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ABSTRACT

In this context, The main objective of this work is to green synthesis of AgNPs from H.lippii
aqueous extract and to evaluate the biological effects of H.lippii plant and silver nanoparticles in vitro
and as well as in vivo in order to look into their potential therapeutic effects against the physiological
and biochemical changes brought on by sub-chronic exposure to cadmium chloride in rats. For this
purpose, quantitative, qualitative, and extraction bioactive compounds standard procedures were
applied. While identification and quantification of individual phenolic compounds were performed by
HPLC analysis. On the other hand, has been of AgNPs green synthesis and characterization by
different methods (UV, FTIR, XRD, and SEM). In addition, in vitro activities Evaluation has been
done via antioxidant, anti-inflammatory, Hemolytic, and antibacterial activities, Meanwhile,
Spectrophotometric, Voltammetric studies of the binding interaction of AgNPs with deoxyribonucleic
acid and bovine serum albumin under similar condition. In regards to studying in vivo, 35 Wistar male
rats were divided into seven groups ( 5 rats in each): Control, H.lippii, CdCl,, CdCl,+H.lippii, AgNPs,
CdCl,+AgNPs, and CdCl,+H.lippii+AgNPs. CdCl, (50mg/Kg) was added in drinking water for 35
day. The therapeutic systems were received intragastrically for H.lippii (100 mg/kg b.w) and AgNPs
were supplemented intraperitoneally at 0.1lmg/kg for the last 15 days. Some biochemical,
hematological, oxidative stress markers and histopathology were observed

The phytochemical analysis revealed the presence of most of the phenolic compounds, Further, H.
lippii had high levels of total phenolics (183.12+2.84mg GA eq/g dry Ex) and flavonoid contents
(72.00+£1.03 mg QE/mg EXx), as well as saponins (82.2+ 33.00 mg DO eq/g dry Ex), and of tannins
(Total hydrolyzable tannin; 2.818+0.138mgTA eq/g dry Ex, Condensed tannin; (5.88+1.58 mg Ca eq/g
dry Ex) and anthocyanins (4.256+0.590 mg C-3-GE/g dry EX). HPLC analysis identified six phenolic
compounds in high concentration, mainly gallic acid and chlorogenic acid. According to, the
absorption peak at 428 nm characterized the synthesized silver nanoparticles, the crystalline nature of
AgNP was confirmed by XRD patterns, and SEM analysis revealed that the majority of the
nanoparticles were spherical in shape. While investigations using FT-IR technique confirmed the
presence of many functional groups that are involved in covering and reducing AgNPs. In addition,
H.lippii and AgNPs demonstrated strong efficiency as antioxidant, and anti-inflammatory, while
providing moderate protection for red blood cells. On the other hand, they showed good antibacterial
activity against six types of selected bacteria. Moreover, the results show that there is a spontaneous
interaction between AgNPs and DNA as well as BSA via electrostatic interactions, translated by
parameters K and AG. On the other hand, according to the results obtained in vivo, there was a
decrease in the body weight gain. An increase in the relative weight of the liver, kidneys, heart and
brain, with a decrease in the absolute and relative weight of the testicle. Moreover, the findings in
cadmium chloride-treated rats induced significant changes in hematological and biochemical,
hormonal parameters, hepatic enzyme markers, and renal function compared to the control group.
These changes were accompanied by a decrease in antioxidant defense (GSH, SOD, and CAT) and an
increase in MDA levels. The data clearly showed the deterioration of the structure of the studied
tissues in comparison with the control group, including severe deterioration of liver and kidney cells,
while testicular tissues showed severe necrosis. However, the treatment with H.lippii and/or AgNPs
mitigated most of toxic effects and the restored all previous variable parameters.

Finally, this study demonstrated the promising biological activity of H.lippii and AgNPs, Meanwhile,
it is worth noting the strong therapeutic potential of H.lippii and AgNPs against cadmium chloride-
induced toxicity in rats, which opens new avenues for the use of phytotherapy and nanotherapy and
enhances their application in approaches medical.

Keywords: Helianthemum lippii, silver nanoparticles, green synthesis, biological activities, cadmium
chloride, Wistar rats.
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RESUME

L’objectif principal de ce travail est de verdir la synthése des AgNPs a partir d'extrait aqueux de
Helianthemum lippii et d'évaluer les effets biologiques de la plante H.lippii et des nanoparticules d'argent in
vitro et ainsi qu'in vivo afin d'examiner leurs effets thérapeutiques potentiels contre les modifications
physiologiques et biochimiques provoquées par une exposition subchronique au chlorure de cadmium chez le rat.
A cette fin, des procédures standard quantitatives, qualitatives et d'extraction des composés bioactifs ont été
appliquées. Alors que l'identification et la quantification des composés phénoliques individuels ont été effectuées
par HPLC. D'autre part, a été la synthese verte et la caractérisation des AgNPs par différentes méthodes (UV,
FTIR, XRD et SEM). En outre, I'évaluation de I'activité in vitro a été réalisée via des études antioxydantes, anti-
inflammatoires, hémolytiques et antibactériennes, tandis que des études spectrophotométriques et voltamétriques
de l'interaction de liaison des AgNPs avec l'acide désoxyribonucléique et lI'albumine sérique bovine dans des
conditions similaires. En ce qui concerne I'étude in vivo, 35 rats albinos wistar ont été divisés en sept groupes de
5 rats chacun:Contrdle,H.lippii,CdCl,,CdCl,+H.lippii,AgNPs,CdCl,+AgNPs et CdCI2+H.lippii+AgNPs. CdCI2
(50mg/Kg) a été ajouté dans I'eau physiologie pendant 35 jour. Les systémes thérapeutiques ont été recus par
voie intragastrique pour H.lippii (100 mg/kg de poids corporel) et les AgNPs ont été complétés par voie
intrapéritonéale a 0,1 mg/kg pendant les 15 derniers jours. Certains marqueurs de stress biochimiques,
hématologiques, oxydatifs ont été déterminés. L'histopathologie du foie, des reins et des testicules a été
observée.

L'analyse phytochimique a révélé la présence de la plupart des composés phénoliques. De plus, H. lippii avait
des niveaux éleves de composés phénoliques totaux (183.12 + 2.84 mg GA eq / g Ex sec) et de flavonoides
(72.00 = 1.03 mg QE / mg EXx), ainsi que des saponines (82.2+ 33.00 mg DO eq/g sec EX), et de faibles teneurs
en tanins (Total hydrolysable tannin ; 2,818+0,138mgTA eq/g sec Ex, Condensed tannin ; (5.88+£1.58 mg Ca
eq/g sec Ex) et des anthocyanes (4.256+0.590 mg C-3-GE/g sec Ex). L'analyse HPLC a identifié six composés
phénoliques a forte concentration, principalement l'acide gallique et I'acide chlorogénique. Alors que le pic
d'absorption a 428 nm caractérisait les nanoparticules d'argent synthétisées, la nature cristalline de I'AgNP a été
confirmée par des modeles XRD, et I'analyse SEM a révelé que la majorité des nanoparticules étaient de forme
sphérique. Alors que les enquétes utilisant la technique FT-IR ont confirmé la présence de nombreux groupes
fonctionnels impliqués dans la couverture et la réduction des AgNPs. De plus, H.lippii et AgNPs ont démontré
une forte efficace comme antioxydant et anti-inflammatoire, tout en assurant une protection modérée des
globules rouges. D'autre part, ils ont montré une bonne activité antibactérienne contre six souches de bactéries
sélectionnées. De plus, les résultats montrent qu'il existe une interaction spontanée entre les AgNPs et 'ADN
ainsi que la BSA via des interactions électrostatiques, traduites par les paramétres K et AG. D'autre part, selon
les résultats obtenus in vivo, il y a eu une diminution de la prise de poids corporel. Une augmentation du poids
relatif du foie, des reins, du cceur et du cerveau, avec une diminution du poids absolu et relatif du testicule. De
plus, les résultats chez les rats traités au chlorure de cadmium ont induit des changements significatifs dans les
paramétres hématologiques et biochimiques, les parametres hormonaux, les marqueurs des enzymes hépatiques
et la fonction rénale par rapport au groupe témoin. Ces changements se sont accompagnés d'une diminution de la
défense antioxydante (GSH, SOD et CAT) et d'une augmentation des niveaux de MDA. Les données ont
clairement montré la détérioration de la structure des tissus étudiés par rapport au groupe témoin, y compris une
détérioration severe des cellules hépatiques et rénales, tandis que les tissus testiculaires présentaient une nécrose
sévere. Cependant, le traitement avec H. lippii et/ou AgNPs a atténué la plupart des effets toxique et restauré
tous les parametres variables précédents.

En fin , cette étude a démontré l'activité biologique prometteuse de la plante et des AgNPs, Parallélement, il
convient de noter le fort potentiel thérapeutique de H.lippii et des AgNPs contre la toxicité induite par le chlorure
de cadmium chez le rat, ce qui ouvre de nouvelles voies pour I'utilisation de la phytothérapie et la nanothérapie
et valorise leur application dans les approches médicales.

Mots clés : Helianthemum lippii, nanoparticules d'argent, synthése verte, activités biologiques, chlorure de
cadmium, rats Wistar.
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INTRODUCTION

Medicinal plants are both a finished product intended for consumption and raw material
for obtaining the bioactive substances which are at the origin of several modern medicines
thanks to their richness in secondary metabolites, in particular in phenolic compounds
endowed with beneficial biological (Hiba and Thoppil, 2022). Because compounds with a
plant origin have come under scrutiny recently and have the potential to affect many
processes. Then, by combining a variety of contemporary science inputs, such as synthesizing
nanoparticles, these activities can be greatly enhanced (Anbukkarasi et al., 2016; Pokhrel et
al., 2015).

The field of nanotechnology is the most dynamic region of research in material sciences
due to its various applications in several fields such as bionanotechnology, chemistry,
material science, medicine, etc. Nanoparticles present a highly attractive platform for a
diverse array of biological applications. As Nanotechnology has piqued the scientific
community's interest since its debut as a powerful tool of basic and applied science (Xu et al.,
2006). These performances have contributed to sweeping changes in various fields of
technology and science (Dawadi et al., 2021).

Green synthesis of noble metal-nanoparticles has become a prominent area of interest in
the field of nanoscience and technology, as it is a nontoxic, economically viable, and eco-
friendly approach and highly focused research area compared to other chemical and physical
methods (Vorobyova et al., 2020). Among noble metal nanoparticles, AgNPs have received
considerable attention due to their unique characteristics like chemical stability, electrical
conductivity, catalytic power, sensing ability and antimicrobial activity, anticancer, and
antioxidant (Siddharthan et al., 2019; Verma et al., 2016).

Plant extract contains various phytochemicals such as flavonoids, phenol derivatives,
terpenoids, proteins, reducing sugars, and enzymes. These phytochemicals of herbal extracts
can act as both the bioreduction as well as capping agent required for the synthesis and
stabilization of nanoparticles (Djemam et al., 2020; Verma et al., 2016)

Helianthemum lippii L is belonging to the Cistaceae family and contains 08 gener and
200 species that are widespread in the Mediterranean regions. Worldwide, this genus includes
70 species in Algeria and Pakistan (Benabdelaziz et al., 2015). H.lippii is widely used in
traditional medicine due to its notable pharmacological effects medicinal and it is the host
plant for various species of desert truffles, which are valuable for food, and economic
development, as well as the development of rural and local communities (Alsabri et al., 2013;
Atef et al., 2015). Further, it has biological properties that are promising for the treatment of
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many diseases and is used as a pain reliever such as menstrual pain and uterine diseases in
women (Djemam et al., 2020), thanks to properties tremendous as an antioxidant,
antimicrobial and anti-inflammatory, Further, this plant is characterized by being rich in
secondary metabolites as it has been proven in many studies (Alsabri et al., 2013; Plescia et
al., 2022). Despite the huge potential of H.lippii, its medicinal and pharmaceutical
applications are still limited. This work, therefore, extends the frontier of H.lippii to the
domain of nanobiotechnology.

With rapid industrialization, technological advancement, and unprecedented, increase in
population, pollutants such as heavy metals are increasing in the environment (Ye et al.,
2009). Contamination of food and feedstuffs with heavy metals poses health risks to both
humans and animals, drawing concern from all over the world. Cadmium is a harmful
chemical that is dangerous and widely ingested and is frequently found in soil, air, water, and
food (Buha et al., 2013; Zhang et al., 2014). Medicinal Plants and nanoparticles green
synthesis have a wide important role in the elimination of many in body human adverse
effects caused by exposure to environmental and food contaminants (Habeeb Rahuman et al.,
2022). Therefore, the functional effects of H.lippii and silver nanoparticles in the areas of
antioxidant effects and xenobiotic detoxification provide a possible option in the control of
Cd toxicity in light of these concerns.

Based on this fact, the principal goal of our thesis work was to green synthesize and
characterize silver nanoparticles from H.lippii and study their biological activities in vitro and
in vivo against the toxicity of cadmium chloride in Wistar rats.

The first part consists of three chapters; the first chapter includes a bibliographic overview of

Helianthemum lippii (L.) Dum.Cours. the second chapter presents of silver nanoparticle and
the third one are concerned with cadmium chloride. The second part concerns the
experimental work;

+«+ Part one: Based on the In vitro study; extraction of plant extract, quantitative and

qualitative characterization of these compounds, synthesis and characterize of silver

nanoparticles, and evaluation of their biological activities via antioxidant, anti-
inflammatory, hemolytic activity, and antibacterial assays, in another hand,
exceptionally, Using cyclic voltammetry and spectroscopic methods, have been
evaluating the interaction between the studied ligand (AgNPs) and (DNA / BSA) by
determining the interaction parameters.

+«» Part two: Based on the In vivo study for evaluation of the curative efficiency of

H.lippii aqueous extract and silver nanoparticles biosynthesized against metabolic,
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physiological, and histological alteration induced by experimental cadmium chloride

in rats.
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CHAPTER I: Helianthemum lippii L.

1. Generality

Among all medicinal plants, a special focus is placed on Helianthemum lippii (L.) Dum, a
valuable medicinal herb with several different applications (Lassed et al., 2017; Rubio-
Moraga et al., 2013). It belongs to the family of Cistaceae. H.lippii are also used for the
treatment of stomach illnesses, injuries, and burns around the world due to their anthelmintic,
and anti-inflammatory respectively. Notably, this plant is known by its scientific name;
Helianthemum lippii. L Pers (Alsabri et al., 2013; Hamza et al., 2013), Helianthemum lippii
(L.) Dum. Cours and Cistus lippii L (African plant database). H.lippii grows on low-lying,
sandy limestone gypsum soils in North Africa (Escudero et al., 2007). It is found in the
bioclimatic semi-arid region of Southern Tunisia, where it is well adapted to harsh climatic
circumstances (Pérez-Garcia and Gonzélez-Benito, 2006). In addition, It has significant
ecological, economic, and pastoral value and is essential to the fight against desertification
and the stability of sensitive areas (Diez et al., 2002). Furthermore, the aerial part's powder or
compress is utilized to cure the coetaneous lesion, therefore it has medicinal value. Several
types of desert truffles that are interested in food, medicine, and economics as well as the
growth of rural and local communities use H. lippii as their host plant (Bradai et al., 2015;
Mandeel and Al-Laith, 2007). There is a continuous gradual decline in H.lippii presence. Due
to overgrazing, land clearing, and greater pastoral care, this plant is significantly impacted by
the shift in its floristic composition. Despite being rare and endangered, the Intenational
Union for Conservation of Nature (IUCN) has not placed this species on its red list
(Venturella et al., 2015).

2. Botanical description

The plant of H. lippii is a perennial shrubby are generally 30-60 cm long, has a woody
stem, and erect whitish branches because they have numerous starred hairs. The upper leaves
alternate with the bottom leaves being opposite, and the leaf blades are lanceolate (5-6 x15-20
mm), becoming shorter and more linear throughout the dry season (Alsabri et al., 2013). The
tops are dense, spiciform, and have 6-15 sub-sessile flowers with 1-2 mm sepals and 1-2 mm
long yellow petals. The fruit is actually a capsule containing there are numerous seeds. In
addition, a nanophanerophyte grows in arid grasslands and maritime sands between 0 and 300
m above sea level. The Mediterranean region's flowering and fruiting seasons run from April
through May. Meanwhile, there is no comprehensive information on seed germination,

dissemination method, or pollination (Mahmoud and Alshammari, 2022).



CHAPTER I: Helianthemum lippii L.

Figure 1 : Helianthemum lippii (L.) Dum.Cours: a. Plant of H.lippii; b. flowers; c. leaves
(www.floraofgatar.com)

3. Geographic distribution

The H.lippii plant distributed in many regions of the world. The original home of H. lippii
is in the Arab desert region (the Arab Maghreb, the Gulf States, the Levant, and Iran), where
it prefers light sandy soils and abounds in sandy areas (the arak) as well dry places, roadsides,
and fields (African plant database)(Alsabri et al., 2013). Additionally, it exists in North Africa
(Amina et al., 2012). While a current report on H.lippii distribution (Cistaceae) was detected
both in Iraq, Qatar, Libya, Algeria, Egypt, Greece, Italy, Iran, Malta, Jordan, Morocco,
Tunisia, Pakistan, Syria, Kuwait, Lebanon, Spain, Oman, United Arab Emirates, Bulgaria,
and Sicily. In addition, is a perennial shrub typical of marine sands and dry grasslands
(figure:02) (Fenu et al., 2019).

It should be noted a plant's height and general shape vary depending on the region in which
it grows, and it branches out a lot in locations with light sand, like areas of race, where it can
grow to a height of around a meter. While it grows as a compact mass of tightly overlapping

woody branches in areas with hard soil, rarely grows more than 50 cm in these regions.
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Figure 2: Map showing the locations of H.lippii distribution in the world.
4. Classification

Taxonomic of H.lippii is presented in table 01 below according Dupont and Guignard, (2007).
Table 01 : Classification of H.lippii (Dupont and Guignard, 2007).

Kingdom Plantae

Sub-kingdom Tracheobionta

Division Magnoliophyta

Class Magnoliopsida

Order Malvales

Family Cistaceae

Gender Helianthemum

Species Helianthemum lippii (L.) Dum.Cours.

5. Local Nams of H.lippii

H.lippii has many common names, and these names vary in different regions and
continents, for an example; the name of Al Samhari (in the region of Oued Souf: Southeast of
Algeria)(Halis, 2007) ; Tahsowat and Alrjik (in the region of Ouargla: South of Algeria)
(South-West of Algeria); Alrkaroq (in Kuwait), Umm Souika (the Arabian Peninsula)
(Mandaville, 2013) and Sun Flower (Northeast of Jordan) (Atef et al., 2015) are just a few of

the local names for this species.

6. Bioactive compounds

Alsabri et al. (2013) (Alsabri et al., 2013) found that H.lippii includes a variety of

bioactive compounds. Total phenolic components, tannins, flavonol glycosides, and
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flavonoids were detected in the ethyl acetate extract (EtOAc) of H. lippii (Badria et al., 2014);
(Calzada and Alanis, 2007). Also, Polyphenols (flavonoids, tannins), simple phenolics,
glycosides, free reduced sugars were found in the methanolic extract of H.lippii, but there
were no free anthraquinones, steroids, terpenoids, or alkaloid. The presence of all these
bioactive compounds gives the plant tremendous extraordinary therapeutic potential.
Furthermore, H. lippii was found to have a high concentration of phenolic compounds in a
previous study. Vanillic acid (37% rich in gentisic and 4 hydroxybenzoic acids (14 % for
both) was the most abundant ingredient in the n-BuOH extract of H.lippii, while ferulic,
caffeic, and syringic acids (9%, 8%, and 4% respectively) were also significant. The EtOAc
extract of H.lippi, on the other hand, was predominantly rich in gentisic acid (41%) but also
plentiful in gallic and vanillic acids (17% and 11% respectively). The amounts of sinapic acid
and catechin in this extract were likewise quite consistent and identical, at 8% and 7%,
respectively.
The analysis of the GC-MS chromatogram of the methanolic extract of H. lippii revealed 35
main peaks. Six chemicals that were reported to have biological activity in the study
Alshammari et al., 2022 were found in the H. lippii extract according to GC-MS analysis
(Mahmoud and Alshammari, 2022). These compounds which acts as a liniment counterirritant
for relief of deep-seated pain (Rivera et al., 2005) and (Tardio et al., 2006), Such as
Phenethyl alcohol (RT, 19.01) are reported to act as an antiseptic, antimicrobial and
disinfectant it is also utilized in pharmaceutics and perfumery as an aromatic essence and
preservative (Baudouin, 1976). Oxirane, [4-(1, 1-dimethyl ethyl) phenoxy] methyl], RT
(36.94) has an anti-inflammatory, analgesic, and antipyretic). Mebutamate (RT, 41.36) has a
sedative and anxiolytic drug with anti-hypertensive activity (Morin et al., 1963).
Spermatheridine (RT, 46.69) acts as an antimicrobial, Anticancer, and antifungal agent
(Shakhatreh et al.,, 2016). Ethyl isoallocholate (RT, 60.63) was reported to inhibit
dihydropteroate synthase (Kargutkar and Brijesh, 2018). Others have found similar findings.
These insights shed light on the plant's potential as a source of cost-effective
phytocompounds for the synthesis of complex chemical substances, as well as the plant's true
significance. Antibacterial, antioxidant, anti-inflammatory, antifungal, and anticancer

elements will need to be investigated further.
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7. Therapeutic uses

H.lippii is a valuable medicinal herb with a wide range of uses. Diarrhoeal and epigastric
discomfort have been treated with this plant in the past (Rigat et al., 2007).

