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ABSTRACT 

The primary aim of this study is to biosynthesize Ag/Ag2O NPs and ZnO NPs using Olea europaea var. 

Chemllali leaves aqueous extract. Additionally, the biological effects of these nanoparticles will be 

assessed both in vitro and in vivo. Qualitative, quantitative analysis and HPLC analysis was used for the 

identification of specific phenolic components of the extract. However, Ag/Ag2O NPs and ZnO NPs have 

been green synthesized and characterized using more then one technique (UV, FTIR, XRD, and SEM-

EDX). Furthermore, antioxidant, antibacterial, antimutagenic, anticoagulant activities have been used to 

evaluate the in vitro activities. For in vivo study using Wistar male rats, to evaluate the extent of toxicity of 

these nanoparticles, and to assess protective effect of this nanoparticles against metrubizin toxicity. Some 

biochemical and hematological indicators, also histopathological and oxidative stress parameter of liver, 

kidney and spleen were mesured. Phytochemical analysis revealed the presence of many seconder 

metabolites in aquous extract, also quantified of the total phenolic, flavonoids and condensed tanins 

content. Additional analyze by HPLC,we have identified  eight  phenolic compounds; when quercetin 

(1945.90 µg/g) was the most abundant element. After characterization of biogenic nanopartilces, we 

confirmed that Ag/Ag2O NPs and ZnO NPs were biosynthesized. The average size distribution of Ag/Ag2O 

NPs is principally 45 nm, and 18.79 nm for ZnO NPs size. For antioxidant activities of the O.europaea leaf 

extract, Ag/Ag2O NPs and ZnO Nps is shown to be dose-dependent, as the scavenging activity, TAC and 

FRAP, the most notable antioxydant activities were observed with 200 µg/mL of Ag/Ag2O Nps. The 

antibacterial activity in solid agar was found also to be dose-dependent of Ag/Ag2O NPs against S.aureus, 

E.coli, and P. aeruginosa, while the ZnO nanoparticles at higher dose was less effective. However, 

antibacterial kinetic study in liquid medium revealed inhibitory effects of nanoparticles on bacterial growth 

of E. coli and S. typhimurium cells at 200ug/ml, but the growth of B. cereus and MS-S. aureus cells was 

suppressed in the initial hours, with almost all bacterial cells exhibiting retarded growth after this period. 

This tow nanoparticles biosynthetised showed strong anti-mutagenicity against S. typhimurium TA98, 

when the percent inhibition of ZnO NPs was stronger (76.24%) then Ag/Ag2O NPS (70%) at 250 µg/plat. 

All nanoparticles (ZnO and Ag/Ag2O NPs) prevented coagulation similarly to the positive control (EDTA). 

Toxicity study of nanoparticles revealed no mortality for ZnO NPs (50 mg/kg and 100 mg/kg b.w) and 

Ag/Ag2O NPs (2.5 mg/Kg) for single dose during the 28-days. In contrast, one rat that received a higher 

dose of 5 mg/kg b.w of Ag/Ag2O NPs died after 24 h, and we showed signs of toxicity in this group. 

Moreover, the findings in metribuzin-treated rats induced for 21 days significant changes in hematological, 

biochemical parameters and imbalance in oxidative stress status and deterioration of the liver, the kidney 

and the spleen structure compared to the control group. However, the treatment with ZnO NPs  (2.5 mg/Kg 

, 5 mg/Kg) mitigated most of toxic effects and the restored most of previous parameters. As for Ag/Ag2O 

NPs, most of the effects of low concentration (0.062mg/Kg) were generally beneficial. On the other hand, 

the effect of high concentration (0.125mg/Kg) was hopeless and even toxic, as demonstrated by the 

analyzes and histological images of the organs studied. En conclusion, this work realizes the potential for 

green synthesis of nanoparticles from O. europaea  (ZnO NPs and Ag/Ag2O NPs), as these particles have 

shown to be highly biological efficient and varied among them, While Ag/Ag2O NPs was toxic to a certain 

degree. 

Key words: biosynthesize . O.europaea , ZnO NPs, Ag/Ag2O NPs, antibacterial, antimutagenic, toxicity . 

 

 

 

 



  

 

 

 الولخص

أٔساق انًبئٙ ًسزخهص ان  ثبسزخذاو Ag/Ag2O NPs  ٔZnO NPsانٓذؾ الأسبسٙ يٍ ْزِ انذساسخ ْٕ انزخهٛك انحٕٛ٘ نـ 

. ثبلإضبـخ ئنٗ رنك، سٛزى رمٛٛى انزأصٛشاد انجٕٛنٕجٛخ نٓزِ انجسًٛبد انُبَٕٚخ. رى اسزخذاو انزحهٛم O.europaeaانضٚزٌٕ َجبد 

انحٕٛ٘ نهجضئٛبد انُبَٕٚخ زصُٛع ان، رى عذْبٔث َبد انفُٕٛنٛخ انًحذدح نهًسزخهص.نًكٕنزحذٚذ ا HPLCانُٕعٙ ٔانكًٙ ٔرحهٛم 

