, gallic acid and catechin, have been
shown to have strong inhibitory effects on myeloperoxidase activity (Lopes Neto et al., 2020;
Calassara et al., 2021). Additionally, Tarasiuk et al. (2021) showed that chlogenic acid
significantly decreased MPO activity in murine pancreas.

The values of ICsq, represented in table 6, show that Met.E is the potent inhibitor of MPO
activity more than Aqg.E due to the richness of Met.E by phenolic compounds. In fact, Boufadi
etal. (2014) highlighted a relationship between the amount of polyphenols in propolis and their
inhibitory activity toward MPO.
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Figure 22. The effects of Ag.E and Met.E on MPO activity using TMB as substrate. The values

are means + SEM (n=3).
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Figure 23. The effects of Ag.E and Met.E on MPO activity using o-dianizidine as substrate.

The values are means = SD (n=3).

Table 6. Value of ICso of Ag.E and Met.E on MPO activitity using both TMB and o-dianizidine

as substrate.

ICso  (pg/mL)
Ag.E Met.E
Using TMB as substrate 13,83+1,14 2,65 +0,42
Using o-dianizidine as substrate 19,01 + 0,53 17,84 + 0,78
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I1I. 1. 4. The effect on phagocytic activity

The effect of extracts on neutrophils phagocytosis function was evaluated using C. albicans
as target of activated neutrophils. The optic microscope is used to see the phagocytic C. albicans
(figure 24). The results shown in the figure 25 indicate that, in comparison to neutrophils not
treated, the phagocytosis function of neutrophils treated with both extracts decreased. The
percentage of phagocytosis inhibition is 28.27%, 43.58%, 42.52% and 46.38% for four
concentrations of Ag.E (5, 10, 25 and 50 pug/mL), respectively. Other inhibitions were recorded
in the presence of Met.E at same concentration in order of 5.78%, 22.03%, 41.33% and 59.29%
inhibition. However, these inhibitions were statistically no significant.

Phagocytosis is a fundamental mechanism for the effective elimination of disease-causing
agents. It facilitates the removal of microorganisms as well as tissue debris and dead cells
(Gierlikowska et al., 2021). Inhibition of this function in neutrophils, which are the most
important phagocytes, may compromise the body to face infections. Beside neutrophils
participate in phase of resolution of inflammation by phagocytosis of tissue debris (El Kebir
and Filep, 2010). Therefore, the fact that neither extracts significantly inhibited phagocytosis is

a plus from a therapeutic standpoint.

These findings support those of Chen et al. (2014), who found that caffeic acid stimulates
neutrophils’ phagocytosis of Escherichia coli. Additionally, it has been demonstrated that
quercetin increases chicken heterophil internalization and phagocytosis (Boonlaos et al., 2021).
Additionally, mice's alveolar macrophages' phagocytosis was boosted by chlorogenic acid (He
etal., 2022).
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Figure 24. Photos acquired under an optical microscope demonstrate neutrophils ingesting
C.albicans.
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Figure 25. Percentage of phagocytosis in the presence of different concentrations of Ag.E and
Met.E. The values are means + SEM (n=3).
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III. 1. 5. The effect on bactericidal activity

The main mechanism used by neutrophils to Kkill bacteria is bactericidal activity, by
activation of NADPH oxidase on the phagosomal membrane to product O, within the
phagosome that MPO dismutates to H20,. MPO then uses the H.O> to oxidize chloride to
hypochlous acid, which kill bacteria (Parker et al., 2021). Elastase participates also in
bactericidal activity by degrading outer membrane protein A, localized on the surface of Gram
negative bacteria (Belaaouaj et al., 2000). Figure 26 illustrates that human neutrophils'
bactericidal activity is significantly (p<0.05) inhibited by both extracts, and that E. coli colonies
multiply as concentrations rise, the percentage of colonies arrive until 82.51 + 4,47% and 84.1
+ 3.33% at 25 pg/mL of Ag.E and Met.E, respectively.

Based on the previously reported results, which showed that H. tomentosum acted as a
potent inhibitor of MPO and elastase activities at the same concentrations (5, 10, and 25 g/mL)
but did not significantly inhibit phagocytosis, it is possible to hypothesize that neutrophils had
engulfed bacteria and that the inhibition of bactericidal was caused by the inhibition of MPO to
produce hypochlous acid and prevent elastase to degrade outer membrane protein A in the
surface of E.coli.

Other mechanisms could be able to account for the inhibition of bactericidal activity
including; 1) Inhibition of phagosome-lysosome fusion to kill ingested bacteria.

2) Reduction of ROS production through respiratory burst, Demirkiran et al. (2013) showed
that Hypericum montbretii has immunomodulating inhibitory activity against the oxidative
burst response of human neutrophils, and Schepetkin et al. (2020) found that Hypericum
perforatum essential oil reduced neutrophil ROS production. 3) Degranulation inhibition to
prevent the death of no ingested E. coli. In fact, Bernini and Velotti (2021) showed that

quercetin is a strong degranulation inhibitor.
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Figure 26. Effect of Ag.E and Met.E on number of bacterial colonies. The values are
expressed as means + SEM (n=3). *p<0.05. **p<0.01. ***p<0.001

I11. 2. In vivo anti-inflammatory activity

II1. 2. 1. Acute toxicity study

Acute toxicity study was conducted to determine the safe dosage of plant’s extracts to
animals and human subjects. In the present study, Swiss albinos mice were employed and
administered with single dose 2 g/Kg body weight of Ag.E and Met.E from H. tomentosum.
There are no marked behavior changes, because any signs of acute toxicity or even mortality
during the 24 hours of observation as well as during the 14 days follow up period and in all
tested mice administered. The same remarks were observed with mice treated with single dose
of 5 g/Kg body weight. Results proved that the administration of both extracts up to the 5 g/kg
dose were safe to be used for our various anti-inflammatory investigations through in vivo
model, in a single administration. This finding is supported by Touafek et al. (2012b), who
found that the butanolic extract from this plant can shield rat heart and renal cells from the

toxicity of chemotherapy medicines.