Helianthemum plants had a capacity used for the treatment of stomach illnesses, and
injuries around the world due to their anthelmintic, anti-inflammatory, antiulcerogenic,
antiparasitic, antibacterial, analgesic, and vasodilating properties (Badria et al., 2014).
Meanwhile, are used to treat burns, respiratory disorders, and fever (Rigat et al., 2007).
Additionally, the H.lippii is widely used to treat infectious diarrhea, maybe because of its
antimicrobial action (Benabdelaziz et al., 2015; Calzada and Alanis, 2007; Meckes et al.,
1999). Moreover, H. lippii is widely applied for treating digestive disorders, and hemorrhoids
(Calzada et al., 1995), most probably as a result of its antibacterial, analgesic, antipyretic, and
anti-inflammatory activity (Alsabri et al., 2013). As it is worth noting its anti-cancer efficacy
which proved it is against HeLa (human cervical cancer) and HT29 (human colorectal cancer)
(Djebbari et al., 2017), and in the same regard, it showed a very important chemoprotective
effect against health degenerations caused by doxorubicin as chemotherapy in rats Wistar
(Djebbari et al., 2017; Laraba et al., 2022; Lassed et al., 2017) . Several studies regarding the
pharmacological properties of aerial parts of H.lippii were reported. However, to date, there is

no report that portrays its prospective in nanobiotechnology to synthesize nanoparticles.
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1. Nanotechnology

Nanotechnology is among the most optimistic and new areas of modern material science
research. Nanomedicine, an emerging new discipline resulting from the marriage of
nanotechnology and medicine, has several uses in a range of research. The physicochemical,
optoelectronic, and biological properties of noble-metal nanoparticles are astounding. They
are utilized in industrial and pharmaceutical applications for a variety of objectives
(Pirtarighat et al., 2019). NPs have an extremely small size (less than 100 nm), a large surface
area, and a high dispersion rate (Yousaf et al., 2020). As well as, the nanometric scale
improves the surface area of contact with the materials, resulting in increased responsiveness
(Rather et al., 2022). Because nanoparticles are not simple molecules, they are divided into
three layers: (1) the surface layer, which can be stabilized with a variety of special
compounds, metal ions, emulsifiers, and polymers; (2) the shell layer, which is chemically
and physically distinct from the core and (3) the core, which may be the central component of
the NPS (Shin et al., 2016).

Chemical and physical processes can both be used to create nanoparticles. The use of
laser ablation is one of the physical techniques (Simakin et al., 2004), thermal decomposition
(Yang et al., 2007), ultrasound irradiation (Abbasi et al., 2012), and gamma irradiation
(Huang et al., 2009; Stirling et al., 2020),and chemical reduction (Botcha and Prattipati,
2019). The aforementioned methods involve hazardous chemicals, and disposing of these
substances is challenging (Kowshik et al., 2002; Sadhasivam et al., 2010), Therefore, it is
necessary to create eco-friendly processes in order to create NPS. An effective method for
connecting nanotechnology and biotechnology is the green synthesis of NPs (Bhattacharya
and Gupta, 2005).

2. Silver nanoparticles

Silver (Ag) is the second element in the periodic table's first secondary group (IB) and a
more reactive noble metal than gold. The high mechanical resistance of this metal is
exploited. It's a soft, white, gleaming transition metal with a great electrical and thermal
conductivity that's employed in colloids and lotions (Sathishkumar et al., 2016). Otherwise,
and due to its great biological potential, including its low-concentration antifungal,
antibacterial, antiviral, anti-infectious, wound-healing, and anti-inflammatory capabilities,
silver has been referred to as "dynamic" (Aina et al., 2019; Lateef et al., 2018). Further,
about 650 different species of disease-causing microbes can be destroyed by silver, an

inorganic antibacterial agent that is non-toxic (Adebayo et al., 2019; Bhuyar et al., 2020).
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Among the many metallic nanoparticles, silver nanoparticles are one of the most significant
and interesting nanomaterials, and since they have so many different uses in biomedicine,
they are drawing more and more attention.

Due to their remarkable broad-spectrum actions, silver nanoparticles have received the
greatest research attention. In the field of nanoscience, research on AgNPs has advanced
significantly, particularly in the areas of antimicrobial, antioxidant, antifungal, anti-
inflammatory, anticancer, and anti-angiogenic properties (Nagarajan et al., 2019; Sondi and
Salopek-Sondi, 2004). Noble nanoparticles have extraordinary incredible physicochemical,
optoelectronic, and biological capabilities (shape, conductivity, optical activity, high surface

area electric, and size) (Habeeb Rahuman et al., 2022)

3. Various methods used in the synthesis of metal NPs.

Metallic nanoparticles are frequently prepared and stabilized via a variety of physical and
chemical processes, including electrochemical alterations, chemical reduction, and
photochemical reduction (Chen et al., 2001). However, the majorities of these methods are
expensive and employ dangerous substances. Hence, these methods of synthesis produce
unfriendly byproducts that pose a major threat to both the environment and human health. It is
the main justification for choosing the green route strategy to create nanoparticles because
these techniques are generally safe, economical, and eco-friendly (Jamkhande et al., 2019).
(Figure 03).
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Fabrication of Nanoparticles
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Figure 3 : Methods used in the synthesis of metal NPs (Chung et al., 2016).
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4. Green synthesis of AgNPs

Using plant extracts including phytochemical agents in the green synthesis of AgNPs has
piqued interest. This eco-friendly method is more biocompatible and cost-effective, as well as
has the ability to sustain greater synthesis (Arunachalam et al., 2013; Mittal et al., 2015). The
production of AgNPs under various "green" chemical-physical circumstances, as well as by a
variety of microbes, has been extensively studied (Chung et al., 2016).

Flavonoids, phenolic acid, terpenoids, and alkaloids are new secondary metabolites that are
present in crude plant extracts and are principally in charge of reducing ionic metal into bulk
metallic nanoparticles (Aromal and Philip, 2012). Secondary metabolites are continuously
active in redox processes that produce environmentally friendly nanoparticles. Biosynthesis

reactions can be modified.

4.1. Mechanism of Green Synthesis of NPs by Plant Extracts

During the green production of NPs by plant extracts in vitro, a mechanism similar to the
one described above could be at work. The production of metallic NPs from the appropriate
metal ions is depicted schematically in Figure 04. The cations in metallic salts become

saturated and create hydroxyl complexes as the salt disintegrates into cation and anion. The
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supersaturation of hydroxyl complexes is followed quickly by the onset of metal-oxygen
species crystallization. This causes the creation of crystalline planes with various energy
levels. Heat is crucial in supplying energy to the reaction system (Kachlicki et al., 2016).

The formation of high-energy atomic growth planes continues until the capping agent is
activated by the plant extracts, at which point it stops. This leads to the establishment of
certain NP kinds. The reducing agents normally supply the metal ions with electrons during
the synthesis, turning them into NPs. Due to their high surface energy; these NPs have a
propensity to group together in order to change into their reduced surface energy
conformations. More reducing and stabilizing chemicals thus inhibit nanoparticle aggregation
and encourage the creation of smaller NP (Khalil et al., 2012).

Furthermore, proteins have the capacity to attach metal ions to the surface of their
molecules and transform them into the proper nuclei, which can aggregate and create NPs
(Makarov et al., 2014). Protein amino groups, hydroxyl and carboxyl groups in amino acids
and polyphenols, hydroxyl groups in polysaccharides, and carboxyl groups in organic acids
bind metal ions and catalyze the production of metallic NPs by preventing the superoxide-
driven Fenton process (which is thought to be the most important source of ROS). It has been
shown that the protein attached to the surface stabilizes the NPS (Gole et al., 2001).

Capping Action around nanoparticles
(Metallic ions captured by Phyto-reductants)
Metallic ions

T (Bulk Metal Salt)

ooals

Phyto-reductants
(Plant Extract)

& o ,
0 @

REDOX Process

— Characterization of Nanoparticles
Applications
(Biomedical, Industrial, etc.) <— (SEM, TEM, XRD, FTIR, Raman, UV, AFM, etc.)

Figure 4 : The mechanism of in vitro green synthesis of nanoparticles (Marslin et al., 2018).
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4.2. Secondary Metabolites in Plant Extract-Mediated Green Synthesis of NPs

Several various plants have been used to synthesize NPs using plant extracts. Proteins,
low-molecular-weight substances like terpenoids, alkaloids, amino acids, alcohols,
polyphenols (catechin, flavones, taxifolin, procyanidins of different chain lengths formed by
catechin and epicatechin units, and phenolic acids), glutathiones, polysaccharides,
antioxidants, and organic acids are among the numerous molecules (ascorbic, oxalic, malic,
tartaric, and protocatechuate). Proteins, sugars, terpenoids, polyphenols, alkaloids, phenolic
acids, and other substances may also aid in the reduction of metal ions into nanoparticles and
maintain their stability once they have done so. Further, Flavonoids are the compounds whose
involvement in green synthesis has been most extensively studied (Figure 05) (Makarov et al.,
2014).

Ag* / Ag® /
3 i : : Au Au
Ag* / Phytochemicals mediated reduction
Au* —
*/
A,?u, Ag*/ Ag® /
Au*
Metal ion
Ag®/ Ag® /
Aur Au®

Growth l
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Figure 5 : Mechanism for synthesis of nanoparticles in the presence of phytochemicals as a
reducing agent (Patil and Kim, 2017)

5. Operational parameters for the synthesis of silver nanoparticles

A number of important system parameters determine the synthesis of silver nanoparticles.
Regardless of the technique used to produce silver nanoparticles, certain operational factors,
including the concentration and volume ratio of the reacting components, the time it takes for
the reaction to complete, the temperature, and the pH, has an effect on the rate of synthesis,
size, and form of the nanoparticles. The size, shape, overall morphology, effectiveness, and

applicability of these parameters might all be changed (Makarov et al., 2014).
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5.1. Effects of concentration

Investigating this characteristic allowed us to identify the silver ion concentration best
suited for creating the silver nanostructure. The concentration of AgNO3; was used in a
number of plant-mediated AgNPs manufacturing processes, and it significantly affected the
nanoparticles' particle sizes. While maintaining the same values for the other parameters, a
range of concentrations of silver ions was generated to study the impact of the initial
concentration. The concentration of Ag+ ion is typically changed from 10-3 to 10-2 M.
According to reports from the literature, 10-3 M is the concentration that is most suited and
ideal for improving surface plasmon resonance and increasing SPR peak intensity

(Tarannum and Gautam, 2019).

5.2. Effect pH

The formation of AgNPs is significantly influenced by the reaction's pH value (Gan and
Li, 2012). Natural phytochemicals present in an extract may change in charge because of a pH
change. This charge change may have an impact on how silver ions are reduced to AgNPs as
well as how well silver ions stick to biomolecules. The negative ionizable groups are bound to
silver ions because of their positive charge. The studies indicate that pH has an impact on the
stability, size, production rate, and form of nanoparticles as well. Zeta potential data
demonstrate the stability and surface charge of silver nanoparticles. The zeta potential of
AgNPs is typically higher at alkaline pH and lower at strongly acidic pH (Khatoon et al.,
2017).

5.3. Effect of reaction temperature

The SPR spectra change dramatically as the reaction temperature rises. With an increase in
reaction rate, the absorbance peak lowers as the reaction temperature rises, perhaps resulting
in smaller nanoparticles (Ibrahim, 2015). The rate of reduction increases as the temperature
rises, resulting in a shorter reaction time. Temperature changes may cause a blue shift in
wavelength. When the temperature is changed from 10 to 50 degrees Celsius, the maximum
wavelength is reduced from 433 to 397 nm. The change in max could be related to AgNPs'
surface plasmon resonance localization. Therefore, a temperature increase can lead to smaller
AgNPs. There is less opportunity for particle size development and the creation of AgNPs of
uniform size as the temperature rises due to the molecules' increased kinetic energy, which

also increases the consumption of silver ions (Verma and Mehata, 2016).
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5.4. Effect of reaction time

Nanoparticle synthesis is also influenced by how long reducing agents are exposed to
metal ions. It has been shown that the synthesis of nanoparticles increases with longer silver-
reductant reactions or incubations (Darroudi et al., 2011; Krishnaraj et al., 2010). According
to Khatoon et al., (2015) the surface plasmon peak of AgNPs grew from zero to 30 min. later,

becoming steady, indicating that the synthesis was successful (Khatoon et al., 2015).

5.5. Effect of concentration of reducing precursor

The concentration of reducing and stabilizing precursors has a significant impact on the
synthesis of metal nanoparticles. According to White et al.,(2012) nanoparticle production
changes with the concentration of extract. Higher extract concentrations have also been linked
to the formation of polydispersed AgNPs (Von White et al., 2012). The concentration
fluctuation of olive leaf extract was demonstrated by Khalil et al,.(2014) (Khalil et al., 2014).
They showed that increasing the content of leaf extract causes a blue shirt and a sharpening of
the absorbance peak. The decrease in the mean diameter of silver nanoparticles was reflected
by this blue shift. According to Krishnaraj et al., AgNP production is higher at 20% A. Indica
(Neem) leaves extract than at 40% (Krishnaraj et al., 2010). The increasing quantity of
bimolecular causes agglomeration, which affects UV-Vis spectroscopy absorption.

Moreover, on the creation of the AgNPs, the impact of the extract amount was examined. 15
mL of 10 mM AgNOjs solutions were incubated with various amounts of seed extract, ranging
from 0.4, 0.8, 1.2, 1.6, and 2.0 mL. Visible color changes were observed an hour after
combining the extract and AgNOj3 solutions, progressing from reddish yellow to deep red with
increasing AKSE dosage in each reaction solution. A surprising correlation was found
between the absorbance values and the AKSE quantity in the UV-Vis spectrum, which led to
the reduction of a larger concentration of AgNPs since more reducing biomolecules were

accessible at a higher dose (Krishnaraj et al., 2010).

6. Characterization techniques of nanoparticle

Characterization is a crucial step after green nanoparticle synthesis to determine the
nanoparticles' form, size, surface area, and dispersity (Jiang et al., 2009). Various methods are
used to describe nanomaterials (Brongersma et al., 2007; Feldheim and Foss Jr, 2002) are

employed which are shown below.
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6.1. UV-visible spectrophotometer

The primary characterization of produced nanoparticles, as well as the observation of the
synthesis and stability of AgNPs, may be accomplished with great validity and effectiveness
using UV-vis spectroscopy. Due to unique characteristics, AgNPs can interact strongly with
particular light wavelengths. Additionally,UV-vis spectroscopy requires just a brief
measurement time, is quick, easy, practical, delicate, specific for many types of NPs, and does
not require calibration for the characterization of nanoparticles (Tomaszewska et al., 2013).
Particle size, dielectric material, and chemical surroundings all have an impact on absorption.
As a result of the conduction and valence bands' proximity to one another in AgNPs, electrons
can move around the material without any difficulty (Karuppiah and Rajmohan, 2013). As a
result of the metallic nanoparticles' collective oscillation, these liberated electrons give rise to
the SPR absorption band (Feldheim and Foss, 2002).

6.2. Dynamic light scattering (DLS)

The surface charge, quality, and size distribution of nanoparticles are all characterized
using DLS. The generated nanoparticles' polydispersity index is also very helpful (Jiang et al.,
2009).

6.3. Scanning electron microscopy (SEM) and Transmission

Surface and morphological characterization are one of electron microscopy's most popular
uses (TEM). Morphological characterization at the nanoscale to micrometer scale is carried
out using scanning electron microscopy (SEM) and transmission electron microscopy (TEM).
SEM can provide elemental information on the micron scale and submicron scale, in contrast
to TEM, which offers a far higher resolution. The same method is used to evaluate the surface
morphology of a sample of newly generated nanoparticles, and TEM is helpful in determining

the specific size and form of the particle (Jiang et al., 2009).
6.4. Zeta potential measurement
Zeta potential is used to determine how stable a synthesized nanomaterial is; the higher its
value, the more stable the sample (Roy and Das, 2015).

6.5. Fourier transforms infrared spectroscopy (FTIR)-

The identification of the organic functional groups adhering to the surface of the particles is
made possible by Fourier transform infrared spectroscopy (FTIR), which has significant

advantages for surface chemistry (Tamuly et al., 2014). FTIR, which also provides accuracy,
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consistency, and an excellent transmission ratio, can be used to determine whether
biomolecules are directly involved in the production of nanoparticles. The investigation of
nanoscaled materials has also been carried out using FTIR, including the confirmation of
functional molecules covalently attached to silver. As demonstrated by the prior
investigations (Niraimathi et al., 2013), Capping involves the use of functional groupings.
Peaks show that the NPs were coated with secondary metabolites from plants, including
phenols, terpenoids, flavonoids, tannins, and glycosides with function groups like carboxylic

acid, ketones, and aldehydes. (Habeeb Rahuman et al., 2022).

6.6. X-ray diffraction (XRD)

The analysis method known as X-ray diffractometry (XRD) is popular for analyzing crystal
and molecule structures. It may assess particle size, isomorphous substitution, and
crystallinity, serving as a qualitative indication of the active ingredients and a qualitative
divider of various compounds. The physicochemical characteristics of the crystalline lattice
are described by the numerous diffraction peaks that are produced when X-ray light is
reflected off of any particles. A wide range of materials, including inorganic catalysts,
superconductors, biomolecules, glasses, and polymers, can have their structural properties
analyzed using XRD. In evaluating the characteristics of these materials, the diffraction peak
structure is crucial. By comparing the diffracted beams to the Joint Committee on Powder
Diffraction Standards (JCPDS) reference database, it is possible to ascertain the composition
of each material using its unique diffraction lighting.

The underlying principle of XRD is Bragg's law. Using the Scherrer formula, the size of

nanoparticles is calculate (Sun et al., 2000).

KA

D:W

Where D is average the crystallite size, k is the so-called shape factor (0.9), A is the
wavelength (0.15418 nm, CuKa), B is the Full Width at Half Maximum (FWHM), and @ is
Bragg's angle.

6.7. Energy dispersive spectroscopy

EDS to understand the metal nanoparticles' basic makeup EDS is employed, providing the
fundamental understanding of the sample (Brongersma et al., 2007).
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7. Biological Applications of AgNPs

Silver nanoparticles have many biological uses, including as antibacterial, anticancer, and
anti-diabetic agents, as well as in bioimaging, antiangiogenesis, wound healing, biosensing,
and neurodegenerative, anti-inflammatory, and anticoagulating activities and biosensing.
Some of these uses have also been covered in this section. Due to the aforementioned
reasons, including the attachment of biological elements with therapeutic potential, the
widespread use of silver nanoparticles inspired the development of biosynthesized silver
nanoparticles with enhanced therapeutic effects. The accessibility, bioavailability, and
environmental friendliness of nanoparticles also motivate us to focus further on
environmentally friendly synthesis methods for the creation of silver nanoparticles (figure
06). Here, we want to highlight how AgNPs are used in diverse biological and biomedical
applications (Kotcherlakota et al., 2019).
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Figure 06: Various applications of silver nanoparticles (Tarannum and Gautam, 2019).

7.1. Antibacterial activity

The development of novel bactericidal medicines is necessary to treat the infection and to
establish a platform for learning more powerful anti-microbial treatments that confront

multidrug-resistant (MDR) pathogens in the event that an antibiotic-resistant microbe
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outbreak occurs on a global scale. The effective biocidal effects of AgNPs on bacteria have
long been used to prevent and treat a variety of infections.