ثبسزخذاو أكضش يٍ رمُٛخ  ـحص خصبئصٓبٔرى  ، لذZnO NPsٔ أٔكسٛذ انضَك Ag/Ag2O NPs  نهفضخ/أٔكسٛذ صُبئٙ انفضخ 

(UV ،FTIR ،XRDٔ ،SEM-EDX علأح عهٗ رنك، رى .)ٖحًضبدانالأكسذح، ٔ حًضبدان انًخزجشـٙ  َشبطٛزٓب ئخزجبس يذ 

ئجشاء دساسخ عهٗ انجسى انحٙ ثبسزخذاو ركٕس ـئشاٌ ٔ لذ رى أٚضب . انذو زخضشن حًضبدكزا انانطفشاد، ٔ حًضبدانانجشاصٛى، ٔ

ٛزشٔثٛضٍٚ. يانًجٛذ ٔٚسزبس، نزمٛٛى يذٖ سًٛخ ْزِ انجسًٛبد انُبَٕٚخ، ٔرمٛٛى انزأصٛش انٕلبئٙ نٓزِ انجسًٛبد انُبَٕٚخ ضذ سًٛخ 

انكجذ ٔانكهٗ ٔانطحبل. ـحص لأَسجخ ٔ زأكسذٕ٘ٚخ ٔكزنك يإششاد الإجٓبد انرى لٛبط ثعض انًإششاد انجٕٛكًٛٛبئٛخ ٔانذيحٛش 

كشؿ انزحهٛم انكًٛٛبئٙ انُجبرٙ عٍ ٔجٕد انعذٚذ يٍ انًسزمهجبد انضبَٕٚخ ـٙ انًسزخهص انًبئٙ، كًب رى لٛبط كًٛخ انفُٕٛل انكهٙ 

كٛشسٛزٍٛ ان يٍ ثُٛٓب صًبَٛخ يشكجبد ـُٕٛنٛخ؛حذدَب حٛش ، HPLCرحهٛم آخش ثٕاسطخ ٔٔانزبَُٛبد انًكضفخ.  ٔانفلاـَٕٕٚذاد

 Ag/Ag2O NPs ٔZnO، أكذَب أٌ انجسًٛبد انُبَٕٚخ انزخهٛك الأخضش ( ْٕ انعُصش الأكضش ٔـشح. ثعذغ/  ػيك 19.5.90)

NPs حجى رٕصٚع ثهػ يزٕسظ ٔرى رصُٛعًٓب حٕٛٚبً.  لذAg/Ag2O NPs .5 ٔ ،َبَٕيزش نحجى  17.89َبَٕيزشZnO NPs .

 يذٖ انُشبطٛخ رجٍٛ أٌ O.europaea ،Ag/Ag2O NPs ٔZnO Npsًسزخهص أٔساق نثبنُسجخ نلأَشطخ انًضبدح نلأكسذح 

 /Ag  يٛكشٔؼشاو/يم يٍ 200 ـٙ رشكٛض الألٕٖ، TAC ٔFRAPانجشعخ، حٛش نٕحع َشبط انكسح، صٚبدح عهٗ  ٚعزًذ

Ag2O NPs.نــ جشعخان صٚبدح ٔجذ أٌ انُشبط انًضبد نهجكزٛشٚب ـٙ الأجبس انصهت ٚعزًذ أٚضًب عهٗ ٔكئهك Ag/Ag2O NPs 

سؼى ، ثًُٛب كبَذ جضٚئبد أكسٛذ انضَك انُبَٕٚخ عُذ انجشعخ الأعهٗ ألم ـعبنٛخ. S.aureus ٔE.coli ٔP. aeruginosaٔضذ 

نٕسظ انسبئم عٍ رأصٛشاد يضجطخ نهجسًٛبد انُبَٕٚخ عهٗ انًُٕ انجكزٛش٘ ، كشفذ انذساسخ انحشكٛخ انًضبدح نهجكزٛشٚب ـٙ ارنك

 انجكزشٚخانخلاٚب  رضجٛظ. رى B. cereus ٔ MS-S. aureus/يم، ٔنكٍ ًَٕ يكػ 200عُذ  E. coli ٔ S. typhimuriumنخلاٚب 

ا يز ًٕ أظٓشد ْزِ انجسًٛبد انُبَٕٚخ كًب ا ثعذ ْزِ انفزشح. أخشـٙ انسبعبد الأٔنٗ، حٛش أظٓشد جًٛع انخلاٚب انجكزٛشٚخ رمشٚجبً ًَ

%( .82.2ألٕٖ ) ZnO NPsكبَذ َسجخ رضجٛظ  حٛش، S. typhimurium TA98انًصُعخ حٕٛٚبً يمبٔيخ لٕٚخ نهطفشاد ضذ 

( يُعذ انزخضش ZnO NPsٔ Ag/Ag2O NPs . جًٛع انجسًٛبد انُبَٕٚخ )ٔعبء/يكػ 250عُذ  Ag/Ag2O NPS (70% ) صى

أظٓشد دساسخ انسًٛخ نهجسًٛبد أيب ـٙ يب ٚخص انزجبسة داخم انجسى انحٙ، (. EDTA) ثبنًمبسَخ يع انشبْذشبثّ ثشكم ي