I1I. 2. 2. Effect on neutrophils recruitment

The subcutaneous air pouch is an in vivo model used to study acute and chronic
inflammation (Duarte et al., 2012), injection of carrageenan solution into the pouch, as an
inflammatory agent, increases leukocyte accumulation and inflammatory exudate volume in the
pouch by enhancing the vascular permeability and stimulating neutrophil migration (Eteraf-
Oskouei et al., 2020).
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Injection of carrageenan in mice’s pouch induced an important PMNs’ migration into site
of injection (12.27 = 0.48 million cells/ mL). However, The number of migrating neutrophils
was considerably reduced in pretreated mice by both Ag.E and Met.E at 1 mg/pouch when
compared to control (7.54 £ 0.75 million cells/ mL and 6.44 + 0.42 million cells/ mL,
respectively). Indomethacin at dose of 0,1 mg/ pouch was the potent inhibitor of neutrophils
migration, it reduced significantly the recruitment, only 4.91 £ 0.36 million cells/ mL of PMNs

were recorded after 4 hours of carrageenan injection (figure 27).

The richness of both extract by polyphenols and flavonoids compounds may justify this
activity. Indeed, (Eteraf-Oskouei et al., 2020) demonstrated that the presence of flavonoids in
the bee pollen methanolic extract inhibited leukocyte accumulation. Other researches have
linked this function to bioactive substances found in plant extracts, it has reported that
chlorogenic acid and caffeic acid reduce leukocytes migration (Furtado et al., 2016; Torres-
Régo et al., 2016). Additionally, Cheng et al. (2016) demonstrated that orally administration of
epicathechin attenuated neutrophils infiltration.

Based on the mechanism by which carrageenan causes inflammation, it is possible to
hypothesize that the inhibition of neutrophil migration is caused by the suppression of the
production of pro-inflammatory cytokines, which are in charge of producing the adhesive
molecules required for neutrophil migration (Borish and Steinke, 2003). Indeed, Savikin et al.,
(2006) showed that hypericin,a napthtodiotrone presenet in this genus (Henzelyova and
Cellarova, 2018), substantially suppressed IL-1 and IL-6 transcription. Another study
conducted by Ling et al. (2020) has shown that the main constituents of both extracts, quercitrin

and isoquercitrin, exerted a notable inhibition of IL-6 secretion.
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Figure 27. Effect of indomethacin, Ag.E and Met.E on neutrophils concentration in the pouch

of mice. Data are expressed as means + SEM (n = 6). (p<0.001).

IIL. 2. 3. Croton oil induced ear edema

Croton oil, is a constituent of Croton tiglium plant, containing phorbol ester with TPA (12-
O-tetradecanoyl-13-phorbol acetate) predominantly as active compounds. Induction of acute
inflammation by croton oil occurs by increase vascular permeability, vasodilation and swelling
due to the release of histamine and serotonin, followed by activating phospholipase A2 which
releases arachidonic acid from the cell membrane which in turn metabolism to prostaglandin
by cyclooxygenase and to leukotriene by 5-lypoxygenase (Puspawati and Rita, 2019; Sangchart
etal., 2021).

Treatment by croton oil topically to mice ear promoted an edema as signed by the increase
in right ear thickness. The effect of topical application of extracts and indomethacin on croton
oil induced ear edema was summarized in figure 28. The extracts and indomethacin reduced
significantly (p<0.001) mice ear edema volumes, measured as ear thickness; the application of
2 mg/ ear of H. tomentosum Ag. E and Met.E inhibited 68.75% and 67%, respectively mice ear
edema at 6 hours after croton oil application. Hence, both extracts exerted a nearly inhibition.
While, indomethacin 0.5 mg/ ear, a non-selective inhibitor of COX, reduces the production of
prostaglandins as was expected, was the most effective to prevent mouse ear edema with
inhibition of 78.75%.

This potent activity of Aq.E and Met.E to prevent ear edema may be contribute to their
compounds. In fact, according to Bouratoua et al. (2016), this plant contains phytosterols which

prevent phorbol-induced edema (Conforti et al., 2008). In the other hand, a previous report
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described the edema inhibition by topical application of H. reflexum (Sanchez-Mateo et al.,
2006). Additionally, it has reported that topical application of H. perforatum exerted a potent
anti-inflammatory activity by inhibition of edema induced by croton oil (Sosa et al., 2006).
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Figure 28. Ear edema in the presence of indomethacin, Aq.E and Met.E. Data are means +
SEM (n=6) (p<0.001).