Against both Gram-positive and Gram-negative bacteria, AgNPs have a very potent
bactericidal effect. The development of cell wall pores that ultimately lead to the leakage of
cellular contents may be the cause of AgNPs' antibacterial activity, or the silver ion may enter
through ion channels and destabilize the ribosome, which prevents the expression of enzymes
and thiol-containing proteins required for the production of ATP or DNA, leading to cell
death (figure 07). AgNPs influence the function of membrane-bound enzymes, which is
important for the respiratory chain (Ahmad et al., 2020).
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Figure 07: Mechanisms of antibacterial activity for silver nanoparticles (Patil and Kim, 2017)
7.2. Antiviral

Silver's cytoprotective qualities are well recognized, and it has been used to block HIV
contact with host cells. AgNPs can also be employed as anti-HIV-1 medicines and to prevent
infection following surgery. As a result, the interaction of AgNPs with bacteria and viruses is
a burgeoning subject of study (Khatoon et al., 2017). AgNPs interact with HIVV-1 by binding
preferentially to gp120 glycoprotein knobs (figure 08), according to the research. This type of
AgNPs interaction prevents viruses from attaching to host cells (Sharmin et al., 2021)
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Figure 8: The antiviral mechanism of nanoparticles (Sharmin et al., 2021)

7.3. Antioxidant activity

Pevious research showed that silver nanoparticles generated from plant extracts are
efficient at scavenging free radicals and serve as a reducing and capping agent (Chang et al.,
2012). Because of their improved dispersion of AgNPs, the produced AgNPs effectively
inhibit the growth of phytopathogens and also produce colloidal nanoparticles that are more
stable. In addition, they limit the production of free radicals to prevent cell damage. The
AgNPs solution's proton-donating properties may allow it to operate as a free radical
scavenger. As a result, it might be applied to both the agricultural and medical fields (Chang
et al., 2012). It should be mentioned that the flavonoids, alkaloids, tannins, saponins, carbs,
phenolic compounds, and glycosides found in the plant extract are actually a valuable root for
synthesizing stable AgNPs quickly, and they already play an important role in the reduction
and stabilization actions that contribute for the antioxidant activity to AgNPs. (Maruthai et al.,
2019).

7.4. Anti-Inflammatory Activity of AgNPs

AgNPs have lately gained prominence in the realm of anti-inflammatory medicine. NPS
enters the cell through ion channels or pores in the cell membrane. The size of the NP
determines this sort of ingression. Although NP uptake does not require membrane receptors,

it does require sticky contacts such as electrostatic interactions, Van der Waals forces, and
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steric interactions. Different cellular effects are triggered depending on where the NP is
located in the cell, which is determined by its size (Ahn et al., 2017). Most cellular vesicles
readily endocytose some small-sized metal NPs at greater concentrations. Macrophages and
neutrophils carry out phagocytosis and macro-pinocytosis. When protein-coated metal NPs
engage with macrophages or neutrophils in inflammatory locations, the protein corona that
surrounds the nanoparticles is evidently the first to make contact with cell surface receptors
(Mahmoudi et al., 2011). This protein corona, which is mostly made up of serum proteins,
acts as a ligand for M2 macrophage receptors. The anti-inflammatory M2 macrophages are
activated as a result of this. In the uptake of NP, these macrophages are essential. When serum
proteins are present, M2 macrophages absorb NP quicker and more effectively than M1
macrophages, according to (figure 09). Al-Shmgani et al., (2017) (Al-Shmgani et al., 2017)
used both in vivo and in vitro models to gather more proof of the anti-inflammatory effects of
AgNPs. They discovered that AgNPs can down-regulate the amounts of inflammatory
markers, suggesting that AgNPs could lessen inflammatory events during the initial stages of
wound healing (Jain et al., 2021). In a porcine contact dermatitis model, nanosilver therapy
accelerated the death of inflammatory cells via apoptosis and decreased the levels of
inflammatory cytokines. The amount of edema and cytokines in the tissues of the paws can be
reduced by biologically produced AgNPs. They can also stop HaCaT cells from producing
cytokines that are caused by UV-B radiation (Agarwal et al., 2019).
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Figure 9 : Anti-inflammatory mechanism adopted by nanoparticles (Agarwal et al., 2019)
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7.5. Anticancer activity

Numerous studies have shown silver nanoparticles have entered the field of medicine as
anti-cancer medicines (Raghunandan et al., 2011).

Silver nanoparticles can enter cells via endocytosis, according to several in vitro studies,
and their placement inside the cell can be determined in the cytoplasmic perinuclear region
and the endolysosomal compartment (Asharani et al., 2009). Moreover, due to their ability to
enter mitochondria and cause increased oxidative stress, which has an impact on cell
respiration, silver nanoparticles can release reactive oxygen species (ROS). In conclusion,
AgNPs' hazardous processes can cause DNA damage, apoptosis induction, and mitochondrial
damage in cancer cells (Hsin et al., 2008; Kim et al., 2009). The mechanism of action of
silver nanoparticles is depicted (figure 10). Various researches has shown that AgNPs affect
how vascular endothelial growth factors operate (VEGF). It is also called the vascular
permeability factor, and it is necessary for tumor angiogenesis to take place (Kalishwaralal et
al., 2009). These findings suggest that AgNPs have anti-cancer effects and could be used as a
cancer treatment or angiogenesis inhibitor (Sriram et al., 2010). Determining the efficacy of
AgNPs as a cancer treatment in a variety of cancer types there is currently a lot of
toxicological data being published on nanoparticles. Silver Nanoparticles serve as antitumor
agents by decreasing the progressive development of tumor cells. This evidence suggests that
Silver Nanoparticles can cause cytotoxicity in cancer cells and halt tumor progression while

causing no harm to healthy cells (Sukirtha et al., 2012).

Figure 10: The anticancer mechanism of silver nanoparticles (Yesilot and Aydin, 2019).
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7.6. Other applications

Future applications of nanoparticles are quite hopeful given the global threat posed by the
excessive spread of microbial contaminations. Nanoelectronics, molecular imaging,
diagnostics, and biomedicine are just a few applications of AgNPs in nanomedicine. These
novel applications rely on the application of a higher electromagnetic field to the surface and
vicinity of AgNPs (Liu et al., 2021). AgNPs contain NPs probes with extremely high
sensitivity that may be utilized to target and scan DNA, proteins, tiny molecules, cells,
tissues, and even tumors. In fact, imaging systems typically use AgNPs with increased
plasmon resonance, particularly for cellular imaging with contrasting chemicals stabilized to
AgNPs by surface treatment (Heilman and Silva, 2017). Central venous catheters (CVC) are
frequently used in bedridden patients to provide access to intravenous fluid administration,
hemodynamic monitoring, pharmaceutical delivery systems, and nutritional support. These
medical devices are categorized as an outstanding class of equipment sensitive to bacterial
contamination and colonization, despite the fact that they are a large contributor to hospital-
acquired infections (Heilman and Silva, 2017). The human eye is a vital system with
incredible vascularization and connectivity that can be easily polluted by germs (Weng et al.,
2017) at the right humidity and temperature conditions. AgNPs demonstrated potential
activity in the development of cutting-edge, performance-improving therapies for bacterial
infections that affect the eyes. The damage to retinal cells was reduced by AgNPs
encapsulated with calcium signals, which might be exploited for retinal imaging (Yee et al.,
2016). Additionally, AgNPs were demonstrated to be efficient as novel nanostructured
systems for the detection and treatment of cancer. AgNPs have a broad range of
biocompatibilities, making them prospective therapeutics for important cancer and MDR
resistance programs as well as anti-infective strategies (Habeeb Rahuman et al., 2022; Nithya
Deva Krupa and Raghavan, 2014). Therefore, all these properties have made AgNPs one of

the most highly recommended bioactive that can be used in pharmaceutical products.
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CHAPTER Il: Cadmium Chloride

1. Identification

Environmental toxins, such as cadmium, can cause a wide range of clinical symptoms.
Several organ systems, including the renal, hepatic, and immunological systems, may be
damaged in humans and animals (EI-Boshy et al., 2015).

Cadmium is a chemical metal silvery-white, soft ductile with atomic number 48. It has
been classified as a nonessential element biochemically (Pinot et al., 2000). It's naturally
present (in low amounts) in a variety of foods and is one of the components of cigarette
smoke. Metal plating and the production of Ni-Cd batteries are two of Cd's many applications.
High levels of Cd in the body, whether from inhalation or ingestion (eating), can cause a
variety of problems, including lung damage and renal illness. Work that involves handling Cd
or its salts carries a greater risk of exposure. Because Cd stays in the body, low-level exposure
over a lengthy period of time might produce health concerns (Peereboom-Stegeman and

Jongstra-Spaapen, 1979).

2. Physical and chemical properties

Group XII of the periodic table contains the chemical element cadmium (Cd, atomic
weight 112.41). This soft, silvery-white metal is similar to zinc and mercury in terms of its
physical and chemical properties (Table 2). Eight stable isotopes of cadmium make up its
atomic weight. With two electrons in the s orbital and a fully filled d orbital, it is a post-
transition metal (Fiamegkos et al., 2015). Cadmium is also more malleable, ductile, and soft
than zinc, and the majority of its compounds favor the oxidation state of +2. Cd is a non-
combustible, water-insoluble metal used as a protective plate that resists corrosion. When
cadmium is burned in the air, cadmium oxide is produced (Nriagu, 1980).

Cadmium is found in metallic form or in salts (oxide, chloride, sulphate, etc.). Cadmium
salts have a very high thermal and chemical stability (Anzum et al., 2022). Cadmium chloride
(CdCly), cadmium nitrate (Cd (NOs3),), and cadmium sulphate (CdSO,) are in the form of
colorless crystals, soluble in water and acids. Cadmium sulfide (CdS) exists as lemon-yellow
or red crystals depending on the method of preparation. It is insoluble in water. On the other

hand, it releases hydrogen sulfide in contact with concentrated acids (Bylishko et al., 2021).
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Table 02: Physical and chemical properties of cadmium (Nriagu, 1980).

Property Information
Atomic number 48
Atomic weight 11241 u
Atomic radius 155pm
Electronic configuration [Kr]4d105s2
Melting point 321.07 °C
Boiling point 767.3°C
Density at 20 °C 8.65 g/cm3
Reduction potential Cd2+ + 2e— — Cd(s) | —0.40 E°
Heat of fusion 6.21 kd/mol
Heat of vaporization 99.6 kJ/mol
First ionization energy 867.8 ki/mol
Second ionization energy 1631.4 kJ/mol

3. Sources of exposure and uses

Cadmium is a contaminant that has entered the environment as a result of, as was already
mentioned, the quick development of contemporary technology and industry. The earth's crust
is where it is primarily found (Drotning, 1984).

Cadmium in the human diet poses a potential long-term health risk. The main source of
cadmium consumption in the nonsmoking general population is food. Mollusks and
crustaceans have the highest levels of cadmium among fisheries products (Jimoh et al., 2015).
Cadmium is also abundant in the 'organ meat' of marine mammals. Generally speaking, plant-
based diets contain more Cd than meat, dairy, eggs, and other animal-based foods. Green
leafy vegetables, potatoes, carrots, and celery can all have higher metal concentrations than
other plant-based foods, along with rice and wheat (Chandel and Jain, 2014). Cigarette
smoke(approximately 1ug of each cigarette) is another significant cause of cadmium
exposure. When cadmium levels in blood samples from smokers were compared to non-
smokers, it was discovered that they had 4-5 times the Cd levels in the blood (Schutte et al.,
2008). As It can also be found in manures and herbicides (Schutte et al., 2008).

Because of its physical softness, good corrosion resistance, and other important
characteristics in metal usage, such as low melting temperature, cadmium is a very easy metal
to form and has a wide variety of uses. Cd is primarily used to make nickel-Cd batteries
(Bashir et al., 2016). The PVC and shipbuilding industries favor Cd as a coating material
because of its resilience to oxidation (Bashir et al., 2016). Cd sulfur compounds are used as

colorants in plastic, glass, ceramics, rubber, paint, and fireworks (figure 11) (Scoullos et al.,
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2012). In addition, Cd is frequently discovered in fasteners, industrial tools, home products,
automobiles, agricultural equipment, and vehicles (screw nuts, bolts, screws, and nails). It is

also used in tire and picture repair (Rahman, 2017).
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Figure 11 : Different sources exposition of cadmium (Taghavizadeh Yazdi et al., 2021)

4. Metabolism
4.1. Absorption

Cadmium is largely absorbed through inhalation and ingestion, with 10 to 50% of inhaled
cadmium dust being absorbed, depending on particle size. The respiratory and gastrointestinal
(GI) tracts are the main routes of cadmium (Cd) absorption. The skin is only penetrated by a
small amount of Cd (Miller and Neathery, 1971; Svartengren et al., 1986). The pulmonary
absorption of Cd is usually the largest industrial hazard for people and animals. The quantity
of inhaled Cd retained varies between 10 and 40%, with the exact amount regulated primarily
by mucociliary and alveolar clearance in the lungs (Neathery and Miller, 1975).
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4.2. Distribution

Cadmium is absorbed and transported in the blood, primarily in erythrocytes, where it is
bound intracellularly to low and high relative molecular mass protein fractions (Nordberg et
al., 1982). Cadmium coupled to metallo-thionein is rapidly and nearly completely transported
from blood to renal tubular cells; however, free cadmium is not taken up to the same amount
(Johnson and Foulkes, 1980). Furthermore, cadmium can reach the embryo or fetus early in
the pregnancy, and only a little amount of cadmium is transferred across the fully grown
placenta (Ahokas and Dilts Jr, 1979) .

Long-term cadmium exposure causes preferential accumulation in the liver and renal
cortex, with these organs accounting for up to 75% of the total body burden. About half of the
body's load is found in the kidneys, 15% in the liver, and 20% in muscle. While, Brain, bone,

and fat have lower concentrations (Sumino et al., 1975).

4.3. Metabolism

Cadmium has little or no metabolism, despite the fact that it binds to a variety of
macromolecules and protein (Miller, 1973). Unlike the Cd-albumin complex, which does not
cross the glomerular barrier due to its high molecular weight, metallothionein is significantly
engaged in cadmium binding, which is hypothesized to minimize cadmium toxicity. The
cadmium that is bound to metallothionein is released into the bloodstream, where it is
removed via glomerular filtration and absorbed by the renal tubules, where the
metallothionein is broken down and the cadmium is liberated. Because there is not enough
metallothionein produced in the kidney to bind all the free cadmium, there is damage to the

tubules or cell membranes due to the activation of oxygen species (Miller et al., 1968).

4.4. Elimination

Cadmium is a cumulative toxic substance. Indeed, the biological half-life of cadmium,
corresponding to the duration of elimination of half the amount of cadmium present in the
organism, is particularly long, since it is approximately 20 to 40 years (Neathery and Miller,
1975). About half of the body's cadmium is in the liver and kidneys. Cadmium excretion is
weak and very slow; it is essentially urinary. The appearance of nephrological damage alters
the renal elimination capacity of cadmium. A small part of cadmium is excreted via the bile
(after conjugation with glutathione), salivary, fecal, and sudoral (Rahimzadeh et al., 2017).
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5. Toxcicity of cadmium

Cadmium is a toxic metal that targets many levels, perhaps the most prominent of which
are the lungs, liver, kidneys, and testicles after acute poisoning. While, it causes renal toxicity,
immunotoxicity, ototoxicity, and tumors after prolonged exposure (Genuis et al., 2013). In
addition, it stimulates cell proliferation, inhibits DNA repair, and prevents apoptosis. On the
one hand, it leads to cell death which leads to kidney tissue damage. Further, In cell culture
systems, cadmium at low concentration causes apoptosis, and with increasing concentration, it
becomes obvious necrosis, and impairment of mitochondrial function stimulates apoptosis
(Cannino et al., 2009). Moreover, causing inhibition of heme synthesis, cadmium may also
impair vitamin D metabolism in the kidney (Kjellstrom, 1992), with a detrimental effect on
the bones. This effect, combined with direct Cd impairment of intestinal calcium absorption
and impairment of collagen metabolism, can lead to osteomalacia and/or osteoporosis (Vesey,
2010).

Similarly, Cd-induced dysfunction affects the immune system on multiple levels, including
dysregulated thymocyte formation (Hanson et al., 2010). In splenocytes, post-natal Cd
exposure causes cell cycle arrest and apoptosis. In addition, Cd causes increased
autoimmunity, increased nonspecific antibody production, and decreased antigen-specific
antibody production (Ohsawa, 2009). Cd also inhibits lymphocyte growth and natural killer
cell function (Fortier et al., 2008).

Hematopoiesis is negatively impacted, and erythropoietin production is significantly
reduced (Horiguchi et al., 1994). Meanwhile, Hemolysis may potentially play a role in the
development of Cd-associated anemia, which can result in iron deficiency indices despite
increased body Fe storage and enhanced duodenal Fe absorption (figure 12).

Otherwise, the 50 percent fatal dose for rats is 500 mg m®, with 0.02 mg m® as the
lowest observed adverse impact threshold. The California EPA recommends a public
reference level of 0.0001 mg m®, with a safe level of 0.6 ng m* with a 1 millionth lifetime
cancer risk (Morselt et al., 1983).
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Figure 12 : Mode of cadmium toxicity in human ( Kumar et al., 2018)
6. Cadmium-Induced Oxidative Stress

Oxidative stress, which is widely acknowledged as one of the major causes of harmful and
cancer-causing effects caused by heavy metals, is one of the main mechanisms of these effects
(Yiin and Lin, 1995). When oxidative stress occurs, an organ or organism's synthesis of
oxidants and antioxidants is out of balance, favoring the former and leading to cellular
instability (Knowles and Donaldson, 1990). It has been proposed that this imbalance results
from either an excess of reactive oxygen and nitrogen species (ROS and RNS) or from a
decrease in the effectiveness of the oxidant defense mechanisms to remove ROS (Lawton and
Donaldson, 1991). Normal biological activities such as signal transmission, cell proliferation,
gene expression, and immunological defense require physiological quantities of ROS.
Hydrogen peroxide (H202), hydroxyl radical (HO¢), superoxide anions (O3), peroxyl (RO¢),
and alkoxyl radicals (ROOe<) are examples of reactive oxygen species, whereas reactive
nitrogen species (RNS) include nitric oxide radical (NO¢), nitrogen dioxide radical (NO2e¢),
and peroxynitrite (ONOQ) under normal physiological conditions (ONOOQO) (Wang et al.,
2004).
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6.1. Mechanism

Depending on the method of exposure, various cellular defense systems are activated in
response to Cd exposure to counteract its negative effects. One of the main defense
mechanisms is the formation of metallothionein (MT), particularly in the kidney and liver, as
well as an increase in cellular glutathione and the activation of the antioxidant transcription
factor Nrf, (Farant and Wigfield, 1982). These pathways are not "exclusive,” but they may
function in concert to protect against Cd-induced oxidative damage (Figueiredo-Pereira et al.,
1998; Patra et al., 2007). Once exposure, Cd enters the bloodstream by albumin or
erythrocytes, where it undergoes hepatic conjugation with MT to generate Cd-MT, which can
be filtered out by the glomerulus and reabsorbed in the proximal and distal tubules (Youngs
et al., 2000). Lysosomes disrupt the Cd-MT complex when it enters the tubular cell, releasing
Cd. As a result of the free Cd, the kidneys are damaged, resulting in oxidative stress. Aside
from free Cd, ROS can be formed when Fenton metals (such as iron and copper) are displaced
from MT by Cd or when GSH is depleted (Hermes-Lima et al., 1991). GSH, which is
plentiful in cells, is a free Cd ion target. The disruption of the redox balance caused by Cd-
induced depletion of the reduced GSH pool results in an oxidative environment. As a result,
Cd-induced oxidative damage is thought to be a key mechanism for causing toxicity in
numerous organs by weakening the antioxidant system (Bae et al., 2001; Hansen et al., 2006).
Gene control of proto-oncogene (Hanahan and Weinberg, 2000) , oxidative stress (Ikediobi et
al., 2004; Othman and El Missiry, 1998; Piqueras et al., 1999), disruption of cadherins,
suppression of DNA repair, and interference with apoptosis are all basic mechanisms involved
in cadmium carcinogenesis. Cadmium is a cell toxin that increases lipid peroxidation and/or
alters intracellular glutathione levels, causing oxidative stress. The ubiquitin/ATP-dependent
proteolytic pathway is affected. The biological mechanisms underlying cadmium toxicity,
however, are largely unknown (Lafuente et al., 2000). A significant effect of oxidative stress
induced on by Cd is lipid peroxidation (Biswas et al., 2001). The transcription factors AP-1
and NF-xB are sensitive to oxidative stress in the cell. The activation of these transcription
factors by Cd has been shown in intact animals and in cultured cells. Otherwise, cadmium
could obstruct DNA repair, causing a greater buildup of damaged DNA bases and incorrect
DNA repair systems malfunctioning (Figueiredo-Pereira et al., 1998). A deleterious mutation
rate may result from the inability of DNA repair machinery to correct faulty bases. DNA
stability genes that are in charge of DNA repair and cell cycle regulation can cause tumor
development in higher eukaryotes. The balance between ROS and antioxidant agents
(enzymes and antioxidant compounds) in the cells is disturbed by excessive ROS generation.
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Cd lowers intracellular GSH levels, which causes cell death brought on by ROS. Another

enzyme needed for the antioxidant defense system in cells is glutathione reductase (figurel3)
(Shih et al., 2004).
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CHAPTER I: Materials & Methods

1. Materials
1.1. Plant material

The aerial parts of the H. lippii were collected during the flowering period in March 2020
from  Southeastern  Algeria exactly in the region of Elhamadin-province
(33°35°00°°’N6°56°33’E) of El -Oued, the plant material was identified by Professor
CHOUIKH Atef (Faculty of Natural Science and Life, EI Oued University). To eliminate dust
and other foreign particles, the aerial section was cleaned under running tap water. Then, it

was dried, ground, and stored for future use.