 Ag/Ag2O NPs (2.5 يٍ ٔصٌ انجسى( ٔ كهػ/يهػ 100ٔ كهػ/يهػ 50) NPsانُبَٕٚخ عذو ٔجٕد ٔـٛبد لأكسٛذ انضَك 

يهؽى/كؽى يٍ  5، يبد ـأس ٔاحذ رهمٗ جشعخ  لذسْب ٕٚيًب. ٔعهٗ انُمٛض يٍ رنك 27( نهجشعخ انٕاحذح خلال كهػ/يهػ

Ag/Ag2O NPs  ـٙ ْزِ انًجًٕعخ. علأح عهٗ رنك، أدد انُزبئج انزٙ  ٔاضحخ جذا علايبد انسًٛخ كًب ظٓشدسبعخ،  .2ثعذ

ٕٚيًب ئنٗ حذٔس رؽٛٛشاد كجٛشح ـٙ يإششاد انذو ٔانكًٛٛبء انحٕٛٚخ  21رى ئجشاؤْب عهٗ انفئشاٌ انًعبنجخ ثبنًٛزشٚجٕصٍٚ نًذح 

ٌ انًعبيهخ أ ـٙ حٍٛح. شبْذٔعذو انزٕاصٌ ـٙ حبنخ الإجٓبد انزأكسذ٘ ٔرذْٕس ثُٛخ انكجذ ٔانكهٗ ٔانطحبل يمبسَخ ثبنًجًٕعخ ان

. أيب ئنٗ انحبنخ انطجٛعٛخ انسبثمخ زؽٛشادانزأصٛشاد انسبيخ ٔأعبدد يعظى ان( خففذ يعظى كهػ/يهػ 5 ٔ كهػ/يهػ 2.5)ثأكسٛذ انضَك 

كٛض رأصٛش انزش ثًُٛب( كبَذ يفٛذح ثشكم عبو. كهػ/يهػ 0.022، ـاٌ يعظى رأصٛشاد انزشكٛض انًُخفض )Ag/Ag2O NPsثبنُسجخ نـ 

خ نلأعضبء انًذسٔسخ. ـٙ انخزبو، ثم ٔسبيبً، كًب ٚزضح يٍ انزحبنٛم ٔانصٕس انُسٛجٛ رٔ أصش سهجٙ( كبٌ كهػ/يهػ 0.125انعبنٙ )

حٛش أظٓشد ْزِ انجسًٛبد كفبءح  O. europaea يٍئيكبَٛخ انزٕنٛؿ الأخضش نهجسًٛبد انُبَٕٚخ  ئنٗ ْزا انعًم ْذؾ

 .حذ يبكبٌ أكضش سًٛخ ئنٗ   Ag/Ag2O NPs، ـٙ حٍٛ أٌ ثٕٛنٕجٛخ عبنٛخ ٔيزُٕعخ ـًٛب ثُٛٓب

 ، يضبد نهجكزٛشٚب، يضبد نهطفشاد، سًٛخO. europaea ،ZnO NPs ،Ag/Ag2O NPs انزصُٛع انحٕٛ٘،الكلوبث الوفتبحيت:



  

 

 

 

RESUME 

L'objectif principal de cette étude est de biosynthétiser les NP Ag/Ag2O et les NP ZnO en utilisant l'extrait 

aqueux de feuillies de O. europaea Var. Chemllali . De plus, les effets biologiques de ces nanoparticules 

seront évalués in vitro et in vivo. Des analyses qualitatives / quantitatives et des analyses HPLC ont été 

utilisées pour l'identification de composants phénoliques spécifiques de l'extrait. Cependant, les NPs 

Ag/Ag2O et les NPs ZnO ont été biosynthétisés et caractérisés à l'aide de plusieurs techniques (UV, FTIR, 

XRD et SEM-EDX). De plus, des activités antioxydantes, antibactériennes, antimutagènes et 

anticoagulantes ont été utilisées pour évaluer les activités in vitro. Pour une étude in vivo utilisant des rats 

mâles Wistar, pour évaluer l'étendue de la toxicité et pour évaluer l'effet protecteur de ces nanoparticules 

contre la toxicité de la métrubizine. Certains indicateurs biochimiques et hématologiques, ainsi que les 

paramètres de stress oxydatif et histopathologiques du foie, des reins et de la rate ont été mesurés. L'analyse 

phytochimique a révélé la présence de nombreux métabolites secondaires dans l'extrait aqueux, ainsi que la 

teneur totale en composés phénoliques, flavonoïdes et tanins condensés. Une autre analyse par HPLC, nous 

avons identifié huit composés phénoliques ; lorsque la quercétine (1945,90 µg/g) était l‘élément le plus 

abondant. Après caractérisation des nanoparticules biogéniques, nous avons confirmé que les NP Ag/Ag2O 

et les NP ZnO étaient biosynthétisées. La distribution de taille moyenne des NP Ag/Ag2O est 

principalement de 45 nm et de 18,79 nm pour la taille des NP ZnO. Pour les activités antioxydantes de 

l'extrait de feuille d'O.europaea, Ag/Ag2O NPs et ZnO Nps se révèlent dépendantes de la dose, car pour 

l'activité de piégeage, TAC et FRAP, les activités antioxydantes les plus notables ont été observées avec 