III. 2. 4. Carrageenan induced paw edema

Carrageenan-induced hind paw edema model was employed to evaluate extracts’ anti-
inflammatory activity by giving mice a sub-plantar injection of 1% carrageenan. This model
has been widely used for the discovery and evaluation of anti-inflammatory drugs (Abiye et
al., 2019).

The results show that Ag.E and Met.E at 200 mg/Kg and 400 mg/Kg body’s weight slightly
reduce edema production throughout the entire measurement period (4 hours). In contrast,
indomethacin had a strong paw edema inhibition effect (figure 29). The findings of the weight
of paw measurement after 4 hours of carrageenan injection are shown in figure 30, which
demonstrates that Aq.E and Met.E in both dosages (200 mg/kg and 400 mg/kg) had no
significant impact on paw weight. Whereas, indomethacin at a dose of 20 mg/Kg caused a
significant (p<0.05) reduction in the weight of the paws, and it could prevent 79.74% of paw

edema.
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The inflammatory process is triggered by carrageenan in two stages. The first phase, which
lasts for the first 2.5 hours after the carrageenan injection, is caused by the release of mediators
that affect vascular permeability, such as serotonin, histamine, and bradykinin. (Yonathan et
al., 2006). The final stage, which takes place 2.5 to 6 hours after the injection of carrageenan,
is characterized by an excess of prostaglandins in the tissues, and the maximum vascular
response is dictated by neutrophil migration to the inflamed area. (Abiye et al., 2019; Khan et
al., 2020).

According to previous findings, injection in pouch of H. tomentosum Ag.E and Met.E
exerted a significant inhibition of neutrophils migration into inflammatory site when it is
induced by the same phlogestic agents. Based on this finding and the mechanism of
carrageenan-induced paw edema, it is possible to suggest that no significant antiedematous
activity of H. tomentosumis due to inadequate absorption of plant's compounds from the
intestine in orally administration.

When applied topically, H. tomentosum extracts effectively reduced edema induced by
croton oil. However, when administered orally, Ag.E and Met.E were ineffective to reduce the
edema caused by carrageenan. This result may be explained by the different mechanisms of
action of the two phlogistic agents, as well as the fact that when taken orally, flavonoids undergo
metabolite transformation (Escribano-Ferrer et al., 2019). Indeed, phenolic acid is more
effective in topic application according to Fernandez et al. (1998). Additionally, Carlson et al.
(1989) reported that the topical administration is the most effective since it allows for the

massive absorption of secondary metabolic products
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Figure 29. Kinetic of paw edema, induced by sub-plantar injection of carrageenan, in the
presence of indomethacin, Ag.E and Met.E on paw edema in mice. Data are mean + SEM
(n=5).
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Figure 30. Effect of indomethacin, Ag.E and Met.E on paw edema induced by subplantar

injection of carrageenan in mice. All data are expressed as mean £ SEM (n=5). (p<0.05)
III. 2. 5. Analgesic effect

The acetic acid-induced vascular permeability model, as an acute inflammation model, is
used to evaluate the inhibitory activity of samples against pain. Acetic acid causes nociception
in this test via a process that is dependent on the local cells (macrophages and mast cells) that
are present in the peritoneal cavity. TNF-a, IL-1, and 1L-8 are cytokines that are released by
these cells and are involved in the contortion response (Santos et al., 2020).

Figure 31 shows that both extracts at 200 and 400 mg/Kg and aspirin exerted a significant
(p<0.01), and dose dependent manner, protective effects vis a vis pain induced by
intraperitoneal injection of acetic acid by reducing the number of contortion, the best inhibitory
effects was observed with Met.E at 400 mg/Kg with 65.47% of inhibition followed by Ag.E at
same concentration with inhibition of 48.37% , these activities was good than aspirin at 100
mg/kg which reduces 44.9% contortion’s number.

Acetic acid, according to Abiye et al. (2019), irritates the peritoneal cavity, stimulating
local nociceptors and inducing the release of endogenous chemicals from peripheral sensory
nerve endings, including histamine, prostaglandins, bradykinins, and substance P. This shows
that the extract of H. tomentosum may exert its peripheral analgesic effects by inhibiting the

release of these endogenous chemicals and inflammatory mediators.
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The analgesic activity of both extracts may be associated with their antioxidant properties

demonstrated by in vitro methods used. Indeed, Santos et al. (2013) reported that oxidative

stress has a crucial role in signaling of nociception and is involved in the process of pain.
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Figure 31. Effect of aspirin, Ag.E and Met.E on number of contortion induced by

intraperitoneal injection of acetic acid in mice. Data are expressed as means = SEM (n=6).

**n<0.01. ***p<0.001.
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Conclusion and perspectives

The main purpose of this work is to use scientific basis to verify some anti-inflammatory
and antioxidant properties attribute to Hypericum tomentosum plant extracts.

The current study revealed the richness of H.tomentosum leaves aqueous and methanolic
extracts by polyphenols, flavonoids and tannins, besides, an analyze using HPLC allowed to
identify ten acids, fourteen flavonoids one biflavonoid and two phenyl aldehydes on these
extracts.

The hydro-methanolic mixture proved to be the best solvent for extracting phenolic
compounds, thanks to its ability to extract polar and apolar molecules, which resulted in the
good yields obtained with this solvent.