Figure 14 : Helianthemum lippii (L) Dum. Cours (2020) (Original photo).
1.2. Animals

A total of 35 adult male albino rats, weighing 230.36+ 3.81g were obtained from the
animal house of Pasteur Institute, Algeria. They were placed and kept in the animal house of
the Molecular and Cellular Biology Department, Faculty of Natural and Life Sciences,
University of EI-Oued, Algeria. Animals were adapted for 2 weeks under the same laboratory
conditions of photoperiod (12 h light/12 h dark) with a relative humidity of 64+2% and room
temperature of 19+1°C. Standard rat food (Southon et al., 1984) and tap water were available
libitum for the duration of the experiments. The care and handling of the rats during all

experimental procedures followed the local ethics committee's recommended practices.

1.3. Bacterial strains

Samples were tested for their antibacterial efficacy against six bacterial strains obtained
from the Pasteur Institute's laboratory in Algeria, including three Gram-positive bacteria (BS:
Bacillus subtilis ATCC 6633; SA: Staphylococcus aureus ATCC 6538; and LI: Listeria
innocua CIP 74915) and three Gram-negative bacteria (EC: Escherichia coli ATCC 8737,

PA: Pseudomonas aeruginosa ATCC 9027; ST: Salmonella typhimurium ATCC 14028).
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1.4. Chemicals and reagents

Aluminum chloride (AICIs3), ferric chloride (FeCls), sodium carbonate (Na,COs3), and
trichloroacetic acid were obtained from Prolabo (USA). Folin Ciocalteu reagent, Folin-Denis
reagent, and hydrogen peroxide (H,O,) were obtained from Biochem Chemopharma Co
(France). The rest of the chemicals, reagents, and organic solvents were obtained from Sigma-
Aldrich (USA). On the other hand were used commercial Kits obtained from Spinreact

(Barcelona, Spain) for the measurement of biochemical parameters.
1.5. Antibiotics

The antibiotics Amoxicillin and Cephalexin are used because Amoxicillin treats a broad
range of gram-positive bacteria as well as some other gram-negative strains, and Cephalexin

was used to treat both Gram-positive and many Gram-negative bacteria.

2. Methods
2.1. Phytochemical analysis of H.lippii
2.1.1. Extraction of H.lippii Aqueous extract

H.lippii dry aerial part powder weighing 10 g was combined with 100 mL of distilled
water to create the aqueous extract. After being macerated for 24 hours at room temperature,
the mixture was filtered using Whatman paper, and it was then evaporated using a rotary
evaporator. The extract was weighed and stored at 4°C in a refrigerator for subsequent

analysis (Murugan and Parimelazhagan, 2014).

2.1.2. Extraction of flavonoids.

30 g of the plant were macerated in 300 mL of MeOH for 24 hours, according to Bekkara
et al (1998). The first extraction was made using 150 mL of hot water and 150 mL of ethyl
acetate after filtration and solvent evaporation (2 times). In the aqueous phase of the second
extraction, 150 mL of 1-butanol were added twice. In a rotary evaporator, the two organic
phases (ethyl acetate and 1-butanol) were evaporated to produce the two flavonoid phases

(ethyl acetate and 1-butanol).

2.1.3. Extraction of tannins.

According to Lu et al (2007), the dried plant was macerated for 3 days in the dark and at

room temperature in 300mL of water/acetone (7V/3V). After filtering, the acetone was
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expelled, and the aqueous layer was then extracted using dichloromethane and ethyl acetate.

Finally, the organic phase was dried to produce the tannin extract.

2.1.4. Extraction of anthocyanins

H.lippii was extracted in the dark for 20 hours at room temperature using 0.1 % HCI (v/v)
in 50 mL of methanol and H.lippii was used in the amount of 12 g. The solid residues were
rinsed with an additional 50 mL of 0.1 % HCI (v/v) in methanol after the sample was filtered.
Filtrates were mixed together and dried at 30°C in a rotary evaporator. The residual particles
were dissolved in deionized water containing 0.01 % HCI (v/v) and filtered in stages (Longo
et al., 2007).

2.1.5. Extraction yield
The extraction yield was calculated as follows equation (1):
Yield (%) = W1/W2 x 100 (1)

Where W1 is the weight of the extract and W2 is the weight of the dried powder of plant
material (Boutennoun et al., 2017).

2.1.6. Phytochemical Screening

Phytochemical screening Active constituents in the plant extract of H.lippii. Were
identified and detected by performing chemical tests as follows:

2.1.6.1. Polyphenols

2 mL of the extract received a few drops of a 2 % (w/v) FeCl; solution. FeCl; takes on a
greenish or blackish-blue coloring when polyphenol derivatives are present (Sankhalkar and
Vernekar, 2016).
2.1.6.2. Alkaloids

In two test tubes, introduce 1 mL of extract for analysis. Acidify the medium with a few
drops of HCI and add drops of Mayer's reagent to the first tube and a few drops of Wagner's
reagent to the second tube. The appearance of a white or brown precipitate respectively

reveals the presence of alkaloids (Gontijo et al., 2017)
2.1.6.3. Flavonoids

We added 5mL of the extract to be tested, 5mL of dilute ammonia, and 1mL of H,SO, to
the test tube, and the presence of flavonoids is demonstrated by the emergence of yellow color
(Ibtissam et al., 2021).
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2.1.6.4. Terpenoids

In a test tube, we put 5 mL of plant extract along with 2 mL of chloroform and 3 mL of
strong sulfuric acid. A reddish-brown colour results from the presence of terpenoids
(Harborne, 1998).
2.1.6.5. Saponins

A test tube contains 10 mL of the aqueous extract. After shaking the tube for 15 seconds,
it was left to stand for an additional 15 minutes. More than 1 cm of sustained foam height
indicated the presence of saponins ( (Edeoga et al., 2005).
2.1.6.6. Tannins

In a test tube, we combine 5 mL of the extract with 1 mL of a 2% aqueous ferric chloride
solution (FeClI3). A greenish or bluish-blackish hue indicated the presence of tannins(Evans,
2009).
2.1.6.7. Cardiac glycosides

2 mL of chloroform were mixed with 1mL of the extract. The interior side of the test tube
was then carefully added with H,SO,4. The existence of a glycone part of a cardiac glycoside
is indicated by a reddish-brown color (Yam et al., 2009).
2.1.6.8. Mucilages

3 mL of methanol was mixed with ImL of the aqueous extract at 60 °C. The flocculent
precipitate, after stirring, indicates the presence of mucilage (Kiendrebeogo et al., 2016)
2.1.6.9. Anthocyanins

The aqueous extract is treated by adding a little amount of hydrochloric acid followed by a
small amount of ammonia (NH4OH). If there are anthocyanins present, the color will alter,
and red will show (Wadood et al., 2013).
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2.1.6.10. Leuco anthocyanins

A volume of 5 mL of the infused is mixed with 4 mL of hydrochloric alcohol (Ethanol /
pure HCI 3v /1v). After heating in a water bath at 50°C for a few minutes, the appearance of a
cherry red color indicates the presence of leuco anthocyanins (Bate-Smith, 1954).
2.1.6.11. Steroids

ImL of the extract received 5 drops of concentrated H,SO,4. The presence of steroids is
indicated by the color red (Trease and Evans, 1989).

2.1.7. Quantification of phytochemicals compounds
2.1.7.1. Estimation of total phenolics

The total amount of phenolics was determined using the Folin-Ciocalteu method. To 1 mL
of 10% Folin-Ciocalteu reagent, 0.2mL of the aqueous extract of H. lippii was added. The
addition of 800 L of saturated sodium carbonate (75 g/L) was made after 4 minutes. After 2
hours of incubation at room temperature, the absorbance was measured at 765 nm. To ensure
that the results could be replicated, the tests were run three times (Slinkard and Singleton,
1977). From the calibration equation linear of gallic acid used as the standard, the total
phenolic content was calculated in mg equivalent of gallic acid per gram of extract.

2.1.7.2. Estimation of total flavonoids

We used the aluminum chloride (AICl3) colorimetric method for determining the total
flavonoid content of H.lippii extract (Ahn et al., 2007) as follows;
1mL of the AICI; solution is mixed with 1mL of the sample, and on the other hand with 1mL
of the standard. At 430 nm, the absorbance was measured, after 30 minutes against the
prepared reagent blank. In order to determine the results, a linear calibration equation using
quercetin as the standard was utilized. The results were represented as milligrams of quercetin

per gram of extract.

2.1.7.3. Estimation of total hydrolyzable tannins

The Folin-Ciocalteu colorimetric method was used to calculate the total hydrolyzable
tannin concentration. A 10 mL test tube containing 8.4 mL distilled water, 0.5 mL Folin-
Ciocalteu reagent, and 0.1 mL sodium carbonate solution (7%) was filled with an aliquot of
ImL tannic acid in distilled water of each concentration. Absorbance was measured at 700
nm against a blank after incubation for 30 minutes. All of the tests were repeated three times.
The absorbance was recorded for each concentration of the extract using the same method as
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for the standard. The amount of tannic acid equivalents (TAE) per gram of dry extract (mg/g)

represents the overall amount of tannin in the extracts (Poudel and Rajbhandari, 2020).

2.1.7.4. Estimation of condensed tannin

The level of tannin in the extract was determined using spectrophotometry, according to
Broadhurst and Jones (1978) (Broadhurst and Jones, 1978), Catechin was used to make the
calibration curve. The sample was pipetted into an aluminum foil-wrapped tube along with
3.0 mL of newly prepared vanillin reagent (4% w/v vanillin in methanol), and the mixture was
properly mixed before 1.5 mL of strong hydrochloric acid was added. After 15 minutes at 20

to 2°C, the reaction's absorbance was assessed against water at 500 nm.

2.1.7.5. Estimation of total Saponin content

The sample aqueous solution was completely combined with 5.0 mL of 72% (v/v) sulfuric
acid in an ice-water bath before 0.5 mL of an 8% (w/v) vanillin solution was added. After
that, the mixture was heated in a bath at 60°C. The absorbance at 535 nm was then measured

after was cooled in cold water for 10 minutes (V. Le et al., 2018).

2.1.7.6. Total anthocyanin content (TAC)

The amount of total anthocyanins was determined using the pH differential method,
according to Brito et al. (2014) (Brito et al., 2014), 400 pL of our sample, which had a
concentration of 1 mg/mL in water, was diluted using two different buffers—0.4 M sodium
acetate buffer, pH = 4.5, and 0.025 M potassium chloride buffer, pH = 1.0. Measurements of
the absorbance at 510 and 700 nm were made following 30 minutes of incubation. The
anthocyanin content, which is expressed as mg cyanidin 3-glucoside equivalents per gram of

fraction (C3GE/g fraction) (equation 02), is calculated using the formula as follows:

[ TAC = (AxMWxDFx100)/MA } @)

Where; A= (Asio —Az0) PH1 — (Asio —A700) PHas; MW: molar weight (449,2g/mol); DF:
dilution factor (10); MA; Molar apsorptivity of cyanidin 3-glucoside (26,91/mol.cm).

2.1.8. Analyze qualitative by HPLC

Using scanning equipment and high-performance liquid chromatography, the active
components were discovered (HPLC). For the investigation of phenolic chemicals in crude

extract, we utilized HPLC with UV-Vis type Shimadzu LC20 AL equipped with the universal
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injector (Hamilton 25l), an analytical column was a Shim-pack VP-ODSC18 (4,6mm250mm,
5m), and UV-VIS detector SPD 20A type (Shimadzu). The reverse-phase chromatography
studies were conducted using non-polar aliphatic residues, and the mobile phase comprised of
gradient elution of a combination of acetonitrile and acetic acid (0.1%). The injection volume
was 0, 45uL and the flow rate was ImL/min. The monitoring wavelength was 268nm, and the
sample and standard injection volume were 20pL.

The retention duration and UV absorbance of various compounds were compared to those of

the standards to identify them.

100mL of distilled water +10g 3
plant material
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temperature (24h)
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H lippii aqueous extract prepared to perform: J

+ Aqueous extract preparation
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Quantitative of phytochemicals compounds
FTIR analysis
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Figure 15 : H.lippii aqueous extract preparation
2.2. Green synthesis of Silver Nanoparticles

AgNPs were synthesized by mixing 10 mL of aerial part of H.lippii with 90 mL of a 1
mM AgNO3 solution. A brownish tint appears a short while later, indicating the synthesis of
AgNPs. For 24 hours, the combinations were incubated in the dark and heated to 60°C. After
AgNPs' production was confirmed by UV-vis spectra, it was centrifuged to ensure full

separation and, it was then many times washed with distilled water and ethanol. The final
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precipitate was carefully collected and dried to obtain the final nanoparticles of AgNPs for

additional future experiments and characterizations (Jha and Shimpi, 2018).

2.2.1. Characterization of AgNPs

The methods UV-Vis, FT-IR, XRD, SEM, and EDX were used to characterize silver
nanoparticles.

2.2.1.1. UV-visible spectrophotometer

A UV-Vis spectrophotometer was used to measure the optical characteristics of AgNPs
(the device is Shimadzu UV-1800, Japan UV-Vis Spectrophotometer). Data were recorded in
the 200 to 800 nm wavelength range.

2.2.1.2. Fourier transforms infrared spectroscopy (FTIR)

The bonding characteristic of AgNPs was analyzed using a Fourier transform infrared
spectrometer (FTIR, the Agilent Cary 630 type (Agilent Technologies)). The sample was
placed directly on the platform, uniform pressure was applied, and the spectra were recorded

as the average of 8 scans at 16 Cm™ resolution in the region of (4000-400) Cm™.

2.2.1.3. X-ray diffraction (XRD)

The crystalline structure of AgNPs was examined by using X-Ray Powder Diffraction
(PROTO AXRD Benchtop) using CuKa radiation (30 kV and 20 mA) with a wavelength of
0.154281 nm and scanning speed of 0.05°. In a 26 range of 20-80°, we managed to conduct
the X-ray analysis of distinctly mixed solids. The crystallite size was calculated using the

Scherrer formula (equation 03), by selecting the dominating peak of the highest intensity.

Where D is the crystallite size, k is the so-called shape factor (0.9), A is the wavelength
(0.154281nm, CuKa), B is the Full Width at Half Maximum (FWHM), and @ is the

diffraction angle.
2.2.1.4. Scanning electron microscopy (SEM) and Energy dispersive spectroscopy (EDX)

The scanning electron microscopy makes it possible to scan part of the surface of the
sample using an electron beam with a diameter of a few nanometers. This method allows

visualization of morphological features with high magnification created between the electron
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beam and the atomic envelopes of the elements of the material to be analyzed. During
scanning, X-ray fluorescence radiation is created which can be recorded by an energy
dispersive spectroscopy (EDX) and used for analysis.

The particle size and shape of silver nanoparticles were determined by the phenom Pro
Desktop scanning electron microscopic (SEM) with an optical magnification range of 20-
134x, an electron magnification range of 160-150,000%, maximum digital zoom of 12x,
acceleration voltages of 5, 10, and 15 kV, a backscattered electron detector. Backscattered
electron detector (BSD) and energy dispersive spectroscopy (EDX), with a nominal resolution
of 6nm or less. The microscope is equipped with a temperature-controlled sample holder

(temperature range -20°C to 50°C).
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Figure 16 : The green synthesis method of silver nanoparticles

2.3. In Vitro Activity of the aqueous extract of H lippii, silver nanoparticles, and the
fractions obtained from this plant

2.3.1. Antioxidant activity

2.3.1.1. DPPH free-radical scavenging activity (DPPH)
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1 mL of the DPPH« solution is mixed with 1 mL of each extract (or ascorbic acid as a
control). To complete the reaction, the reaction mixture is stirred briefly and then kept at room
temperature for 30 minutes in the dark. At 517 nm, the reaction medium's absorbance is
measuredb (Equation 04)(Mansouri et al., 2005).

Percent inhibition (PI) = [(Abs control - Abs sample) / Abs control) x 100] (4)

Where Abs control is the absorbance of the control (containing all reagents except the
sample) and Abs sample is the absorbance of the sample.

2.3.1.2. Reducing Power Assay (RP)

Oyaizu's methods were used to calculate the extract's reducing power. The samples was
combined with phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and 1% potassium ferricyanide
water solution (2.5 mL, K3 [Fe (CN) 6]) at various concentrations (mg/mL) in distilled water.
After aliquots of trichloracetic acid (2.5mL, 10% aqueous solution) were added, the mixture
was incubated at 50°C for 20 minutes before centrifuging for 10 minutes at 3000 rpm. The
supernatant (2.5mL) and filtered water were mixed with freshly manufactured FeCl; (0.5mL,
0.1%) solution (2.5mL) the absorbance was determined at a wavelength of 700 nm. The use
of ascorbic acid as a positive control was used (Oraiza, 1986).

2.3.1.3. Phosphomolybdate assay (Total Antioxidant Capacity)

The assay is based on the capacity of the extract to reduce Mo (VI)-Mo (V) and then form
a green phosphate/Mo (V) complex at an acidic pH. An aliquot of 0.3 mL extract was
combined with 3 mL of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and
4 mM ammonium molybdate). The reaction mixture was incubated in tubes for 90 minutes at
95°C. After the samples cooled to room temperature, the absorbance of the solution at 695 nm
was measured using a spectrophotometer in comparison to a blank. 0.3 mL of distilled water

is used as the blank in place of the extract (Islam et al., 2013).

A standard AA graph was used to estimate the ascorbic acid equivalents. The experiment was
done three times, and the results are expressed as mg per g of extract that is equivalent to
ascorbic acid.

2.3.1.4. Linoleic acid/b-carotene bleaching assay (BCB)

The linoleic acid/b-carotene method was used to assess the samples’ anti-lipid peroxidation
abilities (Islam et al., 2013). A stock solution of b-carotene and linoleic acid was created by

mixing two milligrams of b-carotene with 45 pL of linoleic acid, 10 mL of chloroform, and
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400 mg of Tween 40. Vacuum was used to evaporate the chloroform, and the residue was
blended with aerated 100 mL of pure water. Separate test tubes containing the sample were
filled with the aforementioned combination after it had been produced in distilled water at
varied concentrations (mg/mL).
A spectrophotometer was used to measure the zero time absorbance at 470 nm as soon as the
sample was added to each tube. After that, the tubes were then incubated at 50°C in a hot
water bath. The absorbance levels were measured at 470 nm again after 2 hours. As a positive
control, gallic acid was utilized. For background subtraction, a blank devoid of b-carotene
was created.

The following equation (05) was used to obtain the inhibition percentage of bleaching
(Ibleaching percent):

Initial absorboance

[bleaching (%) — Absorbance after 2k of assay % 100 ] (5)

2.3.2. Hemolytic activity

The Hemolysis experiment is conducted as described below, according to Vinjamuri et al.
(2015); 5mL of blood was centrifuged at 1000 rpm for 10 minutes at 40°C in tubes containing
5.4 mg of EDTA to stop coagulation. The hemolytic assay was carried out on washed
erythrocytes that were kept at 40°C for 6 hours. 100 pL of test samples (containing an H.lippii
component, silver nanoparticles, and various fractions) and 50 pL of erythrocyte suspension
in 10 dilutions were employed. The positive and negative controls, 100 puL each of 1XPBS
and 100 pL each of 1% SDS, were utilized. After that, incubate for 60 minutes in a water bath
at 37 °C (Vinjamuri et al., 2015). 850 pL of XPB were added to the reaction mixture to bring
the volume up to 1 mL. After centrifuging it for 3 minutes at 300 rpm, the hemoglobin
concentration was calculated by measuring the resulting amount of hemoglobin in the

supernatant with a spectrophotometer at 540 nm.