200 µg/mL d' Ag/Ag2O Nps. L'activité antibactérienne dans la gélose solide s'est également avérée 

dépendante de la dose des NP Ag/Ag2O contre S.aureus, E.coli et P. aeruginosa, tandis que les 

nanoparticules de ZnO à dose plus élevée étaient moins efficaces. Cependant, une étude cinétique 

antibactérienne en milieu liquide a révélé des effets inhibiteurs des nanoparticules sur la croissance 

bactérienne des cellules d'E. coli et de S. typhimurium à 200 ug/ml, mais concernant la croissance de B. 

cereus et de MS-S.aureus a été supprimée dans les premières heures, presque toutes les cellules 

bactériennes présentant un retard de croissance après cette période. Ces deux nanoparticules 

biosynthétisées aussi ont montré une forte anti-mutagénicité contre S. typhimurium TA98, lorsque le 

pourcentage d'inhibition des NP de ZnO était plus fort (76,24 %) que celui de l' Ag/Ag2O NPS (70 %) à 

250 µg/plat. Toutes les nanoparticules (ZnO et Ag/Ag2O NP) ont empêché la coagulation de la même 

manière que le contrôle positif (EDTA). L'étude de toxicité des nanoparticules n'a révélé aucune mortalité 

pour les NP de ZnO (50 mg/kg et 100 mg/kg p.c.) et les NP d' Ag/Ag2O (2,5 mg/Kg) pour une dose unique 

pendant les 28 jours. En revanche, un rat ayant reçu une dose plus élevée de groupe 5 mg/kg de NP 

Ag/Ag2O est mort après 24 heures et nous avons montré des signes de toxicité dans ce groupe. De plus, les 

résultats chez les rats traités à la métribuzine ont induit pendant 21 jours des changements significatifs des 

paramètres hématologiques et biochimiques et un déséquilibre du statut de stress oxydatif et une 

détérioration de la structure du foie, des reins et de la rate par rapport au groupe témoin. Cependant, le 

traitement avec des NP de ZnO (2,5 mg/Kg, 5 mg/Kg) a atténué la plupart des effets toxiques et restauré la 

plupart des paramètres précédents. Quant aux NP Ag/Ag2O, la plupart des effets d‘une faible concentration 

(0,062 mg/Kg) ont été généralement bénéfiques. En revanche, l'effet d'une concentration élevée (0,125 

mg/Kg) s'est avéré désespéré et même toxique, comme le démontrent les analyses et les images 

histologiques des organes étudiés. En conclusion, ce travail réalise le potentiel de synthèse verte de 

nanoparticules d'O. europaea (NP ZnO et NP Ag/Ag2O), car ces particules se sont révélées très efficaces 

sur le plan biologique et variées, tandis que les NP Ag/Ag2O étaient toxiques pour un certain degré. 

 

Mots clés : Biosynthesiser . O. europaea , NPs ZnO, NPs Ag/Ag2O, antibactérien, antimutagène, toxicité. 
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Introduction 

      

The small size of nanomaterials to biological medium is what is making them appealing 

for use in biological applications. Furthermore, because of their extremely high surface 

area to volume ratio, they are active building blocks that can be functionalized with a 

variety of functional groups and adorned with different medications. Nanomaterials have 

been employed as microscopic sensors to study and identify illnesses, as agents of 

communication between species, or as therapeutic agents to address a range of medical 

issues. Nanoparticles have advanced biological applications significantly because of their 

wide range of uses  (Horikoshi et al., 2013).  

Nanoparticles can be incorporated using different methodologies, including chemical, 

physical and biological organic compounds. Although the chemical synthesis technique 

requires a fairly short time frame for the development of a large quantity of nanomaterials 

(Osman et al., 2024), For the purpose of stabilizing and adjusting the size of the 

nanoparticles, this technique needs the capping operators. The synthetic chemical 

mixtures used in the stabilization, maintenance, and amalgamation of nanoparticles are 

hazardous and lead to unfavorable and polluted byproducts. The desire to create 

environmentally friendly, non-lethal designed protocols for the amalgamation of 

nanoparticles has led to a fashioning interest in biological methodologies that do not 

include the use of any hazardous or dangerous substances as byproducts. Interest in "green 

nanotechnology" is growing (Singhal  et al., 2011).  

Many biological approaches for both extracellular and intracellular nanoparticles synthesis 

have been described till date using micro-organisms including fungi, bacteria and plants 

(Mukherjee et al., 2001), which is simple,  fewer energy intensive, eco-friendly and 

minimize the usage of toxic materials, and maximize the efficiency of the process 

(Raveendran and Wallen, 2003).  

The greatest class of naturally occurring antioxidants are thought to be plant-based 

polyphenols, which have remarkable potential as medications, food additives, and 

nutraceuticals. The fundamental idea behind green synthesis techniques is that the 

phytochemicals found in plant components serve as both a natural reductant and a 

stabilizer of nanoparticles (Tahir et al., 2017). 