In the study of the in vitro antioxidant activity of these two extracts, the scavenging
capacity of DPPH', hydroxyl radical and hydrogen peroxide was targeted. Considerable
antioxidant potential was shown in these tests by the two extracts studied. In addition, both
extracts were found to have ferric ion -reducing ability and exert protective effect against lipid
peroxidation in AAPH-induced erythrocyte hemolysis model and B-carotene bleaching model.
However, the extracts studied show a weak ferrous ion chelating activity.

Cytotoxic effect of studied extracts was tested on human neutrophils cells, where both
aqueous and methanolic extracts didn’t cause cells death. The toxicity effect was tested also
using mice, where no mortality was recorded.

The anti-inflammatory activity has been confirmed by tests to evaluate the effects of the
studied extracts on certain functions of human neutrophils. The two extracts showed significant
dose-dependent inhibition on neutrophil elastase, MPO and bactericidal activities. However,
the effect of the extracts on the phagocytosis of Candida albicans by neutrophils was minimal
and not significant.

Both Extracts of H. tomentosum exert significant anti-edematous effects when applied
topically. However, low activity was recorded in the case of oral administration. These extracts
also inhibit the recruitment of immune cells to the inflammatory site. On the other hand, both

extracts have analgesic properties, thus justifying their traditional use.
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The results of the present study show that the agueous and methanolic extracts of this plant
possess antioxidant and anti-inflammatory effects. This medicinal plant could be considered as
an interesting source of antioxidant and anti-inflammatory agents with potential
pharmacological applications in pathologies. However, this study requires further
investigations concerning in particular:

v' Expand the research scope of other mediators and tests, whether in vitro or in vivo.

v" Isolation and purification of the molecules responsible for the various activities obtained
by these extracts and understanding the mechanisms at the cellular and molecular level,
in the hope of obtaining new molecules with various effects on the various effectors of
inflammation.

v' The in-depth study on the pharmacokinetics and pharmacodynamics of the active
components in these extracts is very important for determining the preventive and

therapeutic dosage.
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Hypericum tomentosum (H. tomentosum) is a medicinal plant distributed in
Mediterranean region, it's commonly used in folk medicine for different health
problems. Thus, this study aimed to investigate the antioxidant properties of aqueous
extract of leaves of H. tomentosum. The aqueous extract was obtained by boiling H.
tomentosum leaves in distilled water. The total phenolics and flavonoids content were
determined using folin-ciocalteu’s reagent and aluminum chloride, respectively. The
aqueous extract of H.tomentosum was tested for antioxidant activity as determined by
DPPH* radical and hydrogen peroxide scavenging assays, reducing power assay,
ferrous ion chelating and the ability of this extract to prevent hemolysis were also
performed. The result showed that aqueous extract of H.tomentosum possess high
levels of polyphenols (303.10 + 5.14 pg GAE/mg extract) and flavonoids (53.56 + 1.74
ug QE/ mg extract). H .tomentosum exerted a powerful scavenging activity against
DPPH-" radical and hydrogen peroxide with ECso values of 9.32 * 0.96 pg/mL and 3.13
+ 0.49 pg/mlL, respectively. Moreover, itexerted a powerful reducing ability and
inhibits ferrous ion chelating .The extract exhibited a significant protective effect
against AAPH-induced erythrocyteshemolysis. This study suggests that H.tomentosum
may represent a prospective source of natural antioxidants to prevent and /or to treat

oxidative stress related diseases.

© KESS All rights reserved

INTRODUCTION
An imbalance in the oxidant/antioxidant system,
either resulting from excessive reactive oxygen
species (ROS) production and/or antioxidant
system impairment, leads to oxidative stress that
cause damage to cells and tissue [12l. Thereactive
oxygen species include radical species such as
superoxide anion (02*) and hydroxyl radical (OH*
), and non-radical species such as hydrogen
peroxide (Hz202) [l. ROS may be generated by
ultraviolet rayon [, xenobiotic as alcohol,
medicament and tobacco; transited metal as
plumb and cobalt may induce theformation of this
species 5. ROS may be generated also by
intracellular sources. In living organism,
electron-transport chain
mitochondrial is the main part of ROS production.
Other enzyme like xanthine oxidase and NADPH
oxidase participate in their formation [6-8l,

*Author for Correspondence:
Email: lamouri.amina93@gmail.com

The excess of uncontrolled ROS production leads to
cell damage and homeostatic disruption. They can
react with polyunsaturated fatty acids of cell
membranes and induce lipid peroxidation causing
the generation of secondary free radicals

[6.91. They can also attack protein and DNA [10.11]
bringing about different pathologies such ascancer,
cataract, edema pulmonary, accelerated aging,
diabetes and cardiovascular diseases [12. 13],
Synthetic antioxidants play an important role to
protect human body against damage caused by
ROS; however, they cause many side effects [141.
Plants have been used for traditional medicine
throughout the world since ancient times. Mostof
80% countries in the world used medicinalplants
for healthy purposes [15]. In recent years, interest
has increased in naturally bioactive compounds
that can preserve human health from oxidative
stress damage, and inhibit enzymes involved in
several diseases [16],

Hypericum tomentosum (Clusiaceae) is a medicinal

plant which is mainly distributed in
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Mediterranean region [71. Its distribution areas
were restricted to the humid forest [18l. H.
tomentosum is used by traditional healers for its
anti-inflammatory, antioxidant, antiviral and
analgesic effects 19, it is employed also for
treatment of depression, ulcer, rheumatism and
hysteria [20l. According to Naboli et al. [21l
Hypericum species have many important chemical
compounds possessing biological activities.
Therefore, the current study was designed to
evaluate the antioxidant potency of H.tomentosum
aqueous extracts against oxidativedamages.