The following formula was used to compute the percentage of hemolysis (equation 06):

0D Sample
x100

% Hemolysis Inhibition = 100 — oD Comtral (6)

2.3.3. Anti-inflammatory activity

The egg albumin denaturation inhibition method was used to investigate the anti-

inflammatory potential of crude aqueous extract, silver nanoparticles, and fractions from H.
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lippii. The reaction mixture (5 mL) contained 200 puL of hen's egg albumin (fresh), 2.8 mL of
phosphate buffer (pH 6.4), and was added 2 mL of various concentrations of our sample
standard drug diclofenac sodium, also, 2 mL of distilled water was used instead of extract or
diclofenac to prepare the control. Following a 15-minute incubation period at 37°C in a water
bath, the reaction mixtures underwent a 5-minute heating period at 70°C. The reaction
mixtures' absorbance was measured at 660 nm using a UV-visible spectrophotometer after
cooling, with the buffer serving as the blank (Dharmadeva et al., 2018).

The following equation was used to get the egg albumin denaturation inhibition

percentage (equation 07):

A Control -A sample
Inhibition percentage = P2 %100
A control (7)

2.3.4. Antibacterial activity assays

Firstly, the susceptibility of the bacterial strains of the crude aqueous extract, silver
nanoparticles, and fractions from H.lippii, was determined by the agar diffusion method cited
by Belhaoues et al., 2020 (Belhaoues et al., 2020).

2.3.4.1. Antibacterial test using the agar diffusion method

As noted before, the agar diffusion method was used to assess the materials' antibacterial
activity. Prior to usage, the bacterial strains were grown on nutrient agar for 24 hours at 37°C
while in the stationary phase of growth. The suspension of bacterial cells is another factor
(10° colony-forming units per mL). were applied to Petri dishes containing Mueller Hinton
agar (using sterile swabs). The discs (6 mm in diameter) were then immersed in 10 microliters
of various plant extracts, AgNPs, and H. lippii fractions that were all dissolved in DMSO
(5%, v/v) at different concentrations. Amoxicillin (10 pg/mL), Cephalexin (30 pug/mL), and
(DMSO 5%, v/v) were used as a positive and negative control, respectively, and incubated for
24 hours at 37 °C.

2.3.4.2. Determination of minimal inhibitory concentration (MIC)

MIC of AgNPs, H. lippii, and its fractions against the previous six bacteria was determined
by an amended broth macro-dilution method. For MIC estimation, stock solutions of five
different concentrations of each one of our samples and ranging from 1mg/mL to 30 pg/mL of
silver nanoparticles, 15mg/mL to 0,973mg/mL and 5 to 0,156 mg/mL of crude extract and its

fractions respectively. Additionally, were made in MHB broth that had been autoclaved. For
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each bacterial strain, two sets of sterile test tubes (13 x 100 mm) with cotton plugs and 0.2 mL
of bacterial inoculum were set up. The ultimate volume of media in the flasks was 4 mL as a
result of individually inoculating each test tube with 2 mL of each concentration of samples.
As positive and negative controls, MHB with bacterial inoculum and MHB with all of the
prior samples but without bacterial inoculum, respectively, were used. All test tubes were kept
at 37°C for 24 hours (Verma et al., 2016).

2.3.5. Anticancer Activity of silver nanoparticles

Electrochemical methods based on cyclic voltammetry and spectroscopic methods based
on UV spectroscopy were used to experimentally evaluate the binding free energy and the
binding constant of the interaction of this AgNPs synthesized with DNA and BSA in the
VTRS Laboratory at the University of El Oued.

2.3.5.1. DNA interaction study

In order to understand the mechanism behind acting as AgNPs an anticancer agent, basic
understanding of anticancer agents is required. However, despite the extensive usage of

AgNPs, very few reports on the interaction of AgNPs with DNA are available.

2.3.5.1.1. DNA extraction

Isolation of DNA from blood can be performed using a variety of techniques, differing
protocols and a large number of commercially available kits. The DNA extraction technique
chosen should be able to deliver pure DNA samples ready to be used for the studying the
anticancer activity of AgNPs.

In this study, we utilized a simple and non-toxic DNA extraction technique called the
salting-out ( Carpi et al., 2011), This procedure has the advantage of avoiding the use of toxic
and corrosive organic solvents by using just conventional chemicals that can be bought from
any commercial supplier, as well as requiring no specialist equipment or biochemical
understanding (Boom et al., 1990; Price et al., 2009).

» Blood sample

Blood samples from chickens were collected into blood collection tubes containing EDTA

as an anticoagulant, maintained stored at 4°C.

» Extraction procedure of DNA
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1. We placed 5 mL of whole chicken blood sample in a 20 mL flacon tube, after that 10 mL of
RBC lysis buffer was added to the blood and the resultant mixture is allowed to cool for 20
minutes in an ice bath. Following that, it was centrifuged for 15 minutes at room temperature
at 2500 rpm. This procedure was carried out 3 to 4 times until the blood's red color vanished,
the flacon tube was left to dray for 5 minutes.

2. were removed the white blood cells by addition 2mL of WCLB (White Cell Lysis Buffer),
then vortexing for 3 minutes.

3. We added 150 pL of sodium dodecyl sulfate solution for cell lysis and was undertaken
centrifuging at 172 for 90 minutes at 55°C.

4. 3 mL of 6M sodium chloride solution was added after centrifugation and followed by a 6-
minute vortex followed by 10-minute centrifugation at 1300 for the final mixture.

5. After recovering the liquid phase, two volumes of cold absolute ethanol were added, and
centrifugation at 1300 for 30 minutes at room temperature was completed. In addition, at the
end of this step, we note the appearance of the thin white filament within the tubes containing
a mixture.

6. The obtained DNA was washed by 70% ethanol (must be cold) then centrifuged for 2 min
at 1500 rpm.

7. Finally, the obtained DNA dried in ambient experimental conditions and was characterized

using spectroscopy technique.

» Estimation of DNA concentration and control of its quality.

Following its extraction, estimation of the DNA's quantity and quality was crucial.
Maximum UV absorption for nucleic acids occurs at 260 nm. This report gives information
on the level of DNA purity and potential protein contamination by estimating the optical
density (OD) versus distilled water at 260 and 280 nm in a quartz cell. The DNA is clear,
according to a report with a value between 1.6 and 2 (Sirajuddin et al., 2013). Beer Lambert's

law estimated that DNA concentrations were at 260 nm.

2.3.5.1.2. Electrochemical DNA interaction study

Cyclic voltammetry is performed using a Galvanostat Model PGZ301 potentiostat
(Radiometer Analytical SAS) connected to an electrochemical cell with three electrodes.

v’ A vitreous carbon electrode surface 3 mm2.
v' A saturated Hg/Hg2CI2/KCI reference electrode.
v An auxiliary platinum electrode. Diameter 3 mmz.
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Everything is controlled by a Pentium IV microcomputer (4.0 GHz CPU and 2 GB RAM)
equipped with VVoltaMaster4 software, version 7.08.

The reaction between the silver nanoparticle and DNA takes place in an electrochemical
cell. The reaction medium is a 0.1 M phosphate buffer (KH,PO,/K;HPO,) at pH = 7.2.
Polishing of the working electrode using the p4000 sandpaper is carried out before each
manipulation; the electrodes are then rinsed with ultra-pure water and wiped with absorbent
paper. The electrochemical cell is filled with 25 mL of a solution consisting of the buffer
containing the silver nanoparticles then it is equipped with the reference electrode and the
auxiliary electrode, and also the working electrode. The voltammogram and tracing in the
absence and in the presence of an increasing concentration of DNA.

A variable potential is imposed at a fixed scanning speed, and the voltammogram obtained
IS used to access the interaction parameters between the silver nanoparticles and DNA (Lanez
et al., 2020).
2.3.5.1.3. UV visible spectroscopic DNA interaction study

% Procedure
The electron spectrum of silver nanoparticles AgNPs solubilized in a phosphate buffer
(KH,PO,4 / K;HPO,) 0.1 M at pH = 7.2 was carried out, after the addition of the different
concentrations of DNA, the spectra are recorded in order to determine A max and calculate the

interaction parameters (Lanez et al., 2019Db).

2.3.5.2. BSA interaction study
2.3.5.2.1. Electrochemical BSA interaction study

In order effectively recognize the overall pharmacokinetic profile of our studied
compound; it is important studying the reversible behavior of AgNPs in the presence of BSA.
The used mediums of these assays are 0.1 M buffer phosphate solution at pH = 7.2. The
experiments were performed in the same steps previously mentioned for DNA. The
voltammograms of AgNPs were recorded in similar experimental conditions of speed scan
(100 mV.s™) and temperature (T=298 k) with silver nanoparticles (AgNPs), with and without
the increasing concentration of BSA (Benamara et al., 2020).

2.3.5.2.2. UV visible spectroscopic BSA interaction study.

Electronic spectroscopy experiments were conducted to study the interaction of AgNPs
with BSA in buffer phosphate solution (KH,PO4/K;HPO,4) at pH = 7.2 in the absence and
presence of a gradually increasing quantity of BSA stock solution (Khennoufa et al., 2021).
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2.4. In vivo activity of aqueous extract of H.lippii and AgNPs

2.4.1. Sub-acute toxicity study

Investigation on the acute toxicity of silver nanoparticles and the aqueous extract of H.
lippii according to the rules established by the organization for economic cooperation and
development OECD 425: Six groups of three male albino rats to each were created as follows:
Group 1 (control group) received normal water; Group 2, 3, 4, were administered
intragastrically once with different doses (100, 1000, 4000 mg/kg) of H.lippii aqueous extract
and Group 5, 6 were administered intraperitoneal once with different doses (2, 10 mg/Kg) of
silver nanoparticles. Signs of toxicity, body weight change, adverse effects and mortality were
monitored for 24 h, 72 h, and a follow-up period of 14 days.

2.4.2. Experimental design

After two weeks of acclimatization, the adult Wistar albino rats were randomly divided
into seven groups, each containing five rats (n=5) as follow:

e Group I: was serving as a control and received normal water;

e Group Il: was treated orally by gavage 100 mg/kg, b.w (days/week) of
aqueous extract of H. lippii for 05 weeks;

e Group IlI: received in drinking water 50 mg/kg, b.w/day of Cadmium
chloride (CdCly,) daily for 05 weeks;

e Group IV: was firstly received in drinking water 50 mg/kg, b.w/day of CdCl,
only for 05 weeks then treated curatively by 100 mg/kg, b. w/day of H. lippii
for the last 15 days;

e Group V: was treated intraperitoneally 0.1mg/kg, b.w/day of silver
nanoparticles (Ag NPs) for 05 weeks (Singh et al., 2018);

e Group VI: was firstly received in drinking water 50 mg/kg, b.w/day of CdCl,
only for 05 weeks then treated curatively by 0.1 mg/kg, b.w/day of Ag NPs for
the last 15 days;

e Group VII: was firstly received in drinking water 50 mg/kg, b.w/day of CdCl,
only for 05 weeks then treated curatively by 100 mg/kg, b. w/day of H. lippii
and AgNPs 0.1 mg/kg, b.w/day (CdCl,. H. lippii. Ag NPs) for the last 15 days.

Body weight was recorded periodically during the experiment weeks.
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2.4.3. Samples preparation
2.4.3.1. Sacrifice and Blood collection

After 16 hours of fasting and at the end of each treatment, rats were decapitated under a
light anesthetic of 94% chloroform, and blood samples were transferred into tubes EDTA that
had been previously marked and numbered for each rat. The serum obtained after centrifuging
the blood at a speed of 2500 rpm for 10 minutes was stored at -20°C until it was needed for
biochemical analysis. A glucometer was used to measure the fasting blood glucose levels of

each rat.

2.4.3.2. Preparation of tissues samples

The sacrificed animals were opened ventrally for the removal of certain organs. The liver,
kidneys, heart, brain, and testes were weighed after being washed in normal saline, and stored
at -20°C for the determination of oxidative stress parameters (MDA, SOD, GSH, and CAT).
In addition, a piece of the liver, kidneys, and testis of the other half was fixed in formaldehyde
(10%) for histopathological examination.

2.4.4. Hematological parameters analysis

Using Coulter's technique and a Medonic automatic hematological analyzer, hematological

parameters are calculated (Coulter Beckman -USA-).

2.4.5. Biochemical parameters analysis

Serum glucose, urea, uric acid, creatinine, and serum lipid (Cholesterol and Triglyceride)
levels were determined for each one using the commercial kit from Spinreact, Spain (ref:
glucose-1001200, urea-20141, uric acid-20091, creatinine-20151, cholesterol-20111, and
triglyceride-20131). In addition, were measured albumin, calcium, and total protein serum
using another commercial kit from Spinreact, Spain (ref: albumin-1001020, calcium-1001060,
and total protein- 1001290). Further, enzymatic activities of Lactate dehydrogenase (LDH),
Glutamate-pyruvate-transaminase (GPT), Glutamate-oxaloacetate-transaminase (GOT), and
alkaline phosphatase (ALP) were measured using commercial kits (Spinreact) (ref: LDH-
1001260, GPT-1001171, GOT-1001161, and ALP-MX41233) (Annex 04).

2.4.6. Hormonal parameters

2.4.6.1. Tri-iodothyronine, Thyroxine and Thyroid-stimulating Hormone
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FT3, FT4, and TSH hormone parameters were measured using Vitros ECIQ 2's automated
immunoassay by chimiluminescence procedure.

2.4.6.2. Testosterone (Serum)

Specifically designed Enzyme linked Immuno Sorbant Assay (ELISA) kits were used to

measure testosterone levels (Biocheck, Inc, USA) (Jahan et al., 2014).

2.4.7. Oxidative stress parameters
2.4.7.1. Homogenates preparation

The liver, kidney, brain, heart, and testicles, each weighing 1g, were all homogenized in 9
mL of Tris buffer saline (Tris 50 mM, NaCl 150 mM; pH 7.4). After homogenates were
centrifuged at 3900 rpm for 20 minutes, the produced supernatants were used to determine the

presence of oxidative stress indicators.

2.4.7.2. Determination of tissue proteins

< Principle

Using Coomassie blue as a reagent, which reacts with the amine group (NH,) of the
proteins to generate a blue complex, the tissue proteins were identified using a colorimetric
technique by a spectrophotometer. The intensity of the blue color is correlated with the
amount of proteins present, and its appearance indicates how ionized the acid medium is. At
At 595 n, the absorbance is measured nm (Bradford, 1976).
< Preparation of Bradford's reagent

100 mg of Coomassie blue really be dissolved in 50 mL of ethanol (95%), and the mixture
then needs to be shaken for two hours in the dark before 100 mL of orthophosphoric acid
(H3PO4) (85%) is added. Additionally, distilled water was used to fill the capacity to 1 liter,
and then filter paper was used to purify the resultant solution.
Note: For two weeks at 4°C, this reagent is stable.

e Procedure

We added 5 mL of Coomassie blue to 1 mL of the homogenate, and after five minutes, we

read the optical densities at 595 nm in comparison to a blank.

When determining whether or not there is protein present, the protein concentration is
compared to a standard range of bovine serum albumin (0.1-0.2-0.4-0.6-0.8-1mg/mL) that has

been carried out under comparable conditions.

2.4.7.3. Determination of malondialdehyde (MDA) level
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200 pL of sample and 800 pL of TBA reagent into the glass test tubes in the glass vise,
and then tightly cap the tubes. For 15 minutes, the mixture will be heated at 100°C in a water
bath. 30 minutes after being frozen in a cold water bath, leave the tubes open to let the
reaction's gases escape. Use a spectrophotometer to measure the supernatant's absorbance at
532 nm after 5 minutes of centrifuging at 3000 rpm (Yaki, 1976).

e Expression of results

Using the molecular extinction coefficient of MDA (&= 1.53.10° M™.cm-1), the concentration

of thiobarbituric acid reactive compounds (TBARS) was calculated. The outcomes were
presented as nmol /mg of prot (equation 08).

[ MDA (IIII]DI 'flmg of Pl"ﬂ'tj — oD Sample ](8)

1,53.10 E.mg of prot

2.4.7.4. Determination of reduced glutathione level

The optical density of 2-nitro-5-mercocapturic acid (TNB), a short-lived Ellman reagent
with SH groups present in GSH, which is generated from the reduction of dithio-bis-2-
nitrobenzoic acid (DTNB), is used to calculate the amount of reduced glutathione, according
to Weckbecker and Cory (1988)(Weckbecker and Cory, 1988).

e Procedure

200 pL of salicylic acid (0.25%) are mixed with 800 puL of homogenate samples. The
mixture was then centrifuged for five minutes at a speed of 1000 rpm. Additionally, 25 pL of
DTNB (0.01 mol/L) and 500 pL of supernatant were combined with 1000 pL of tris buffer
(tris 0.4mol, 0.02mol NaCl, pH = 8.9). After 5 min of incubation, the absorbance of the

reaction medium is measured at 412 nm.

< Expression of results
According to the following equation (equation 09), the concentration of GSH is expressed in

nanomoles per milligram of protein (nmol/mg of prot):

GSH(nM /Mg d ; DO % 1x1.525 « d
n e prot) =
( g de prot) 13133x 0.8 X 0.5 X mg de prot ©)
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= OD: Optical Density.

= 1.525: total volume of blend an mL.

= 13133: Absorption constant of SH groups at 412 nm.

= (0.5: Volume of the supernatant

= 1: volume of protein mixture.

= (.8: volume of homogeneous solution without protein exists in 1 mL.

2.4.7.5. Determination of Super Oxide Dismutase (SOD) activity

Super Oxide Dismutase is detected by evaluating the spectrophotometrically measured
absorbance at 560 nm utilizing the test technique of SOD activity using the NBT by the
superoxide anion (O2.-) (Beauchamp and Fridovich, 1971).

+ Procedure

The reaction was initiated by mixing 50uL of the sample with 1000uL of EDTA-Met
(0.2mM, 13mM) followed by 1800uL of Phosphate buffer (50Mm) and added 85 puL of NBT
and 22.6pL of Riboflavin. The same protocol used for blank, exceptionally an additional 50
uL of phosphate buffer has been added in place of the sample. The Absorption is measured at
560nm.

< Expression of results

According to equation (10) Inhibition percentage of NBT reduction by SOD was calculated:

__ DO blanc —DO Echantion
[Sﬂﬂ = 50 bl X 100 ] (10)

2.4.7.6. Determination of Catalase activity

The Aebi (1984) (Aebi, 1984) approach was used to assess CAT activity. The reaction was
initiated by mixing 20 pL of supernatant with 780 pL of phosphate buffer and 200uL of H,0,
(0.030 M) (KH2PO4, 0.1 M; pH 7.5). The drop in absorbance at 240 nm was observed every
30 seconds for 2 minutes in order to track the breakdown of H,0,. International units per
minute and per gram of protein (IU/min/g of protein) were used to express the enzymatic

activity (equation 10).

DF .g pro

[Catalase (U |/min) /g) — (2.3033,/T).(LogAl /AZ) ] (11)

Al: Absorbance at the first minute.
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A2: Absorbance at the second minute.

T: Time interval in minutes.

CHAPTER I: Materials & Methods

2.4.8. Histopathological study of liver, Kidney and Testicle tissues

The part of the liver, kidney, and testicles was removed from the rats after they were killed

and placed in fixative (10% formaldehyde) until it was time to prepare the slices for analysis.

The samples were dehydrated in ascending graded series of ethanol (60%, 70%, 80% and

100%), cleaned with xylene, and immersed in paraffin. Sections of 4~6 um were prepared

from paraffin blocks using a Histoline Rotary Microtome (Thermo Scientific (Micron HM

325)). Hematoxylin and eosin were used to color the image. Using a light microscope,

histopathological observation was performed.
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Figure 17 : Summary schema of the experimental protocol of in vivo study.
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2.5. Statistical analysis

The results obtained are expressed as the mean + standard error of the mean (Mean +
SEM). The comparison between the different groups is carried out after a Student T-test.
Statistical analysis of the data was carried out using the MINITAB (Version 13Fr), EXCEL
(version 2007), and significant differences between means were calculated using Duncan’s

multiple range test (DMRT) at p=0.05 using the SPSS (Statistical Package for Social

Sciences) version 26 software. Differences were considered significant at p<0.05.

v Significant (* P <0.05).
v Highly significant compared with the control (** P <0.01).
v" Very highly significant compared with the control (*** P < 0.001).
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Conclusion

CONCLUSION

The current study documented the synthesis and characterization of silver nanoparticles
using Helianthemum lippii L extract. In this work, the biological activity of Helianthemum
lippii and greenly synthesized silver nanoparticles were evaluated in vitro and in vivo against
toxicity induced by cadmium chloride in Wister rats', depending on to the obtained results we

can be conclude that:

H.lippii is extremely rich in bioactive components both qualitatively and quantitatively
through various analyzes including HPLC, This enables us to identify a new source of

bioactive molecules that may be utilized to treat a variety of diseases.