Other research suggest that plant extracts, as opposed to microbe-based synthesis, could 

be used to quickly produce highly stabilized nanoparticles. Therefore, the plant extract 
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may be a useful method for lowering the primary material of nanoparticles and stabilizing 

that (Iravani, 2011) . 

In this sense, the olive (Olea europaea L. 1753) is a tiny tree that is native to warm 

temperate and tropical regions of the world and belongs to the Oleaceae family. The tree, 

commonly known for its fruit, is a major source of olive oil and has a significant 

economic impact in the Mediterranean region (Boskou, 1996).  

The Quran recounts the story of the olive tree and its fruit, olives, multiple times in the 

context of its religious significance. Al-Nur (SURA 24) celebrates olives as a wonderful 

fruit (Quran 24:35). 

In recent years, there has been a tremendous amount of interest in the health benefits of 

different herbal teas. One of the most popular and traditional herbal teas used by 

Mediterranean people to treat various ailments is olive leaf tea. Because of this, scientists 

from a wide range of disciplines are becoming more interested in the possible health 

benefits of olive leaves. Numerous research have recently reported on the antibacterial, 

antioxidant, hypoglycemic, antiatherosclerotic, and antihypertensive properties of olive 

leaves  ( Sedef and Karakaya, 2009) . 

This work, therefore, extends the frontier of Olea europaea L to the field of 

nanobiotechnology for health and pharmaceutical uses.  

   Over the past few decades, the use of pesticides in agriculture to reservation crops for 

animals and humans has resulted in their unwanted accumulation in the environment 

(Dbira et al., 2014). The Pesticides and herbicides arexenobiotic,  poisonous, and 

sometimes non biodegradable and can lead to a many serious ecological and health 

problems (Hamza et al., 2015) . 

In fact, pesticides represent a main concern for human health and contribute significantly 

to many disease states counting neurodegeneration, cancer and other chronic health effects 

(Hernández  et al., 2013), when ,the complexity of kidney and liver problems today seems 

to have increased. We may come into contact with chemicals and other environmental 

contaminants frequently like pesticide, causal to some of this complexity. There has been 

a significant rise in the amount of drug or other hazardous chemicals consumed, which 

could harm the organs. 

Nanomaterials have been used in medicine and pharmacy due to their powerful 

antioxidant activity in scavenging free radicals produced in the process of oxidative injury 

caused by exposure to this food and environmental pollutants (Wasef  et al., 2021).  
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 In light of these worries, the functional effects of zinc and silver oxyde nanoparticles in 

the domains of xenobiotic detoxification and antioxidant effects provide a potential 

solution in the control of metribuzin toxicity.  

Based on this information, the goal of our thesis is to green synthesize, characterize, and 

study the biological activities of silver and zinc oxide nanoparticles using O. europaea 

leaf aqueous extract. We also try to estimate their antibacterial and antimutagenic 

activities. Additionally, evaluate the protective effect of these nanoparticles against the 

negative effects of the pesticide metribuzin on biochemical parameters and oxidative 

stress in various rat tissues, as well as comparing their effects.  

Three chapters make up the first part. A bibliographic review of Olea europaea plant is 

included in the first chapter. The second chapter discusses nanoparticles, while the third 

chapter addresses pesticides.  

The experimental work is covered in the second part. Section one is based on an in vitro 

study and involve extracting plant extract, characterizing these compounds both 

quantitatively and qualitatively, synthesizing and describing silver and zinc oxide 

nanoparticles, and testing their biological activities using assays for antioxidant, 

antibacterial activity, antimutagenicity and anticoagulant activity. the second section : 

This section is based on an in vivo investigation that assessed the acute toxicity and 

protective efficacy of biosynthesised silver and zinc oxide nanoparticles against 

metabolic, physiological, and histological alterations brought on by experimental 

metribuzin used on rats.  

This is followed by an analysis and discussion of the results, ending with a conclusion as a 

general summary of the most important results we have reached through this work.  
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1. Generality 

Among the plants that are most frequently mentioned in writing is the olive. Seven times in 

the Quran, the olive tree and olive oil are mentioned, and the olive is lauded as a wonderful 

fruit. Prophetic medicine has proposed the health benefits of olive trees and olive oil. The 

Prophet Mohamed (PBUH) is told to have said: "Take oil of olive and massage with it - it is a 

blessed tree" (Sunan al-Darimi, 69:103). In the Holy book Quran fruits and fruits bearing 

plants have been cited. Olive is mentioned in Sura VI (Anam) V: 99 Olive has also been 

praised as a blessed tree and fruit in the Holy Quran (Quran, Chapter 24 Al-Noor, Verse 35) 

(Azhar et al., 2011) (Ryan and Robards, 1998). 

Given that the Bible has multiple accounts of olives in both the Old and New Testaments, the 

olive tree and its fruit are also significant in the context of religion.(Ryan and Robards, 1998). 

2. Botanical description  

The olive tree is a short, dense tree that can grow up to 10 meters tall in trees or shrubs. Its 

trunk is twisted and organically bowed, with a considerable diameter (Figure 1-a). It contains 

numerous opposing branchlets among its reedy branches. ( Hashmi  et al.,2015). 