Materials and methods
1. Chemicals

2,2' -azobis (2-methylpropionamidine)
dihydrochloride (AAPH), 2,2'-azinobis-3-
ethylbenzothiazoline-6-sulfonic  acid (ABTS),
ferrous sulfate (FeSO4), peroxidase, folin-
ciocalteu’sreagent,2,2'-diphenyl-1- picrylhydrazyl
(DPPH* ),quercetin, gallic acid, potassium
ferricyanide [KsFe(CN)e],

trichloroacetic acid (TCA), ferric chloride (III)
(FeCl3), butylated hydroxytoluene (BHT), EDTA,
ferrous chloride (FeCl,), ferrozine and Trolox were
obtained from  Sigma-Aldrich (Darmstadt,
Germany). Aluminium chloride (AlCl3) and sodium
carbonate (Na;CO3) were purchased from Prolabo
(Paris, France). Sodium dihydrogen phosphate
(NaH;PO4), Disodium hydrogen phosphate
(Na;HPO4) and Sodium chloride (NaCl) were
acquired from Panreac (Panreac, Spain). Hydrogen
peroxide (H20:) and methanol of the greatest
available chemical purity were provided from
Riedel-de Haen (Illkirch, France).

2. Plants Material

Hypericum tomentosum was collected in June 13th,
2020 from Serdj elghoul, Setif in Algeria. The plant
was identified by Pr. H. Laouer, sétif 1 university,
Algeria. The aerial parts were dried in room
temperature and in shadow. Then Air- dried leaves
were ground using an electric grinder (sayona szj-
1306, china) in order to get a fine powder.

3. Animals

Female Swiss Albinos mice were obtained from
Pasteur Institute of Algeria. Procedure using
animals were performed in accordance with
European Union Guidelines for Animals
Experimentation (2007 /526/EC).

4. Preparation of Extraction

Aqueous extract was prepared according to Giilgin
et al. 22. 50 g of powdered dried leaves were
boiling in 800 mL of distilled water for 15 min (at
solid-liquid ration of 1:16). After cooling the
mixture was filtrated and the extract was
lyophilized to obtain a red fine powered which was
stored at -32°C until use.

5. Phytochemical Analysis
5. 1. Determination of Total Phenolic Content
Total  phenolic content of aqueous was
determinate as describe by Messaoudi et al. [23],
Practically, 100 uL of extract were mixed with500
ul of folin-ciocalteu’s reagent (10%). After 4
minutes, 400 pl of Na,CO3 (7.5%) was added and
the reaction mixture was incubated in obscurity
at ambient temperature for 2 hours followed by
the measuring of absorbance at 765 nm usingUV-
VS spectrophotometer (Thermo Spectronic,USA).
Gallic acid was used as standard for thecalibration
curve. Results were expressed as pgGallic
Equivalents per mg of extract (ug GAE/ mgof
extract). The sample was analyzed three timesand
the mean value was calculated.

5. 2. Determination of Total Flavonoid

Content
Flavonoid content was evaluated usingcolorimetric
method according to Kada et al. [24. An aliquot of
0.5 mL of sample was mixed with the same volume
of AlCls (2% prepared in methanol). After
incubation in obscurity for 10 min at ambient
temperature, the absorbance wasmeasured at 430
nm. The standard curve was established using
quercetin as standard and the results were
expressed as pg Quercetin Equivalent (QE) per mg
of extract (ug QE/ mg of extract).

6. Antioxidant Activities

6. 1. DPPH" Radical Scavenging Activity

The ability of extract to scavenge DPPH* radical was
evaluated as described by Que et al. [251. Practically
0.5 mL of DPPH* (0.1 mM dissolved in methanol)
was mixed with 0.5 mL of differentconcentrations
of H.tomentosum aqueous extract (2- 65 pg/mL).
The mixture was incubated in obscurity for 30
minutes. The absorbance wasmeasured at 517 nm.
Trolox was used as standard and the percentage of
radical scavenging activity was calculated using
following formula:

DPPH* scavenging activity (%) = (A control—A sample) X
100/A control
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Where:

A control: absorbance of the control

A controit absorbance of the control reactionmixture A sample: absorbance of sample

without the test compounds, and,
A sample: absorbance of sample reaction mixture
with test compounds.

6. 2. Hydrogen Peroxide Scavenging Activity
The capacity of H.tomentosum to trap the non-
radical reactive specie hydrogen peroxide was
estimated as described by Kherbache et al. [26],
Briefly, in 96 wells microplate, 20 pl of extract at
different concentrations was incubated with 100
uL of sodium phosphate buffer solution (PBS)(0.1
M, pH 5) and H20: (20 pL; 10 mM) for 5minat
37°C, followed by the addition of 30 pl ABTS
(1.25 mM) and 30 pl of peroxidase (1 U/mL)then
incubated again for 15 min at 37°C. The
absorbance was read at A = 405 nm using a
microplate reader (ELX 800, Bio-TEK
instruments, Winooski, VT, USA), ascorbic acid
was used as standard in this test.