Silver nanoparticles were successfully synthesized, as shown by FT-IR, UV-Vis, EDX,
XRD, and SEM analyses. This indicates that H.lippii's aerial portions contain bioactive

compounds that are in charge of reducing and capping silver nitrate into silver nanoparticles.

Also, we may classify these compounds (H.lippii and AgNPs) as important biological and
medical molecules due to their powerful in vitro anti-oxidant, anti-inflammatory activity, and
protection for red blood cells. All of this opens promising hopes that they may be presented as

medicines or treatments against health relapses associated with these mechanisms.

AgNPs and H.lippii exhibit good antibacterial activity against the select bacteria; hence,
these two treatments approaches-especially AgNPs, which were the most effective-can be

employed in the future as nanoantibiotics against bacterial pathogens that affect humans.

The anticancer activity was evaluated based on the interaction of DNA and BSA with
exceptionally AgNPs. As a result, the obtained results provide insight into how nanoparticles
interact with DNA and BSA via electrostatic interactions. These interactions are beneficial
because they can alter the structure of DNA and slow down the process of cell proliferation.
Therefore, the nanoparticles are candidates for use as treatments for various cancers and, on
the other hand, in the potential development of drugs with enhanced or more selective

activity.

Thanks to the sub-acute toxicity investigation the aqueous extract of Helianthemum lippii and

the green-synthesized silver nanoparticles can be used safely and therapeutically

As physiological aspect parameters, our therapy with H.lippii and AgNPs ameliorates the
body weight and relative weights of the organs, which clearly supports the efficacy of
therapeutic compounds against the accumulation of cadmium chloride into the body.
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Conclusion

As Notably, H.lippii and AgNPs mainly curative treatment has potential protective effects
against hematotoxicity induced by cadmium chloride.

The beneficial effect of H. lippii and AgNPs approaches on restoring lipid profiles and
biochemical markers demonstrate the benefit of treatment against the toxicity of cadmium,
which is characterized by a metabolic imbalance and altered liver and renal function in
several biological systems related to our study data. Therapy systems also have strong

hepatoprotective and nephroprotective effects against this toxicity.

AgNPs and H.lippii treatments significantly improved thyroid function and halted the fall of
testosterone levels.

Our findings demonstrate that treatment with H.lippii and AgNPs lowers the level of
oxidative stress brought on by exposure to cadmium chloride by restricting radical
phenomena, repairing oxidative damage by lowering lipid peroxidation in the studied tissues
(liver, kidney, heart, testicles, and brain), and by improving the mobility of the antioxidant
defense, which also demonstrates another way that these treatments are protective against
pathologies connected to cadmium chloride exposure.

Our treatment has excellent protection capabilities that go beyond biological factors to the
microscopic level, demonstrating its strong protection in cell stability against oxidative stress-
induced liver, kidney, and testicular harm. This gives us the opportunity to make assumptions
about how these treatments would reduce any degradation that may be caused by cadmium or
another substance.

Finally, based on all of the above, we can conclude that H.lippii and AgNPs have
proven highly biologically effective at different levels, which opens promising hopes and

promotes their use in the medical field against various health problems.

Perspective
Given the importance of these results, they open experimental perspectives and other in
depth studies that should allow us to clearly identify:
v Dependence H.lippii is an excellent source for the synthesis of various nanoparticles.
v’ Evaluation of the protective effect of plant and AgNPs against certain chronic diseases
(such as cancer).
v’ Interaction study of silver nanoparticles with reverse transcriptase enzyme for
inhibition development VIH and Covid 19.

v Exploitation of the results for the formation of a start-up after obtaining the Patented.
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Annex 01: Calibration curve for estimation of phytochemicals compounds
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Figure: Calibration curve of Quercitin for determination of total flavonoids content.
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Figure: Calibration curve of Gallic acid for determination of total phenolic content.
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Figure: Calibration curve of Catechin for determination of condensed tannins content.
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Annex 02: Calibration curve for determination of capacity antioxidant of samples
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Figure: Calibration curve of Ascorbic Acid for determination of reducing power capacity
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Figure: Calibration curve of H.lippii extract for determination of reducing power capacity
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Figure: Calibration curve of Anthocyanin fraction for determination of reducing power
capacity
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Figure: Calibration curve of ethyl acetate fraction for determination of reducing power
capacity
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Figure: Calibration curve of Ascorbic acid for determination of total antioxidant capacity

y=0,3381x+ 38,309
R?=0,7645

120

100

80

60 /

40

Inhibition %

20

0 50 100 150 200
Concentrgtion pug/mL




Figure: Percentage inhibition of DPPH radical by H.lippii
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Figure: Percentage inhibition of DPPH radical by silver nanoparticule
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Figure: Percentage inhibition of DPPH radical by Anthocyanin
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Figure: Percentage inhibition of DPPH radical by dichloromethane fraction

Annex 03: Calibration curve of BSA for determination of protein level
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Figure: Calibration curve of BSA for determination of protein level.



Annex 04: Biochemical parameters analysis

' GLUCOSE -HK
SPINREACT (€
Glucose-HK
Hexokinase. Enzymatic - UV
Quantitative determination of glucose 4. Morand incubate for 5 min. at 37°C or 10 man. &t room tempevature (15-
VD 25C).
5. Read the absorbance (A) of the samples and caibrator, against the
Store al 28 °C Blank.
PRINCIPLE OF THE METHOD CALCULATIONS

Inase (HK ) catalyzes the phospharylation of glucose 1o . ¢
mpmw ((c,aL) Wﬂ:sm %L. formed mfwmm AASample - (AlBlank _ 400 Standard conc.) = gl glucoss In ihe sample

reduced to G-phosphogluconate In the presence of glcose6- {A)Standard - (A)Blunk
phosphate dehydrogenase (GBP-DH) wi the subsequént reduction of - Gonyersion factor: mgyd x 00555

NAD to NADH:
K QUALITY CONTROL
e 'AGT;;" Glcoss & poamee + A8 Control sera are recommended to moniior the perfomance of essay
GBP+ NAD* -~~~ B-Phosphogluconates NADH + H*  procedures. SPINTROL H Nomal and Pathologic (Ref. 1002120 and
The increase in concentration of NADH is proportionai tothe glucose  1002210).

concentation [ the sample'? M control values ae found outside the defined range, check the nstrument,
reagents and calbrator for problems.
CLINICAL SIGNIFICANCE Each laboratory should estabish Its own Quaily Control scheme and

Glucose is & major source of enengy for most cels of the body, Insulin  ormective actions If controls B0 ot meed the acceptable tolerances
faciltates glucose entry into the cels ;
Diabetes (s & disease manfested by hyperglycemia; patients win  REFERENCE VALUES

diabedes demonstrate an inablity o produce insulin'**. Serum or plasma:
Clnical agnosis should not be made on a singie test result, t should 80-110mgid = 3,33-6,10 mmolll
inlegrale chnical and other laboratory data. These values are for onentation purpose, each laboratory should estabish i
OWN reference range.
REAGENTS
REMIE o | PERFORMANCE CHARACTERISTICS
RY pH7, MMOIL | aasuring range: From detection imit of 0,16 mgleL 10 Aneary hmi of 600
Bule ATP 20mmolL | oy
Mg” 0.8 mmalL | M the resulls oblained were greater than linearty limit, dilute the sample 172
. with N&C1 9 gL and muliply the result by 2
o Wmmase (HK) ?0'2:‘ ffi Fiacisie
Enz Inira-assay (nw20) Inter-gssay (ns20)
e Glicose-G-phosphate (GEPOH)  1000UL |  [Mean (mgial)| 98 251 89 253
GLUCOSE CAL | Glucose aquecus primary standard 100 moldL S0 1.05 415 151 242 |
CV (%) 1.07 166 152 0.8
PREPARATION Sensitivity: T mg/dL» 0,0036 A.
Working reagent (WR). Dissaive ( -» ) the contents of one vial f R2  Accuracy: Results obtained using SPINREACT reagents (y) did not show
Enzymes In one bottle of R 1 Buffer, systematic diferences when compared with other commercial reagents (x).
Cap and mix gently o dissolve conlents. The results obtaned using 50 samples were the folowing:
The reagent is stable after reconstitution 1 month n the rergerator (2-  Cormeiation coefficient (1" 0.99
8°C) or 7 days al room temperature (15-25°C). Regression equation: ys1,0146x + 5,5029.

The results of the performance charactenstics depend on the analyzer used.
STORAGE AND STABILITY wonepe P o

Al the components of the kit are stable until the expiration date onthe  INTERFERENCES
label when stored tightly ciosed at 2.8°C, prolected from light and  Hemaglodin up 1o 18 g/L and billrubin up to 100 mgiL, do not interfere

contaminations prevented during thesr use, A list of drugs and other interfeding substances with glucose detemmination
Do ot use reagents over the expiration date. has been reponed by Young et. a*.

Signs of reagent deterioration:

« Presence of particles and turbicity. NOTES

. Blank absorbance (A) & 340 nm 2 0.30. 1... GLUCOSE GAL: Procsed carily wih ¥is poduc becaise e s



SPINREACT (( CREATININE -J
Creatinina
Jafté. Colorimétrico - cinético
Determinacion cuantitativa de creatinina
D 4 Mezttar y paner en marcha ef cronbmetro.
5 Leer la absorbancia (A,) &l cabo de 30 segundos y al cabo de 50
Congarvar 4 28°C saqundos (Ao) de ka adicion de la muestra,
6 Cakular AAeA, A,
PRINCIPIO DEL METODO
El ensayo de |a craaning esta basado en la feaccion de la creatinma con CALCULOS
dmammwm A Mot A Bics
La creatinina reacciona con ef pirato alcaing fomnando un complers ¢ 2 (Conc. Palrbn) » moldL de creatining en la mussira
roj20. E1 inervalo de iempo escogido para las lecturas permie elimingr 44 Patron « 4A Blanco
gran parke de a2 mlaferencas conocidas del método , Factor de conversion: ig/eL x 88 4 « ymolL.
Lo intensided del color formado e proporcional & [ concentracion de
FA A ) CONTROL DE CALIOAD

SIGNIFICADO CLINICO

La cealinng es o resultado de ln degradacion de ln crestina,
componente de (o8 misculos y pusde ser ¥ansformada en ATP, fuente
e envargia para | chluiss.

La produccidn de creafnina dépende de la modificaciin de la masa
muscular, Viaria poco y los nivels suslen sor muy estables.

Se elimna a fraves del ion. En una nsuficencia renal progresiva hay
una retencidn en sangre de e, cralining y Acido Grico.

Nimlas atos da creatinina son indicatives de patoiogia renal'*

E) diagnostico clinco debe realizarss ianiendo en cuenta lodos los dalos
clinicos y de isboratorio,

REACTIVOS
R1

, Aeido picrico 17,5 mmolL
Aeactivo Plerico
R2

. Hidroxido stdico 0,29 mobL.

Resclivo Alcalinizante
CREATININE CAL | Patron primario acuoso de Creaining 2 maidl
PRECAUCIONES
R/ R2: H314-Provoca quemaduras graves en |a plel y lesiones ocuars graves
CAL: H250-Pueda ser cormosvo para los metales.
Seguir los consejos da prudencia indicados en la FDS y efiqueta del product
PREPARACION
Reactvo de wrabajo (RT): Mezdsr volumenes usles de Rt Rescivo
Picrico y de R2 Reactivo Akcalnizante

Estabilidad del reactivo de trabojo: 16 dias & 28°C o 7 dias & lempératura
ambignie (18-28°C).

CONSERVACION Y ESTABILIDAD

Todas s componentss cel kit san estables, hasta & hecha do caduodad
indicada en | etiqueta, cuando s& mantienen los frascos bien cerrados 8
248G, protegicas de I kiz y 5o enita Su contaminacion. No usis reacbvos

Es conveniante anakear junto con las muestras suetos contrdl valorados.
SPINTROL H Norma! y Patolbgico (Fef. 1002120 y 1002210).

Si los valores hakados se encuentran fuera del rango de toleranaa, revisar of
instrumento, los reactivos y o caibradr,

Cada inboralodo debe disponer su propl Control de Caidad y establecer
cotrectianes en of caso de que |08 controles no cumplan con 1as dolerancias.

VALORES DE REFERENCIA'
Suero 0 plasma.
Hombres 0714 mgidl
Mueres 0611 mgid
Orina. 15-26 mo/Ka/24 h
Hombres 1020 myKgyd h
Mueres B 18 mgKg24h

Estos valores son orentabvos. Es recomendable que cads laboraldo

esiablezca sus propios viores de referenda

3 014-1237 pmall.
& 530 7.2 ol

CARACTERISTICAS DEL METODO

Rango de medida: Desde el imile de defeccion dé 0,000 mgkiL. hasta el imite
de neaiidad de 35 mgidL

Si la concentracon es supsnor 8l limae de linealidad, dilur o muestra 12 con
CiNa 8 gL y multipicar ¢l resultado fnal poc 2.

Procision:

llrasene (1=20]_|
Meda (ngidl)| 092 | 343 |
0| om | oo 004 008
oy o [ 10 | 3w [ 2

Sensibllidad analitica: | mg'dL « 0,0407 AA/min.
Exactitud: Los reactvos de SPINREACT (y) no muesyan diferencias
sistemalicas signilicativas cuando & comparan con olfos reactvos comerciales
).

L resultados oblensdos con 50 muestras fueron los siguientes:
Conficiente de correlacién (10 99584

Ecuacion de la recta de regresian: ys 0,953x + 0,075

Las caracteristicas del método pueden variar seqin of anakzador ublzado.

Intersené {n=20)
0.9 350




UREA-UV

Urea-UV

Ureasa -GLDH. Cinético UV

(€

Determinacion cuantitativa de urea
IVD

Conservar a 2-8°C

PRINCIPIO DEL METODO

La ureass calaliza (8 hidolisss de |a uren, presents én la muestra, en
amoniaca (NHy) y anhidrido carbénico (COy),

El amoniaco lormado & ncorparan al a-cetogulansto por accidn de la
glutamato deshidrogenasa (GLDH) con axidasion paralels de NADH a
NAD":

Um.u,o.sz.zNH, C0;

2N, # o-Celoglutarato ¢ NADH ———— H:0 + NAD' + L-Ghutamato

La dsminuion de ks concentracion de NAD' mlmodoos proporciondl
& [ concertracion de urea o [a musstrs ensayada’

SIGNIFICADO CLINICO

Lt uret e f resullado finat del metabalismo de |45 proteinas; s forma en
of higado & partit de su destruccidn.

Pusde aparecer la ures elevads en sangre (uremis) en detas con exceso
de proleings, enfeemedadas renales, insuficiencia caniaca, hemorragias
ghstricas, hipovelamia y obstrucciones rensles '

E! diagndstico clinion debe realizarse teniendo en cuenta todos los datos
clinicos y de laboratano.

REACTIVOS
R1 TRISpH78 B0 mmolL
Tampdn | a-Cologlutarglo 6 mmalL
R2 Ureasa arsouL
Erinve Glutamalo deshidrogenasa (GLDH) 6000 UL
b NADH 0,32 mmolL
UREA CAL | Patrdn primark acuoso de Lvea 50 mg/iL
PREPARACION

Reactivo de trabaio (RT). Disolver ( = ) &l contenido da un vial de R 2
Enzimas &n un rasco de R 1 Tampdn,

Tapar y mezciar suavemente hasta disalver su contenido,
Estabiidad. 6 samanas a 2-8°C 0 7 digs & 15-25°C.

CONSERVACION Y ESTABILIDAD

Todas kot componentis del kil son estables, hasta ks lacha de caducdad
ndicada on | etiqueta, cuando & manenen 10 frascos bien cemados 4
20°C, protegidos de |4 kiz y se evita su contaminacion. No usr reactvos
fusra de la fecha indicada.

Indicadores de deterlora de los reactivos;

+ Prasencia de partioulas y lurbidez.

« Absarbiancia (A) del blanco & 340 hm < 1,00,

MATERIAL ADICIONAL
- Espactrofotbmetro 0 nallzador para lecturas a 340 nm.

CALCULOS
(A1-A2) Mugsta - (A1-A2) Bico
(AL-A2) P - (A12) B

Ml urea « 0,486 = ML e wea BUN (Biood Urea Nivogen)'
Factor de conversion: mydL x 0,1665 = mmoll

CONTROL DE CALIDAD

Es convenients analzar junto con |as muesiras sueros control valorados:
SPINTROL H Normal y Patoldgico (Ref. 1002120 y 1002210).

Si o8 vakies halados se encuentran luera del rango de lolerancia, revisar
& instrumento, kos reactivos y e cabrador,

(Cada |aboralorio debe disponer su propio Control de Calidad y establecer
comeccones en el caso de que los controkes no cumplan con las
lolerancias.

VALORES DE REFERENCIA'

Sueo: de 15845 myldL (2,497 49 mmoil)

Orina:  de 20 & 35 /24 horas

Estod valores son orentativos. E8 recomendable que cada |aboratorio
eetablB2Ca SUS Propios VEOrES (e relBrencia.

CARACTERISTICAS DEL METODO

Rango de medida: Desde & limile de deleccidn de 1241 moidL hasta el
[ifrute de ineafidad de 530 mg/dL

Sl la concentracion ea superior al limite de Inealdad, diuir la muestra 12

% 50 {Cone. Patrba) = mguil de wea en la muestia

¢0n CINa 9 giL y mutiplicar e resutado final por 2
Precision.
Inirasefie (n=20) Witérsene (n=20)
O] 7 | 130 405 128
gr 088 | 100 118 207
OVl | 216 | 07 2 161

Sensibilidad analitica: 1 mg/dL = 0,00080 AA.

Exsctitud: Los reactivos SPINREACT (y) no muestran diferencias
sistematicas signiicativas cuando se comparan con obos reactivos
comerclales (x).

Log regultacos oblenidos con 50 muestras fueron 108 siguentes:
Coeficlente de comelacion (1) 0,898,

Ecuacion de le recta de regresion. y= 1,5750x + 11577,

Las caracteristicas del médodo pueden variar segin el anallzador ublizado.

INTERFERENCIAS
camanﬁmagﬂmsemndalahewm EN ningUn caso daben
utizarse Saks 08 aMonio 0 oL’

S han descrito vaias drogas y obras substancias que interfieren en [
determinacidn de la urea™

NOTAS



SPINREACT (€ | URCACD
Acido rico
Uricasa -POD. Enzim4tico colorimétrico
Determinacin cuantitativa de dcido rico skismon
" Suero o plasma
mmﬁ:m L T8 Cor. at) gl e oo o s

El &eido drico €8 oxidado por 18 uricasa a alemoing y pertxido de
hidrbgeno (2H,0;) que en presencia de peroxidasa (POD), 4-
aminolenazona (4-AF) y 2-4 Diclorofenol Suenato (DCPS) forma un
compuests rscs
Acido Urico + 2H.0 40,
240, 4 4AF + DCPS s Quinonsinig + 40
La Imensidad de quinonamina foja formada &8 proporcional a 1a
concantracion de &cido Urico presents en |a muestra ensayada’

SIGNIFICADO CLINICO
El 4cido (rico y sus sales son el producto final del metabolismo de las
purings. En una insuficsencia renal progresiva hay Lna retencion en

2 partina + CO, + 2H0,

Qrina 24 b
(A) Muostra -+ {A) Blarco
(A} Pattn - {A) Blanco

Factor do conversion: mgdL. x 59 5 pmall

CONTROL DE CALIDAD

Es conveniente analizar unio con |as muestras sueros control valorados
SPINTROL H Nomal y Patolbgico (Rel 1002120 y 1002210).