The leaves are mucronate, shortpetioled, opposite, ovate lanceolate or lanceolate, green 

above, and hoary at the base (Figure 1-b). The flowers are much smaller than the leaves, 

arranged in short, erect, axillary racemes (Figure 1-c). The calyx is short and has four teeth, 

while the corolla is small and white with four broad, oval segments. When ripe, the ovoid, 

blackish-violet fruit is usually 1-2 cm long, smaller on wild plants than on orchard cultivators, 

has two cells, nauseatingly bitter flesh, and a sharp, pointed stone inside. Bark has a light grey 

tint (Shu, 1996) (Sarwar, 2013). 

The olive fruit is an oval-shaped drupe with an average width and length of 2-3 cm with a 

pulp-to-stone ratio of 3.0-6.5. The skin, or epicarp, pulp, or mesocarp, and stone, or endocarp, 

are the three main components of an olive fruit (Figure 1-d). Wax covers the epicarp, or skin, 

which changes color from pale green to purple, brown, or black during the growth period. The 

hard endocarp (stone), which contains the seed or kernel, can make up anywhere from 13 to 

30% of the fruit weight, whereas the mesocarp, which has soft, pulpy flesh, makes up 84–

90% of the overall fruit mass. There are 2-4 g of oil per 100 g of seed. Olive fruits can weigh 

anything between 2 and 12 grams, while certain types can weigh up to 20 grams (Boskou et 

al., 2006) ( Niaounakis and Halvadakis, 2006). 
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The only highly productive edible oil extracted by physical means from Olea europaea fruit is 

virgin olive oil. It can be distinguished from the others thanks to its sensory attributes and 

nutritional qualities (Khan et al., 2007). 

 

Figure (1): a- Olive tree. b- Olive leaves. c- Olive flowers . d- Olive fruits.(Original photo) 

3. Geographic distribution 

Native to the Mediterranean region and some parts of Asia, the olive tree (Olea europaea L.) 

is now widely grown throughout the world for olive oil and olives (Ghanbari et al., 2012). 

The Oleaceae family is best grown in Asia and Malaysia, especially in tropical and temperate 

regions of Asia (Pérez et al., 2005). similar to the continuous coastal regions of northern 

Africa, western Asia, northern Iran near the southern tip of the Caspian Sea, and southeast 

Europe. In the perspective of religion, olive trees and their fruit are significant. (Robards and 

Ryan, 1998). 
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4. Classification 

Kingdom: Plantae  

Division: Angiosperms  

Class: Eudicots  

Order: Lamiales  

Tribe: Oleaceae  

Sub-tribe: Oleinae 

Genus: Olea  

Sub- genera: Paniculatae  -  Tetrapilus   -  Olea 

Species: europaea 

Sub- species: cuspidate   -  Laprrinie  -  Maroccana  -  Cerasiformis  -  Guanchica  -  

Europaea (Green, 2002) (Ben Salem et al.,2014) 

The Oleaceae family, sometimes known as the dicotyledon family, is made up of 30 genera of 

deciduous trees and shrubs, including the olive tree and its about 600 species of relatives 

(Grohmann, 1981). (Atta-ur-Rahman, 2023). According to Bartolini and Petruccelli (2002), 

the family is divided into multiple tribes: Fontanesieae, Forsythieae, Jasmineae, Myxopyreae, 

and Oleeae. 

Although the genus Olea is well-known by almost 80 names, its namesake comes from the 

Greek "elaia" and the Latin word "oleum" (Médail et al., 2001). However, it is recognized as 

Olivo (Spanish), Oliva (Russian, Latin, and Italian), Olivo (English, French, and German), 

Zaitun (Arabic-Persian, Hindi, Urdu, and several Indian languages), and Zayit (Hebrew) in 

other languages (Goodner et al., 2000).  

There are several species in the genus Olea (Bracci et al., 2011), but Olea europaea L. is by 

far the most well-known (Kaniewski et al., 2012).According to Sarwar (2013), it is the only 

species in this genus that is utilized as food. 
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5. Bioactive compounds  

5.1. Phenolic compound and flavenoids: 

Low molecular weight polyphenols like oleuropein (up to 60–90 mg/g dry leaves weight), 

tyrosol, hydroxytyrosol, derivatives of elenolic acid, caffeic acid, p-coumaric acid, tocopherol, 

and vanillic acid, as well as flavonoids like luteolin, diosmetin, luteolin-7-glucoside, apigenin-7-

glucoside, rutin, and diosmetin-7-glucoside, have been linked to the potential health benefits of 

olive leaves (Bianco and Uccella, 2000; Tasioula-Margari and Ologeri, 2001; Ryan et al., 2003). 

Moreover, compared to individual phenolics, the combined phenolic compounds exhibit 

noticeably stronger antibacterial activity (Lee, 2010).  

According to Ghanbari et al. (2012), O. europaea is the most rich phenolic compound, 

accounting for up to 14% of its dry weight, and has a host of health benefits. 

Several phenolic compounds, such as 7-deoxyloganic acid, loganin, secologanin, loganic acid, 

secologanoside, rosmarinic acid, ferulic acid, shikimic acid, taxifolin, protocatechuic acid, gallic 

acid, and cinnamic acid, were identified through tandem HPLC-MS analysis of olive pomace 

extracts (Peralbo-Molina et al., 2012).  