6. 3. Reducing Power Activity

Reducing power of aqueous extract of H.
tomentosum was determined according to Kadaet
al. 241, 200 pl of extract at different concentrations
(2.5-50 pg/ mL) was incubatedwith 425 pl of PBS
(0.2 M, pH 6.6) and 625 pl of potassium
ferricyanide 1% (prepared in PBS) for20 min at
50°C. After cooling 625pl of TCA (10% in PBS) was
added. 625 pl of each mixture was transferred in
other tubes that contain 625 pl of distilled water
and 125 pl FeCl; 0.1 % and the absorbance was
measured subsequently at 700 nm against blank
without extract. BHT (2.5-50 ug/ mL) was used as
standard antioxidant.

6. 4. Ferrous Ion Chelating Activity

H. tomentosum chelating ferrous ion was evaluated
as describe by Le et al. [271. Briefly, 700 uL of extract
at different concentrations (0.1 - 3 mg/ mL) were
added to 50 pl FeCl; 0.6 mM. After 5 min of
incubation, the reaction was initiated by addition of
50 ul of ferrozine 5 mM (prepared in 80%
methanol). The reaction was incubation again for
10 min, a necessary time for complex (Fe (II)-
Ferrozine) formation with violet color which has a
high absorbance at 562 nm. EDTA (1- 30 pg/mL)
was used as reference.

The chelating activity of extract and EDTA was
calculated according to the equation:

(Acontrol - Asample) %

Chelating activity(%) = 100

control

6. 5. Anti-Hemolytic Activity

Anti-hemolytic effect of H. tomentosum aqueous
extract was assessed according to the procedure
described by Meziti et al. [28]. Briefly, blood was
collected in heparinized syringe through direct
heart puncture from anesthetized female Swiss
albinos mouse and then diluted to 2% in
physiological buffer (NaCl 125 mM, sodium
phosphate 10 mM, pH 7.4). In a 96 well plate,
120 pl of erythrocytes suspension were pre-
incubated with 60 pl of different concentrations of
the extract (5, 10, 25 and 50 pg/mL) or Trolox (25
and 50 pg/mL) for 30 minutes at 37°C. To each
well, 120 pl of AAPH (120 mM dissolved in cold
physiological buffer) were then added and the
mixture was incubated at 37°C. The kinetic of
hemolysis was monitored for 4 hours by measuring
reductions in turbidity at 630 nm, using a 96-well
microplate reader (ELX 800, Bio- TEK instruments,
Winooski, VT, USA). The physiological buffer
served as the control while erythrocytes not
treated by AAPH were used as negative control to
remove auto hemolysis of erythrocytes.

7. Statistical Analysis
Experiments were performed in triplicate. The
results are expressed as mean + standard error.
The significance of differences (P <.001) among
treatment means was determined by analysis of
variance (one-way ANOVA) using GraphPad Prism
8 software.

RESULTS AND DISCUSSION

1. Phytochemical Analysis
Amount of total phenols and flavonoids in the H.
tomentosum leaves aqueous extract are reported in
Table 1. The content of polyphenols arereported as
Gallic Acid Equivalents (GAE) by reference to
standard curve (y = 0.0099x -0.0997, R2= 0.9981).
Amount of total flavonoids are reported as
Quercetin Equivalents (QE) by reference to
standard curve (y = 0.037x -0.0085, R2= 0.9993).
There are a very few studies in the literature that
focused on phenolic content of H. tomentosum.
Although, almost 500 species of this genus have
been documented. But only 40 % of them have
been phytochemically characterized
(291,
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Tablel: Total phenols and flavonoids content of
aqueous extract of leaves of H. tomentosum

Polyphenols Flavonoids
Amount 303.10 £ 5.14 pug 53.56 +1.74 pg QE/mg
GAE/ mg of extract  of extract

Standard
curve

R2 0.9932

y =0.0099x-0.0997 y=0.037x-0.0085

0.9993

2. Antioxidant Activiyt

2.1. DPPH- Radical Scavenging

DPPH" assay is based on the measurement of the
scavenging ability of antioxidants towards the
stable radical DPPH:. This method is a widely used
to evaluate the free radical scavenging ability of
various samples. It is a stable nitrogen- centered
free radical the color of which changes from violet
to yellow upon reduction by eitherthe process of
hydrogen- or electron- donation B30l. Fig. 1 shows
that DPPH" scavenging activity ofextract increased
with increasing of concentrations and at 30 pg/mL
the H. tomentosum is able to scavenge until 90% of
DPPH:* radical. The ECso value of this extract is
9.324£0.96 ug/mkL. Our value is in accordance with
Bouratoua et al.[18], who reported that butanolic
extract of H. tomentosum aerial part shows a potent
DPPH:* scavenging with ECso= 14 ug/mL, this result
may be justified by the high content of polyphenols
and flavonoids. Trolox shows also a high DPPH*
scavenging activity with ECso value of 4.60 +0.15
ug/mL; the same value was reported by
Boudoukha et al.31]
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Figure 1: DPPH* scavenging activity of H.
tomentosum leaves aqueous extract and Trolox.
Values are means #* SD (n=3).