Sl los valores hallados se encuentran fueva del rango de tolerancia, revisar
el Ingtrumento, ios reactivos y el callbrador,

Cada Iaboratorio debe dsponsr su propio Conrol de Caldad y estabiecer
cormecciones en & caso de que ks controles no cumplan con las
loRrancias.

x 8 xval, (dL) orina/24h « mg/24 h de Acido wico

sangre de wea, creatining y 4cido Urico, .
Nieses altos de Bcido Urco son indcalivos de patologla mnal y  VALORES DE REFERENCIA
generalments se ssoca con la gota'** Suefo o plasma:
El diagndstico dinico debe reallzarse tenendo en cuenta todos los Mujerss  25-68mgidl  » 149-405 pmolL
datos clinicos y de laboratono. Hombres 36-77mglll = 214-458 pumoil
REACTIVOS Orina: 250 - 750 mgi24 h w 1,48- 4.5 mmoli24 h
? 1 TR 50 Mol Estos valores son odentallvos. ES recomendatie que cada |abaralord
R 1y estableaca sus propios valores de relerencia,
Tampon 24 Diclorolenal Sulonaio (OCPS) 4 mmallL
s TUL|  CARACTERISTICAS DEL METODO
R2 Pescuidasa (POD) BEO UL Rango de medida; Desde el limile de defeccion de 0,00 mofdL hasta el
. fimie de Ineilidad de 40 mgieL.
Enzimas Aucarbats quidesa 20UL| g a concentracion es supérior & mite de Inealidad, diluir 8 muestra 12
4-Ancinazon (W) 1mmoll | con NaCI 9 giL y multplicer & resuado fnal por 2.
URIC ACID CAL | Patrtn primanio acuoso de Acido (oo Bmoil |  Precision:
Inraserie (n=20) Interseria (1=20)
PREPARACION , Meda gl | 474 | 1055 | |47 10.50
Reactivo de trabajo (RT). Disolver (- ) &l conenido de un vial de R 2 S0 0,02 0.03 013 0,29
Enzimag en un Irasco de R 1 Tampon. Tepar y mezciar suavemenle ™ Gy %) 0,50 0.30 267 217 |

hagta dsoiver su contensdo. Estabiidad: 1 mee én navera (2-8°C) o
10 dias & lemperatura ambiénte.

CONSERVACION Y ESTABILIDAD

Todos o8 compomm del ki son estables, hasta |& lecha de
caducided indicada en la etiqueta, cuando se mantiene los ascos
bien cerados a 2-8°C, protegidos de ] bz y 8 evita su
contamnacion. No usar reactvos fuera de 1a fecha indicada
Indicadores de deterioro de los reactivos:

- Prasencia 08 paricusas y wrbidez.

- Absorbancia (A) del blanco a 520 nm 2 0,16,

MATERIAL ADICIONAL
- Espectrolotdmetro o analizador para lecturas & 520 nm.

Phcboc 84 AR ses di b e b

Sensibilidad analitica: 1 mgidL = 0,02930 A,

Exaclitud: Los reactvos SPINREACT (y) no muestran dilerencias
sislematicas significabves cuando se comparan con oS reactivos
comerciales (x).

Los resultados oblenidos con S0 muestras fueron 108 siguigmes:

Coeficiants de comelacon (r)". 0,87137,

Ecuacion 02 ta rects de regresibn. y=1,162x + 0,14156.

Las caracteristicas del método pueden variar sagln el anaiizador ullizado.

INTERFERENCIAS

No %@ han obeervado imederencias con billmubing hasta 170 pmollL,
hemoglobina hasta 130 mgidL y Acido ascdrbico hasta 570 pmollL”.

Se han destrilo vanas aogpg. y olras substancias que Intertieren en la



( € CHOLESTEROL

SPINREACT
Cholestérol
CHOD-POD. Enzymatique chiorimétrique
Détermination quantitative de cholestérol 4. Néanger el incuber pendant exactement § minutes & 37C ou 10 min. &l
VD termpérature smbinle
5 Lie [sbsorbation (A) Gu paion e [échantllon, en comparaison svec b
Congarver & 2.8°C bilane du réactl. La couleur reste stable pendant au moins 60 minules.
PRINCIPE DE LA METHODE CALCULS

Le eholestérel peésant dans |'échantiion donos liew & un composé colord,

suivant | réachon sutvante:

Cholestée st + .0 5.y el + Acdes gras
Chfestieol+ 0, 2., ¢ Chilestinone ¢ K0,
24,0, 4Pl + b Amincohéngione -y Quineninine + 4H0

Lintensité de & coukeur formée est proportonnelle 4 (4 concentrabion de

cholestirel présent dans ['échantilon testd' *
SIGNIFICATION CLINIQUE

Le cholestérol esl une substance grasse présents dans loutes les celuies
de lorganisme. Le foie produl naturedement lout le cholesténol dont il &

besain pour former fes mambranes callulaires el pour produlte caraings

homones. La délamingtion du cholestérol est fun des outils les phis

mportants pour diagnosbues el ciasafie b Tpmes. | sugmentation by

niveay de cholestérol est ['un des facteurs d risques candiovasculaines
t

Le disgnostc cingue dol teni comple des données cingues f de

(A) Ectuastilion - { A Blac x 200 (&talon cong ) = mgidL de cholesidrol dang [échantiion
(A Exabons - (A Bl

Facteur de conversion: mg'dlL x 0,0258= mmelL.

CONTROLE DE QUALITE

Il st corvesilés d anayser conjointement las dchantiions de sérum dont |es valeurs
ont @é contrblées: SPINTROL H Normal el pathologque (RS 1002120 o
1002210)

S0 s vatkeurs se rouvinl en dehors des valeurs tolérées, analyses ['nstrumenl,
Ik réachls el le caibreur

Chagque taboraloke doll dispaser de son propre contrble dé quakte &l dédarmings
les mesures comectives & melire én place dans |e cas o) les vérfications ne
corespondraent pas dux allenes.

VALEURS DE REFERENCE
Evalustion du fisque* *
Moing de 200 mgidL Normal
200-239 my'dL Modéré
2240 Elevé
Ces valeurs sonf donndes & lire d'information. Il a5t consedié A chaque |sborstoire
e léfin 545 propres valewrs de rélérence.
CARACTERISTIQUES DE LA METHODE
Gamme do mesures: Depus i imile de déleaction de 0 my/dL jusqu's ks Imile de
lindarté de 500 mo'dL.,
il cancantration de I chantibon est supdeure A ka limite de inkarié, diluer 112
avec du CINS 9 oL el mulbipher je résuital fnal par 2
Précision:
Intra 44e (n=20) Inter-série (n=20)
Mayenne (mail) | 904 187 928 183
SD 1.18 101 | 198 2.3
CV (%) 127 0.54 24 124

laboraloie.
X PIPES pHBS 90 mmallL
Tampen | phénel 26 mmolL
Cholestivol estérase (CHE) 300 UL
Entymes Peroxydase (POD) 1250 UL
4 - Aminophénazone (4AF) 04
mmolL
Palron primaie de Galeclion du
CHOLESTEROL CAL | cholestérol 200 mgdL. Contient Triken X-
114 10-15%
PRECAUTIONS

CAL . H225 Uiguide &t vapeurs irds inflammables. H316: Provoque des

lésions oculaires graves. HA12- Nodl pour les organismes aquatques,

ertraine des effels néfastes & ong terme

Suivez e canseis de prudence domnés en SDS &l éliquette.

PREPARATION

Réact de travad (RT): Dissowdre | - ) b contenu &'une capsule

d'enzymes R 2 dans un 1 fiacon de tampan R 1.

Refermes o méanger doucament jusqu'd ca que le contenu sail dssout

Sensibilité analytique: 1 mgidL = 0,00152 A

Exactitude: Les réactifs SPINREACT (y) ne monlrent pas de dilférances
syutématiques signficathes lomquion ks compare & daules réactfs
COMmMEerciaux (x).

Les résulats cblenus avec 50 échanbilons onl && les suivants.

Cosfficient de comdalion (. 0,89541.

Equation dé I Coubire de régression. y=0,95280x - 3,020.

Les caractivistiques de b méthode peuvent varies Suivant |'analyseur employé,

INTERFERENCES
Aucune intesférance dhémoglabing n'a &é constaté jusqu'd 5 gL el belirubing



SPINREACT (€| TRIGLYCERIDES
Triglycérides
GPO-POD. Enzymatique colorimétrique
Détermination quantitative de triglycérides Barc | Wodde | Echaniiion
IvD RY (md) 10 10 10
Modéle "= (L) . 10 .
Conserves & 24°C — _ : 2
PRINCIPE DE LA METHODE 4. Mélanger of incuber & minutes  37°C ou 10 min. & lempérature amblante

Les trigfycerides incubés avec de & lipoprotéinipase (LPL) ibévent du glyoérol
ef des acdes gras fibres. Le plycerol est phosphorfase par du
ghycérophosphate ceshydrogénase (GPO) et de [ATP en presence de glycérol
kinase (K ) pour produre cu glycérol-3.phosphate (G3P) et de l'adéncsne 5.0l
phasphate (ADP). Le G3P est alors transformé en diydroxdacélone phosphate
{DAF) et en peraxyde dhydrogéne (H,0,) par e GPO.

Au final, le peroxyde d'hydrogéne (H;0) réagt avec du 4-amincphénazane (4:

AF) et du pchiorophénol, réaction catalysée par la pecoxydase (POD), ce qu
donne une couleur rouge:

Tiolcdes + ) e Gl + Acdes g e

Gt + AT ——PIBIE .

6P+ 0, PO, AP+ 10,

Hi0y+ 4AF + pLhicraphénal -Eog-ﬂ CQunone + HO
Lintensie de la coulewr formée st propocbonnelie & I concentraton de
ingiycérides présents dans [échantilon testé .

SIGNIFICATION CLINKQUE

Les trighycéndes sont des grasses qul foumissent 2 la cdlule son énerge. Tout
comme ke cholestéeed, is sont transportes vers les cellules de [organisme par
les Iipoproténes du sang.

Un régime fort en graisses saturés ou en carbohydrates peut dever les niveaux
de tnglycéndes.

Leur ugmertation est refativement neutre. Diverses maladies, lelies que
certaines dyshonctons hépatiques (cirhose, hépattie, obsiruction Um)w
diaates melitus, pauvent éire associées 3 des hausses de e

Le dagrostque dinigue doft ftenr comple des domnées clnigues ef de
laboratoire.

5 Lire ['sosorbason (A) du patron ef [échamlion, en comparatson avec le blanc du
réactf. La couleur reste stable pendant au mains 30 minutes.

CALCULS
{ A\Echantion

% 200 {modde conc.| = mgidl de inghycende dans [echanslion
(A) Mocele
Facteur do conversion: mg'dL. x 0,013 = mmollL.

CONTROLE DE QUALITE

Il est consetle d analyser conjointement les échantiions de sérum doet les vakeurs ont
4 contrtiées: SPINTROL M Normal et pathologique (Ref. 1002120 et 1002210).

§i les valews se trouvent en dehoes des valeurs doksées, analyser linstnument, les
réachfs ef le calbrew.

Craque laboealoire dof dsposer de son propre contrile de qualte of déterminer les
mesures coTechves 3 mefe en plxce dans le cas ou les vénficatons ne

camespandraient pas aux atientes.

VALEURS DE REFERENCE
Hommes: 40 « 160 myial
Femmes: 36« 1% mgiel

Ces valews sont données 4 bire d'information. 1 est consedlé & chague laboratolre de
definir ses propres valeurs de référence.

CARACTERISTIQUES DE LA METHODE

Gamme de masures: Deputs & kmite de délection de 0,000 mg'dl jusqu la bmite de
Iindartté de 2200 meydL.

$l & concentration de Véchantilon est supénewe 3 fa imde de Indante, diker 122
avec du CiNa 9 gL et multipber le résultat final par 2.

Précision:

Inraséne (n=20) | [Cinter-série (n=20)

108 211

Moyenre (moid)| 103 | 219
50

041 | 083 | [ am | 780
TV N S

_REACTIFS

R1 GOOD pH 78 80 mmalil

[ Tampon 2. Chiorophénd 2mmoll,
Upaprodéine lipase (LPL) 150000 UL
Glycérol kinase (GK) 500 UL

R2 GMW (GPO) 2500 UL

Enzymes Peronydase(POD) “0uL
4« Aminophénazone (4AF) 0,1 memolL
AP 0.1 mmobL

TRIGLYCERIES CAL mm«mammzm

PREPARATION

Rétactil de travad (RT): Crssoudre ( 5 ) ke conteru dune capsuie @ enzymes R

2 ef un facon de tampon R 1,

Rt 1001210 Réacl de aval (RT) Reconstifuer (5 ) le comenu dune

cnnside docssman MM doca I8 cd de e N

(R | 1
Sensbité anatoue. 1 myyaL = 000137 A
Exacttude: Les réactfs SPINREACT (y) ne manirent pas de diférences systématiques
signficatives lorsgu on les compare & d'aulres rtactis commerciaux (x).
Les résuitats oblenus avec 50 écharlions ont &6 les suivants
Coefficient de cormétason (rf: 0.99760.
Equasion de ka Coutre da régression. y=0,905x +10,77
Les carachérisigues de ka méthode peuvent vaner sulvant [analyseur employe.
INTERFERENCES
Aucune inferférence n'a eté relevee avec blindine squ'a 110 umoilL et hémoglobine
jusqua 16 gL
Difésentes drogues ont &t décrites anal que dautres substances qui peuvent
inertre kors Ce (2 déterminaca de la toghycendes



SPINREACT

(€ CALCIUM-A I

Calcium
Arsénazo I, colorimétrique

memam

Consarver § 28°C

PRINCIPE DE LA METHODE

Le calum, en mitey neutre, forme un complexe de couléur bey svac
Farsénazo Il (scide 1 8-dihidron-3 6dsulo-2 T-naftslenendis (az0)

dibenzensrsonique

Litensité de coveur st directament
caltium présent dans [ &chanlifon featd'

SIGNIFICATION CLINIQUE

Le calcium est le mindral [ plus abondant &l | plus impontant du cors

humain, B est présent & 93 % dans les 08,

Une réduction des nivisaux & Sbuming provoque ne réduction du caltium
dang e séum. Des niveaux bas de caltum pawvent &lre dus & un
hypoparatiroidisme, & un pseudotypoparatioldisme, & un ddfial  oe

proomele & la qunié de

vitaming D, & de la malnutriion ou & un probiéme dabsorplion,

La majorté des causes dhypercalcmie sont duss & des maladies
oncologiques, & des inloications par 18 vitaming D, & une augmentation
de l rélenlion rénde, & we ostéoparose, & une sarcoldose, & une

lirelancose el & un hypesparatiroidisns

Le digpontc dob rendee en comple s domdes clniques el de

laborsioire.
REACTIFS

R
Arsénaz

Tampon midazoke pH 65
Arsénazo i

100 mmollL
120 mmollL

CALCIUM CAL

Patron prenare t célecton

10 miL

PREPARATION

Le rhactT f e modble sont prés & [enloi.
CONSERVATION ET STABILITE

Tous les composants du ki sonl Stables jusqud (8 dale de péremplion
indiquée s [diguette dy Racon, o si les facons sont maintenus
hermibquement fermés & 2.8°C, & Fabei de ta lumibre el des sources dé

contamination. Ne pas ulifisar Jas réactifs an dehoes de |s dste indiguée.
Indices de détérioration des réactifs:
« Présence de paticuies ¢ lurbidie.
- Absorbation (A) du blane & 650 nen 3 0,50.

MATEREL SUPPLEMENTAIRE

« Specirophotométee ou analyseur pour 1es lectures & 650 nm.
- Cuveties de 1,0 om d'éclsrage

« Equipamen csssique dé |aboratoire Pemeee s

ECHANTILLONS

- Shrum ou olasma’ Séoaré dis aus posshle des hématies. Ne nas

Uting 24 b (A) i - (At X 10 x v, (8L) urine/24h = miy24 h de calcum
() Etalon - {A )l
Factour do conversion: mgidL x 0,25= mmoiL.

CONTROLE DE QUALITE

I st consellé dansyser conjoiniement les dchantilons de sérum dont les
vatleurs ot & conrdlées. SPINTROL H Normal &l paimelogique (R&1. 1002120
¢ 1002210).

S0 168 valeurs S trouven! en denors des valeurs lolérées, anslyser [ingtrument,
J& réachi et le maténel délalonnage

Chague labaratoire doil dispaser de sen propee contrile de quakté of déemines
les mesurss comecives & mellre en place dans | cas o les védfications ne
comespondraint pas aux attenies.

VALEURS DE REFERENCE'
Sdrum ou plasma;
Adlles BS105mg/L = 2126 mmoll
Erfant 02myd = 2530 mmoll

Nowetuoées  B13mgdl = 200325 mmoll

Urine:

Adultes S0-300my24h 5 125750 mmol2d h

Enfarts B-160my24h = 24 mmol2d h
Ces valeurs sont donndes & thre dinformation. || es! conseild & chaque
[aboratoire de défini ses propres valeurs de rfitence.

CARACTERISTIQUES DE LA METHODE

Garmme de mesures. Deguis |y imie de déiacion de 0,026 myel. jusqud la
Jimil de fndartd de 32 myl

S 1 concsn¥ton de [échantilon es! supieurs & b e de inéssté. it
112 avec du CINa 8 gL e muigir ke résuka i 2.

e

Inira-séeie (0e20)| | Inter-shie (n20)
Moyenne (moioL)| 835 | 1428 | [ 858 | 1447
SD 008 | 008 |[019] 034
V(% | 005 | 059 | [ 228 | 231

Sensbité anaytique: 1 mo'dL = 0,0316 A,

Exactiude. Les réacls SPINREACT (y) ne montient pas de diffbrences
systémaliques signficatives lorsquon les compare & daulres réactifs
commercisux (x)

Les risuliats oblenus avec 50 chantllons ont &1é les suivants:

Coefficient de coméation (1), 0,9506.

Equation de |a Coubre de régression. y=0 B4dx + 13421,

Les caractivistioues de ks méthode peuvent varier sulvant | analyseur employé,
INTERFERENCES

Triglycérides 1,25 gL, 'inkarfieun pas

Diffésentes drogues ont &16 dacrtes sinsi que  dubres substances qui interésent
dans la détemination du caltium' *
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SPINREACT

(€ | ALBUMN
Albumine
Vert de bromacrésol, Colorimeétrique

Détermination quantitative de I'albumine
IVD

Conserver § 2.8°C

PRINCIPE DE LA METHODE

Lsbumine se combine & vert de bromocrésol, & pH ibgieement acde
ertrainant un changement 08 couieu de indios, passan du aune ver au vert-
bleuté, ef proporionnel & 1 concentration dabumine présente dans
Féchantilon esss' 24

SIGNIFICATION CLINIQUE

L'iburning st [une des protéines plasmitiquas les plus importantes produile
par e foie,

Parmi sa5 multiples fonctions, on reliendra 1a nutrition, Téntretien de |a pression
andolique el | kanspont des substances telles que la Ca*, 1 biirubine, les
acides oras, |6s drogues o s stéroldes,

Des perurbations dans les valeurs de [albuming signalenl des matadies du
foie, une malnulrition, des iésions de |8 paau leles que de fa dermatile, des
briiures importantes ou une déhydeatation’ ™.

Le diagnostic clinigue dol fenir comple des donndes cliniques el dés données
de fabaratoie

REACTIFS
R Vit de bromocrissal phf 4.2 0,12 mmoilL
ALBUMINE CAL | Etalon primaire de détaction de [abumine 5 gidl
PREPARATION

L riacsl ¢ bs Mslon sont préls & [ emplo.

CONSERVATION ET STABILITE

Tous s composants du kit sot slables jusqu's |a date de pérempbion indiquée
sur Fédiguette du flscon, et si les facons sont maintenus  hesméliquement
femés & 2.6°C, A Fabii de fa lumidre of des sources de contamination. Ne pas
Ubiser e ractifs an dehoes da 8 dste indaquée.

Indices do détérioration des réactifs!

. Présgnce de particues o lurbidié.

+ Absorbation du blanc & 630 nm > 040,

MATERIEL SUPPLEMENTAIRE

« Specirophotometrs cu andlyseur pour les lactures & 630 nm.

« Cuveties de 1,0 om d éclarage.

+ Equipemen| chassique de laborataire,

ECHANTILLONS

Sérum ou plasma sans hemolysis’. Stablit 1 mois & 2.8°C ou 1 semane &
16:26°C.

CONTROLE DE QUALITE

Il est consadlé danalyser conjoiniement les dchantilons de sérum dord Jes
vaeurs ont été contritées: SPINTROL H Nomal et pathologique (R&F. 1002120
1 1002210).