O. europaea leaves contain some flavonoids as well. From the leaves of O. europaea, apigenin-7-

O-rutinoside, rutin, and luteolin-7-O-glucoside were extracted. Flavone glycosides, namely 

luteolin-7,4′-O-diglucoside, diosmetin, and apigenin-7-O-glucoside, were detected through 

analysis and quantification of leaves from several farmers (Meirinhos et al., 2005). (Savournin 

and Associates, 2001).  

Based on the aglycones apigenin, kaempferol, quercetin, and hesperitin, reversed-phase HPLC 

revealed that O. europaea leaves contained considerable amounts of flavonoids (Ficarra et al., 

1991; De Laurentis et al., 1997). 

According to Qidwai et al., (2017), the average phenolic content and flavonoid content of olive 

leaf extracts, measured in milligrams, are 16.9–25.6 mg and 9.5–24.1 mg, respectively. The 

findings showed that compared to water extract, ethanolic, methanolic, and acetone extracts had 

the highest phenolic and flavonoid concentration. Their findings revealed a statistically 

significant link between the analysis of phytoconstituents and leaf extracts (of all the solvents). 

5.2. Secoiridoid glycosides  

Secoiridoids such oleoside, ligstroside, I methyloleuropein, and oleuropein are the fundamental 

elements of olive leaves (Servili et al., 2009). As the precursors of different indole alkaloids, 

sescoiridoids are chemical components of leaves that are glycosidically bonded and generated by 

terpene secondary metabolisms. The majority of secoiridoids are produced from a class of 

glucoside oleosides known for having both glucoside and elenolic acid residues.One of the 

secoiridoids, oleeuropein (Oleeuropein 1), is a fundamental phenolic molecule present in olive 
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leaves and is responsible for the distinctively bitter flavor of several olive cultivars (Soler-Rivas 

et al., 2000).  

The oleosidic skeleton shared by the secoiridoid glucosides of the Oleaceae family, primarily in 

its aglycone form, renders the sugar moiety of oleeuropein, an ester of 2-(3,4-dihydroxyphenyl) 

ethanol (hydroxytyrosol), insoluble in oil. (Rivas and Soler, 2000). 

Oleuropein is the main component of the olive plant among the several components that have 

already been found. From a quantitative and historical perspective, this is the most significant 

element of the glucosidic portion of O.europaea. Actually, the oleuropein is the world's first 

isolated secoiridoid. Both an orhto-diphenolic and a mono-terpenic unit are found in the 

oleuropein molecule (Bianco and Ramunno, 2006). In the 1950s, oleuropein was isolated by 

Panizzi et al. (1960). After figuring out how it was made, they concluded that this component was 

among the most significant ones in charge of giving olive plant fruits and leaves its bitter flavor. 

It was the active ingredient in the olive extracts that gave them their well-known hypotensive 

effect. Recently the accurate quantitative determination of oleuropein content in olive and olive 

oil was proposed by Sindona et al., (2005). 

The methanolic extract of O. europaea's boron-deficient leaves, peel, pulp, seeds, and wood has 

been shown to contain oleeuropein (Soler-Rivas et al., 2000; Pérez-Bonilla et al., 2006; Ryan et 

al., 1999). 

The primary active ingredient of olive leaf extract, a naturally occurring part of the secoiridoid 

family. Oleuropein has been demonstrated in numerous studies to have a broad spectrum of 

pharmacologic and health-promoting qualities, including immunostimulant, antioxidant, anti-

inflammatory, spasmolytic, cardioprotective, hypotensive, and anti-arrhythmic actions (Karakaya 

et al., 2015). (Hassen and others, 2015). 

Numerous characteristics of oleuropein have been attributed to its antioxidant capabilities. 

Oleuropein can hydrolyze to provide glucose, hydroxytyrosol, tyrosol, and elenolic acid. Olive 

leaf contains oleeuropein and hydrolysis products, both of which have significant biological 

properties. According to Hasen et al. (2015), hydroxytyrosol is thought to be primarily connected 

with the health advantages of olive products. 
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Figure(2): Chemical structure of oleuropein (Bianco and Ramunno, 2006). 

5.3. Lipids 

From the fruits of O. europaea, triacylglycerols, galactolipids, and fatty acids were extracted. The 

separation of a diacylglycerol with an oleic and an elenoic acid remaining from olive pulp 

(Hashmi et al., 2015).  

Fatty acids existing in olive oil include palmitic (C16:0), palmitoleic (C16:1), stearic (C18:0), oleic 

(C18:1), linoleic (C18:2), and linolenic (C18:3). Myristic (C14:0), margaric (C17:0) and gadoleic 

(C20:1) acids are found in trace amount . Also traces of 11-cis-vaccenic and eicosenoic acids have 

been detected using C-13 Nuclear Magnetic Resonance spectroscopic method (Boskou et al., 

2006).  