2. 2. Hydrogen Peroxide Scavenging Activity
The human exposure to H0; is very high,
because of its incorporation into personal care
products as bleaching agent or disinfectant. In
addition, H O can also be generated in vivo due
2 2

to the activities of some enzymes such as
superoxide dismutase. It has the ability to cross

the cell membrane, thereby causing the oxidationof
a number of compounds in the cytosol [32l. Fig. 2
shows that aqueous extract of H. tomentosum
exerted a considerable dose dependent hydrogen
peroxide scavenging activity with
ECs50=3.13+0.49 pg/mL. This activity is close to that
obtained by standard ascorbic acid (ECso=1.23%
0.09 ug/mL). The potential scavenging activity is
distributed to the hydroxyl groups in the aromatic
ring of the phenolic components [33l. This group can
act as proton donor thus it neutralizes the ROS. It
donates the hydrogen to the hydrogen peroxide
and cleavesit into water molecules [341.
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Figure 2: Hydrogen peroxide scavenging activity of
H. tomentosum aqueous extract and ascorbic acid.
Data represent means + SD (n=3).

2. 3. Reducing Power Activity

The antioxidant activities of natural components
may have a reciprocal correlation with their
reducing powers. The reducing power assay isoften
used to evaluate the ability of the natural
antioxidant to donate an electron 351 In this assay,
the presence of antioxidants in the samples would
result in the reducing of ferric ion(Fe3+) to ferrous
ion (Fe2*) by donating an electron. The amount of
Fez+ complex can be then be monitored by
measuring the formation of Perl's Prussian blue at
700 nm. Increasing absorbance indicates an
increase in reductive ability [3%]. Fig. 3 shows the
dose-response curves for the reducing power of
extract and BHT, a standard used in this test.
Reducing power of the extract increases with the
increase of its concentrations. Hypericum
tomentosum exercisesa powerful reducing ability
which is close to the activity of BHT with ECso
values of 19.64+0.01pg/mL and 14.26+0.02pg/mL,
respectively. This property is probably due to the
presence of active components with hydroxyl
groups that act as reductants 3¢l giving them a

reducing power and they can be used as electron

donors 371,
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Figure 3: Reducing power capacity of Hypericum
tomentosum and BHT. The values are expressed as
means + SD (n= 3).

3. 2.4.Ferrous lon Chelating

Metal ion chelating capacity plays a significantrole
in antioxidant mechanisms by inhibition ROS
formation and radical production [14. H.
tomentosum inhibited the formation of Fe?+ -
ferrozine complex in a dose dependent manner

(Fig. 4).
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Figure 4: Ferrous ion chelating activity of H.
tomentosum aqueous extract (A) and EDTA (B). The
results are expressed as means + SD (n=3).

Therefore, this activity was less important than
EDTA which exerted a highest chelating activity.
This results probably due to the richness

of extract by flavonoids with weak chelating
activity, it has been reported that some flavonoids,
such as naringin, pelargonidin, phloridzin, and
hesperitin had no chelating activity [38]. Fe2+
catalyzes the conversion of H202 into a highly
reactive and damaging hydroxyl radical, a
reaction known Fenton’'s reaction. Hence, H.
tomentosum canblock this reaction by their potent
ability to scavenge hydrogen peroxide proved
above.

2. 5. Anti-Hemolytic Activity

Hemolysis of erythrocytes by AAPH serves as an ex
vivo model for the oxidation damage of biological
membranes 391, The aim of this testwas focused on
the ability of extract to prevent hemolysis caused
by aqueous peroxyl radicals generated by thermal
decomposition of AAPH at 37°C [#01. This hemolysis
was followed continuously at 630 nm to verify
changes in the turbidity of erythrocytes. Fig. 5
shows that H. tomentosum aqueous extract protect
erythrocyte against hemolysis in a concentration
dependent manner proving efficiency to scavenge
radical species in the medium before they attack
the erythrocytes.
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Figure 5: Changes in turbidity of erythrocytes
samples during 4 hours in response to AAPH
following incubation with H. tomentosum aqueous
extract (A) and standard Trolox (B). Recording was
started immediately following the addition of
AAPH. Values are means * SD (n = 3).
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The results show a significant (P<.001) anti-
hemolytic activity at the concentrations of 5, 10,

25 and 50 pg/mL, with half hemolysis time (HTso)
of 110.5+2.04 min, 123.5£2.09 min, 152.1+2.18
min and 206.7+2.31 min, respectively (Fig. 6).
These results are close to those obtained by
standard, Trolox. Likely, this anti-hemolytic
activity is due to the richness of extract on
flavonoids which enhance erythrocytes' resistance
against free radical species, mainly by their
capacity to capture them,by donating electrons and
quenching radicals formed in the aqueous phase

before they can damage the erythrocytes'
membrane 411,
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Figure 6: Half hemolysis time of H.tomentosum
aqueous extract and Trolox. Data are expressed as
mean * SD. P<.001.

CONCLUSION

This study first focused on in vitro antioxidant
activity of Hypericum tomentosum, which showed
that aqueous extract of leaves of this plant exhibits
a high antioxidant activity and prevents against
erythrocytes hemolysis. These effectsmay be due
to their high content of phenolics andflavonoids
compounds. Hence, H. tomentosum could be a
promising potential source of natural antioxidant
for the prevention and/or treatment of oxidative
stress-related diseases.
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Abstract