8 les valeLrs s trouvent &0 dehors des valeurs lolirbes, andyser linstument,
Jog riactifs e le calibeeur,

Chague |sborstoire dol disposer de son propre contrble de qualité &l délermines
164 mesures corraciives & metire en place dans fe cas od les vérifications ne
correspondraient pas aux altentes,

VALEURS DE REFERENCE
3546004
Ces valews sont donndes & filre dinformation. I es! conseillé & chague
[aboratoire de défing ses propres valeurs de mférenos.
CARACTERISTIQUES DE LA METHODE
Garnme de mesures: Depuis | limte de délection de 00349 mo'dL jusqu'd 18
limife de Iinéarté de 6 myleL.
Sl 1a concentration de ['échantiion est supérsure & 18 mile de indanté, diuet
112 avec du ONa 9 gL et muipher be résultal findl par 2,
Préceision!
Inlra-sécie (me 20) Inber-série (ne 20)
Moyenne (L) | 417 | 284 48 | 307
SD 002 ] 001 | 028 | 018
CV (%) 042 [ 083 6,20 5.80

Sensiblité snahtique 1 g/dl = 02003 A

Exactiude’ Les réactis SPINREACT (y) ne montrent pas de différences
sysiémalioues significalives lorsqu'en 18 compare & dsubes réaclife
commerciaus (x).

Les résultats oblenus avee 50 dchantlions ont &1 ks sunants:

Coeflicient de combation (¢} 0,89169.

Equation de 1 Coubre de régression: y=1,045x - 0,028

Les caraciéristiuas de a méthode peuvent varier suivant [analyseur employd,

INTERFERENCES

La biliubine usgu'd 110 moll, Ihémoglobing jusqua 1 giL el & lipémie jusqu's
10 gL, inferfirent ',

Différentas drogues ond 416 décriles aingi que dautres substances quiimerfiet
dans ta dslarmination de ['sumine® *.

REMARQUES

1. ALBUMINE CAL: Etant donné | nakire du produf, il es! conseillé de fe
manipuler avec précaution. En effel, § peul Alre facilement contaming,

2 Le calibrage & moyen du patron de déection peut donner e & des erreurs
systématiques lors de méthodes utomatigues. Dans de lals cas, i asl
conseilé dutiiser des calibrages sérques

3 Utiises des embouls de pioeties jetables propees pour diffises e produl.

4.SPINREACT dispose de consignes détaillées pour Fapplication de ce
roactif dans différents analyseurs.



SPINREACT

GPT (ALTI-LQ

GPT (ALT)

NADH. Cinétique UV. IFCC rec. liquide

(€

Détermination quantitative d'alanine amino transférase
GPT(ALT)
IVD

Consarver § 28°C

PRINCIPE DE LA METHODE

L'isnine amino bansfirase (ALT) infislement appebde bransaminase
glutamique pyruvique (GPT) calalyse be Wransfer! réversble dun groupe
animigue datanine vers [aipha-obloglutarate & formaton de glulamate &t de
pyfuvale Le pyruvale produll est rédull 0 ctale en présence de lactate
déshytrogénase (LOM) et NADH:

Alaine + acamm—-‘i!—,mm. Pyruvate
Pyl + NADH +H' oy Lacts 4 NAD'
Lavitesse de réduction de & concantration &n NADH au centre, détaminés
phatomélriquament, et propartiannielle & | concentration catalytioue d ALT
dans ['échantiion’.

SIGNIFICATION CLINIQUE

UALT st une enzyme inlraceluiaice, qui e trouve principalement dans Jes
cellules du fore et des reins.

Son meillew avantage esl e dgnostic de maiadies du foie.

On [abserve en grandes quantiés dans le cadre de maladies hépabiques,
10les que Mhépatite, [es makadies du muscles el das infarclus du casur, Mant
donné que |8 valeur da IALT reste dans les imiles standards et augments
dans les niveaux de AST' 4

L dagnoshque dingue dod &re réalisée en prenant en complé ks
données diriques o de |abaratoire,

REACTIFS

< Lactate dhshydroghnase (LDH) 1200 UL
T | LAlanine 500 mimollL
R2 NADH 0,18 mmolL
Substrals | o Cltoglularale 15 mmollL

PRECAUTIONS

R . H290: Peul &lre comost pour les métau,
Suivez Jes conseis de prudence dangs en SDS &l dliquelts.

PREPARATION
Réac de raval (RT):
Méanger: 1 vol. de (R2) Substrats + 4 vol. (R1) Tampon.
Stabilié: 21 jours & 2.8°C ou 72 heutes & température ambianie (15:25°C).

CONSERVATION ET STABILITE

Tous les composants du kit sont slables jusqud |a date de péremplion
indiquée sur [étiguatte, of i les fiacons scel maintenus herméliquement
femés & 2.8°C, & bl de fa lumidee ot des sources de contaminalion. Ne
s ubliser los réactifs en dehons de ka dale indiquée,

Indices de détérioration des réactifs:

< Présence de particues o furbidié

CALCULS

ANmin x 1750 = UL dALT
Unitds: L unité intemasionale (UI) cormespond & s quardié d'enzymes qui convert
1 umol de substrate par minute, ding des condilions standard. La concantration
e8! exprimée en unitdlive (UL).

Factours do conversion de températures
Les ressullats peuvent & iransformer & d sulres lempératures, an mulliplant par.
Tempésature Facleur de comversiond
(e masure 25°C WC rC
%C 1,00 1.2 18
W0°C 07% 1,00 139
C 0,55 0n 1,00
CONTROLE DE QUALITE

I e conseibé d'analyses conjointement les dchantilons de sdrum dont|es valeurs
onl @€ conlrbiées: SPINTROL H Normal & pathologique (REE 1002120 el
1002210}

S [ visleurs se brouvent en dehors des valeurs lolérdes, analyses nstrument,
Jis réactifs of e calibeet.

Chague laboraloire doil disposer dé son propee contréle dé quakté of ddermines
les mesures corecives & meftre én place dans | cas ol les védfications ne
contespondraient pas aux atientes.

VALEURS DE REFERENCE**
25¢ e 3
Mommes  Jsqud2UL  28UL  4OUL
Fammes  Jaqud1BUL 200 WL

Chez les nouvesunés &n bon atal 0 sanlé, on & datacté des valws presque
doublés par rappon & celle relevées chez les adutes, élal donné leur maturké
hénalique, ces valeurs rdeviennent normaies dans les o mos,

(Ces viaeurs sonl données A tire dinformatian. | es! conselé & chague kboraloire
0 défirer seg peopres valews de éférence.

CARACTERISTIQUES DE LA METHODE

Gamme do mosures: Depuis ls (mie de détaction de O UL, jusqu's ta imie de
Adarité de 400 UL,

Sil concenlration de [dchantiion ast supérieurs & 1 Imile de lindarié, diver 110
avec du CINS 9 /L e multiplier le résuitat fingl par 10.

Précision:

Intea Sdie ine 20) Infee-séeis (e 20)

Moyerne (UL) 420 118 41 115
SD 047 042 076 161
CVI(%) (KK 0,356 185 140

Sensibiitd analytiue: 1 UL = 000052 44 Imin

Exactitude: Les réactifs SPINREACT (y) ne moolrent pas de dilférences
systémalioues  signdicathes lomsquon les compare 3 dautres réactifs
commesciaux (x).

Les rsulats cblenus avec 50 dchantilons ont 416 s suivants:
Coafficient dé cormidation (1. 0,99597.

Equation de Ia Coubre de régrassion. y=1, 1208 + 1,390

| e ratartinalingna de B mathode nseuenl uatine siivan ['sealuesf smnlkiuk
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SPINREACT

GOT (AST)

GOT (AST)

NADH. Cinétique UV. IFCC rec.

(€

Détermination quantitative d'aspartate amino transférase
GOT (AST)
IVD

Consarver § 28°C

PRINCIPE DE LA METHODE

L'agpartste aming Iransféease (AST), intialement sppelée transaminase
glutamate cxaloacétique (GOT) catalyse l& ransler réversible d'un groups
animique de laspartale vers | 4 formation de gulamale
el donatacélate. L'onsfacitale produil est rédull en makste en présence de
deéshydrogénées (MDH) &t NADH:

Asparttes o Chloghanate — s Ghtamate ¢ Oracktale

Onciscdtate » NADH + H' —ChL., Malate + NAD'
L vitesse de réduction de | concenirabon en NADH au certre, déleminge
phalo numésiquement, e8! properdicnnele & la concentration catalylique
d'AST dans | dchartilon'
SIGNIFICATION CLINIQUE
L'AST asl une enzyme infracelulains, qui se ¥ouve en grandes quantis
dans les muscles du comur, s celliles du fow, les calules du muscle
squelettique ef en plus faibles quantités dans es sulres Essus,
Bien qu'un nivedu &evé dAST dans |¢ sérum ne soif pas caracibristique
d'une makadie hépatique, elle s'emplo principalement pour ks dagnostics
&l Je suv), avee daulres enzymes (sles que FALT @ [ALP. Elle s'ulilise
dgalement dans Je cadre du contrble postinfarctus, chez les patients
Wam;mmmqmamammw

Le disgnostic clivgue Goit & réalish en prenant en comple Ies domées

cliriquas & les données de isboraloire.

REACTIFS

R1 TRISpH 7.8 80 mmollL

Tampon | Laspadate 200 mmolL
NADH 0,18 mmalL

R2 Lactste déshydrogéng (LDH) 800 UL

Subsirats [ Malate déshydrogénisé (MDH) 600 UL
woblogutarale 12 mmolL

PREPARATION

Réacti de traval (RT).

RéT. 1001160 Dissoudre [ -» ) une Labletie de substrats R2 dans une dose

{ampoule) R1.

RéL: 1001161 Dissoudre | - ) une [ablelts de subsirats R2 dans 15 ml de
R1.

RéI. 1001162 Dissoudre { -» ) une 1ablelte de subskats de R2 dans 50 mL
deRt.

Refermer e milangar doucsment, usqu 3 e que i@ conlenu soil
fotalement dissout.

Stabilié: 21 ouss & 2.8°C ou 72 heures A lempérahre ambiante (15.26°C),

CONSERVATION ET STABILITE

8, Lire ['sbsorbation (A) initiale de Tdchantillon, meltre #n route (& chianamétre &l
fire T'absorbaton & chaque mimule pandant 3 minules
6. Calculer k moyenne de | augmentation d absarbation par minule (ANfTn).

CALCULS

ANmin x 1750 = UL de AST

Unitds: L 'ursté intemasonale (Ul) comespond & 18 quartie d enzymess qui conved
1 umol de substrats par minute, dans des conditions standard. La concentration
&1 exprimeée en unitd/itre (UIL)

Facteurs do conversion de températures

Les risltats peuvent se transformer 8 o ulres lsmpdratures an multipliant par.

Température _ Facleurdecomersiond

ga missure 25C 3¢ irc

26C 100 137 2,08

3C 073 1,00 154

3rc 048 0,65 1,00
CONTROLE DE QUALITE

1 et cansailé d analyser conjointemant ks échantiions dé sérum dont |es valeuss
ont ¢ conlrbiées. SPINTROL H Normal el pathologque (R&L 1002120 &
1002210).

Si s valeurs se lrouvent en denors das valeurs tolérées, analyser insirument,
Jess réactfs et e caibreur

Chaque laboratoire doit disposer de sen propre contrble de quakté el déermines
e meswes comeciives & melire en place dans |s cas ol les vénfications ne
corespondraent pas aux atientes

VALEURS DE REFERENCE'
%€ KiigH 3rc
Hommes  Jusqua18UL  26UL UL
Femmes  Jusqua1BUL  2UL UL

Ces valeurs sonl données & fitre dinfarmation. 1| es! consedié & chaque lsbarstoire
e définie 808 propres valeuns de rédérence.

CARACTERISTIQUES DE LA METHODE

Gamme do mesures: Depuis & Imite de détection 0 UL jusqua a limie de
lindarié 360 UL,

Sils concentration ds I'achantlion est supddeure & |8 limile de lindarké diver 110
avec du CINa 9 /L ef multipler le résuitat final par 10.

Précision:

i 88 (n= 20] ol 5% (v 20)

Moyre(UL) | 565 | 169 %0 162
S0 | u 09| 2, |

] 2% | 20 | 1%

Sensibilité analytique: 1 UL = 0,00051 AA Imin

Exactitude: Les réaclils SPINREACT (y) ne montrent pas de différences
systématiques  signficaives forsquion les compare & daulres réactifs
commescinux (x).

Les résulials oblenus avec 50 échantilons onl 4l ks subvants.

Coafficient de corrdlation (rf: 0,98277.

Equation de |s Coubre de régression. y= 0,9259x - 5,1685.

Les caractivistiques de 1 méthode peuvent varier suivant |'analyseur employé.



SPINREACT

LDH

LDH
Piruvato. Cinética UV. DGKC

(€

Determinacion cuantitativa de lactato deshidrogenasa
Vo

Conservara 28°C

PRINCIPIO DEL METODO
L3 lactato deshidrogenasa (LOH) catallza a reduccidn ded piruvato
por &l NADH, seqln a sigusente raccion

Pirovato + NADH + H* 21 | lactato + NAD®
La velocidad de disminucion de & concentracion de NADH en el
medio  delerminado fotomeldcaments, es proporcional & I8
concentracion catalitica de LDH en la muestra ensayada’.

SIGNIFICADO CLINICO

La lactato deshidrogenasa (LDH) &g una enama, distrbulda por todo
&l organismo humano. Las mayores concentraciones de LDH se
encuentran en el higado, corazon, rion, misculd esquelético y
eritrocitos.

El nvel de LDH en suero esta elevado en pacientes con
enfermedades del higado, infartos de miocardo, alierackones renges,
distrofias musculares y anemias’**.

E! diagnostico chnico debe reaizarse lemendo en cuenta todos los
datos clinicos y de laboratario.

REACTIVOS

R1 Imidazol 65 mmolL
Tampén | Pirwvalo 0.6 mmolt
R2

Subsbato NADH 0,18 mmolL
PRECAUCIONES

R1: H380-Puade perjudicar k& fentiidad o dafar al feo.
Saguir los consejos de prudencia Indicados en la FOS y etiquata del
producto.

PREPARACION

Reactivo de trabajo (RT).

Digoiver ( -» ) 1 comprimido de A2 en un vial de R1.

Tapar y mezciar suavemente hasta disolver su contenica.
Estabilidad: 2 dias a 2-8°C 0 12 horas a temparatura ambiente
{15-25°C).

CONSERVACION Y ESTABILIDAD

Todos ks componentes del kit son estables, hasta la fecha de
caducidad Indicada en |a etiqueta, cuando se mantienen 108 frascos
bien cemados a 2-8°C, protegidos de la hz y se ewla su
contamnacion.

No usar 13 tabletas 5i eparecen fragmentadas.

No usar reactivos fuara de 1a lacha Indicada.
Indicadores de deterioro de los reactivos:

« Presanca ge particudas v jurbidez.

6, Cakular e promedo del incremenio de absorbancia por minuto
(AA/min)

CALCULOS
2530°C  MAmin x 4825 = UL LDH

rc AATiN x 8680 = UL LDH

Unidades: La unidad intemacional (Ul) s la cantidad dé enzima que
conviene 1 ymol de substrato por minuto, én condicones estandar. La
concentracion se expresa en unidades por litro {UL).

Factores de conversion de temperaturas
Los resullados pueden transtormarse 2 obras lemperaturas multipkcando

DOr.
Temperatura __ Faclorparaconvertira
de medicin € rc

25'C 1,00 1.3 182

0'C 075 1.00 143

re 0.52 0.70 100
CONTROL DE CALIDAD

Es conveniente analizar junto con las muestras sueros control valorados:
SPINTROL H Normal y Patologico (Ret. 1002120 y 1002210).

St los valores hallados se encuentran fuera dal rango 02 tolerancia, se debe
tevisar el Instumento, los reactives y 1a técnica.

Caca laboratono debe disponer su propio Control de Calidad y establecer

coecciones en e caso de que 108 controles no cumplan con les
tolerancias.

VALORES DE REFERENCIA'
5°C 3¢ arc
120-240UL  160-320UL  230-460 UL

Estos valores son orentativos. Es recomendable que cada laboratoro
establezca sus propios valores de relerencia.

CARACTERISTICAS DEL METODO

Rango de medida: Desde el limie de detsccion 2 UL hasta ef fimite ge
inealivad 1500 LWL.

Sl la concentracion de la muestra es supenor al limite de linealidad, dilur
1110 con CiNa 9 /L y mustipicar el resultado fingl por 10,

Pracision:
Intragede (n= 20) Intersede (n= 20)
Media (UL) 388 73 402 757
) 744 12,49 12,45 16,95
CV (%) 1,92 1,71 310 224

Sensibilidad analitica: 1 UL = 0,00010 AA/min,

Exactitud: Los reactvos SPINREACT (y) no musstran diferencias
gslemalicas significativas cuando 8 comparen con otros feactivos
comerciales ().

Log resultacos oblenidos con 50 muestras fueron 108 sigulentes.
Coeflcente de regeesion (r)*: 0.987.



Abstract

In this context, The main objective of this work is to green synthesis of AgNPs from H.lippii aqueous extract and to evaluate the biological
effects of H.lippii plant and silver nanoparticles in vitro and as well as in vivo in order to look into their potential therapeutic effects against the
physiological and biochemical changes brought on by sub-chronic exposure to cadmium chloride in rats. For this purpose, quantitative, qualitative,
and extraction bioactive compounds standard procedures were applied. While identification and quantification of individual phenolic compounds
were performed by HPLC analysis. On the other hand, has been of AgNPs green synthesis and characterization by different methods (UV, FTIR,
XRD, and SEM). In addition, in vitro activities Evaluation has been done via antioxidant, anti-inflammatory, Hemolytic, and antibacterial activities,
Meanwhile, Spectrophotometric, VVoltammetric studies of the binding interaction of AgNPs with deoxyribonucleic acid and bovine serum albumin
under similar condition. In regards to studying in vivo, 35 Wistar male rats were divided into seven groups ( 5 rats in each): Control, H.lippii, CdCl,,
CdCl,+H.lippii, AgNPs, CdCl,+AgNPs, and CdCl,+H.lippii+AgNPs. CdCl, (50mg/Kg) was added in drinking water for 35 day. The therapeutic
systems were received intragastrically for H.lippii (100 mg/kg b.w) and AgNPs were supplemented intraperitoneally at 0.1mg/kg for the last 15 days.
Some biochemical, hematological, oxidative stress markers and histopathology were observed
The phytochemical analysis revealed the presence of most of the phenolic compounds, Further, H. lippii had high levels of total phenolics
(183.12+2.84mg GA eqg/g dry Ex) and flavonoid contents (72.00+1.03 mg QE/mg EXx), as well as saponins (82.2+ 33.00 mg DO eq/g dry Ex), and of
tannins (Total hydrolyzable tannin; 2.818+0.138mgTA eg/g dry Ex, Condensed tannin; (5.88+1.58 mg Ca eg/g dry Ex) and anthocyanins
(4.256+0.590 mg C-3-GE/g dry Ex). HPLC analysis identified six phenolic compounds in high concentration, mainly gallic acid and chlorogenic acid.
According to, the absorption peak at 428 nm characterized the synthesized silver nanoparticles, the crystalline nature of AgNP was confirmed by
XRD patterns, and SEM analysis revealed that the majority of the nanoparticles were spherical in shape. While investigations using FT-IR technique
confirmed the presence of many functional groups that are involved in covering and reducing AgNPs. In addition, H.lippii and AgNPs demonstrated
strong efficiency as antioxidant, and anti-inflammatory, while providing moderate protection for red blood cells. On the other hand, they showed good
antibacterial activity against six types of selected bacteria. Moreover, the results show that there is a spontaneous interaction between AgNPs and
DNA as well as BSA via electrostatic interactions, translated by parameters K and AG. On the other hand, according to the results obtained in vivo,
there was a decrease in the body weight gain. An increase in the relative weight of the liver, kidneys, heart and brain, with a decrease in the absolute
and relative weight of the testicle. Moreover, the findings in cadmium chloride-treated rats induced significant changes in hematological and
biochemical, hormonal parameters, hepatic enzyme markers, and renal function compared to the control group. These changes were accompanied by a
decrease in antioxidant defense (GSH, SOD, and CAT) and an increase in MDA levels. The data clearly showed the deterioration of the structure of
the studied tissues in comparison with the control group, including severe deterioration of liver and kidney cells, while testicular tissues showed
severe necrosis. However, the treatment with H.lippii and/or AgNPs mitigated most of toxic effects and the restored all previous variable parameters.
In conclusion, this study demonstrated the promising biological activity of H.lippii and AgNPs, Meanwhile, it is worth noting the strong
therapeutic potential of H.lippii and AgNPs against cadmium chloride-induced toxicity in rats, which opens new avenues for the use of
phytotherapy and nanotherapy and enhances their application in approaches medical.
Keywords: Helianthemum lippii, silver nanoparticles, green synthesis, biological activities, cadmium chloride.
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