This study aims to evaluate the anti-inflammatory and antioxidant activities of aqueous (Ag.E) and methanolic (Met.E) extracts of Hypericum tomentosum
leaves. The quantitative assessment of phenolic compounds showed that Met.E extract of this plant contains the highest amount of polyphenols, flavonoids and
tannins compared to Ag.E. HPLC analysis showed the presence of many flavonoids and phenolic acids, quercetrin and epicatechin recorded the highest amount
among flavonoids, while quinic acid and chlorogenic acid had the highest concentration among the phenolic acids. The antioxidant activity of Ag.E and Met.E was
estimated in vitro by determining the scavenging activity of DPPH', OH" and H,O,. The results show that both Ag.E and Met.E inhibited DPPH" with 1Csvalues of
9.32 and 5.85 pg/mL, respectively and they inhibited OH" with ICsequal to 338.8 and 377.6 pg/mL and the values of ICs, with H,O, were 3.13 and 2.07 pg/mL,
respectively. Both extracts also showed a great ability to reduce ferric ion and inhibit lipid oxidation, through the protective effect against the lysis of red blood cells
caused by radicals attack and through prevention of linoleic acid oxidation by inhibition levels of 77.48 % with Aqg.E and 29.43 % with Met.E, while the ability of
the two extracts to chelate ferrous ions was weak. The results of anti-inflammatory activity demonstrated that treating mice with 1 mg/mL of Aqg.E and Met.E extracts
significantly (p<0.001) inhibited neutrophils migration by 38.53% and 47.5%, respectively. Topical application of both Ag.E and Met.E to mice, in the ear edema
model induced by croton oil, reduced edema by 68.75% and 67%, respectively. While orally treatment of mice with a concentration of 200 mg/kg and 400 mg/kg of
both extracts showed a weak effectiveness in reducing paw edema induced by carrageenan. The same concentrations proved an ability to inhibit pain caused by
acetic acid. Both extracts showed anti-inflammatory activity through tests evaluating the effects of the studied extracts on human neutrophils functions. They exerted
a big inhibition and dose-dependent manner elastase and myeloperoxidase activities. The two extracts were shown to be able to inhibit significantly (p<0.05)
bactericidal activity exerted on Escherichia coli. However, in assay of cellular phagocytosis of Candida albicans cells by human neutrophils, the studied extracts
showed slight and non-significant inhibition of phagocytosis.

Keywords: Anti-inflammatory, Antioxidant, Hypericum tomentosum, Flavonoids, Polyphenols.

Résumé

Cette étude vise a évaluer I'activité anti-inflammatoire et anti-oxydante de I'extrait aqueux (E.Aq) et méthanolique (E.Met) des feuilles de la plante Hypericum
tomentosum. L'évaluation quantitative des composés phénoliques montre que 1’E.Met de cette plante contient des quantités plus élevées en polyphénols, flavonoides
et en tanins par rapport a I'E.Aq. L'analyse HPLC a montré la présence de nombreux flavonoides et acides phénoliques, la quercitrine et I'épicatéchine ont enregistré
la concentration la plus élevée parmi les flavonoides, tandis que I'acide quinique et I'acide chlorogénique existent avec des concentrations les plus élevées parmi les
acides phénoliques. L'activité anti-oxydante de E.Aq et E.Met a été estimée in vitro par la détermination de ’activité scavenger de DPPH", de I'OH" et de I'H,O,.
Les résultats ont montrés que I’E.Aq et I’E.Met ont inhibé le DPPH" avec les valeurs d’ICsode 1’ordre de 9,32 et 5,85 pg/mL, respectivement. Ils ont inhibé aussi le
OH" avec des ICs de 338,8 et 377,6 pg/mL, respectivement. Les valeurs des ICsp avec 1’H,0, sont égales a 3,13 et 2,07 pg/mL, respectivement. Les deux extraits
ont également montré une forte capacité a réduire le fer ferrique et a inhiber I'oxydation des lipides, a travers la prévention contre la lyse des globules rouges causée
par ’attaque radicalaire et via I’empéchement de 1’oxydation de I’acide linoléique avec des niveaux d’inhibition de 77,48 % avec I’E.Aq et de 29,43 % avec I’E.Met.
Bien que les deux extraits aient un faible effet chélateur des ions ferreux. Les résultats de I’activité ant-iflammatoire montrent que le traitement des souris avec 1
mg/mL de I’E.Aq et I’E.Met inhibe significativement (p<0,001) la migration des neutrophiles avec des taux de 38,53 % et 47,5 %, respectivement. L'application
topique de I’E.Aq et I’E.Met chez les souris dans le mod¢le de I’cedéme de 1'oreille induit par I'huile de croton a réduit ’oedéme avec des taux d’inhibition de 68,75
% et 67 %, respectivement. Tandis que le traitement par voie orale des deux extraits a 200 mg/kg et 400 mg/kg chez les souris ait montré un faible effet sur la
réduction de I'eedéme de la patte causé par la carragénane, les mémes concentrations de 1’extrait aqueux et méthanolique ont exercé un effet inhibiteur sur la douleur
causée par l'acide acétique. En évaluant I'effet des extraits étudiés sur les fonctions des neutrophiles humains, les deux extraits ont montré une grande inhibition
dose-dépendante de l'activité de I'élastase et de la myéloperoxydase. Ces deux extraits se sont révélés capables d'inhiber significativement (p<0,05) I’activité
bactéricidie exercé sur Escherichia coli. Cependant, dans le test de la phagocytose de la levure Candida albicans, les extraits étudiés ont montré une inhibition légere
et non significative de la phagocytose.

Mots clés: Anti-inflammatoire, Antioxydant, flavonoides, Hypericum tomentosum, polyphenols.