5.4. Triterpenoid 

Isolation from the ethyl acetate soluble fraction of O. europaea leaves yielded various 

triterpenoids, including urs-2β,3β-dihydroxy-12-en-28-oic acid, β-amyrin, oleanolic acid, and 

erythrodiol. Hashmi et al., (2015) extracted other triterpene acids from the leaves, including 

ursolic acid, betulinic acid, uvaol, and remnant of maslinic acid..  

6. Biological activities  

Studies on epidemiology conducted in the Mediterranean area have confirmed the positive health 

effects of a diet high in fruits, vegetables, legumes, and grains. The most significant of these are 

olives, which are abundant in vitamins, polyphenols, and flavonoids that are antioxidants and help 

prevent disease. 
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6.1. Skin care  

The study found that olive leaf extract, specifically oleuropein, prevented skin thickness increases 

caused by radiation exposure. Additionally, it suppressed increases in the number of 8-hydroxy-

2'-deoxyguanosine-positive cells, melanin granule area, and matrix metalloproteinase13 (MMP-

13) production.  

This finding revealed that O. europaea extract may be crucial in reducing radiation-induced skin 

aging, early wrinkling, pigmentation, and thickness (Azhar et al., 2011).  

6.2. Antimicrobial Activity  

Additionally, phenolic compounds found in Olea europaea leaves were assessed against a wide 

range of microorganisms that have been linked to respiratory and intestinal tract infections in 

humans, including fungi, Cryptococcus neoformans, and Candida albicans, as well as Gram 

positive and Gram negative bacteria, including Escherichia coli, Pseudomonas aeruginosa, and 

Bacillus cereus. According to Pereira et al. (2007), the results demonstrated an uncommon 

combination of antibacterial and antifungal action at low dosages against the mentione. 

d species, indicating that they may have use in nutraceuticals. A study was done to evaluate the 

antifungal activity of several aliphatic aldehydes from O. europaea fruit (hexanal, nonanal, (E)-2-

hexenal, (E)-2-heptenal, (E)-2-octenal, and (E)-2-nonenal) against different strains of 

Microsporum canis, Candida spp., and Trichophyton mentagrophytes. The virulence factor 

elastase, which is crucial for the dermatophytes' colonization, was examined for its capacity to be 

inhibited by these composites. With the exception of Candida spp., all examined strains were 

inhibited by the aldehydes, which exhibited a broad spectrum effect. The elastase activity was 

reduced by (E)-2-nonenal and (E)-2-octenal in a dose-dependent manner (Battinelli et al., 2006).  

Olea europaea leaf extract exhibited antibacterial efficacy against Helicobacter pylori, 

Campylobacter jejuni, and Staphylococcus aureus (including meticillin-resistant S. aureus) 

(Sudjana et al., 2009). O. europaea was identified as a possible source of promising antimicrobial 

agents for the treatment of intestinal or respiratory tract infections in the body after it 

demonstrated antimicrobial activity against Salmonella typhi, Haemophilus influenzae, Vibrio 

parahaemolyticus, Moraxella catarrhalis, and Staphylococcus aureus (Bisignano et al., 1999). 

Certain bacteria, including Klebsiella peneumoniae, Escherichia coli, and Bacillus cereus, can 

also be inhibited from developing in vitro by oleeuropein, vanillic, and p-coumaric acids (Aziz et 

al., 1998). 

and aflatoxin formation can be significantly decreased in the presence of 6 mg/mL oleuropein 

(Gourama and Bullerman, 1987). 

Research is still ongoing to determine whether oleuropein has antibacterial properties in the 

human body through in vivo tests (Soler-Rivas et al., 2000). 
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Olive leaves are resistant to insect and microbiological damage. According to research conducted 

in vitro, the leaves are a potent antibacterial agent that can combat a wide range of infections 

(Ben Salem et al., 2014).  

6.3. Anticancer Activity 

It has been demonstrated that oleeuropein's anti-cancer action inhibits the migration and 

proliferation of several high-grade human cancer cell lines in a concentration-dependent way 

(Carrera-González and associates, 2013).  

It has a protective effect against the oxidation of low-density lipoprotein, as demonstrated by the 

estimate of the decreased production of thiobarbituric acid-reactive substances (TBARS, which 

are naturally occurring in organic specimens and include lipid hydroperoxides and aldehydes that 

increase in dose in response to oxidative stress), malondialdehyde (a composite that results from 

the breakdown of lipid peroxides composed of polyunsaturated fatty acid), and 4-hydroxynonenal 

(4-HNE), which are by-products of lipid peroxides (Armstrong and Browne, 1994) (Visioli et al., 

1995).  

To elucidate the underlying mechanisms of action, oleeuropein's activity on human colon 

adenocarcinoma (HT-29) cells has been assessed in relation to its hydrolysis product, 

hydroxytyrosol. The assay for sulforhodamine B (SRB) was employed to identify cell 

proliferation, whereas Western blot and flow cytometry were utilized to evaluate apoptosis and 

modifications in HIF-1α and p53 regulation, respectively. The results of cell growth inhibition 

showed that hydroxytyrosol was more active than oleuropein, while oleuropein demonstrated a 

significant rise in the presence of an apoptotic population. The findings showed that oleuropein 

stimulates the p53 pathway, which modifies the HIF-1α response to hypoxia and inhibits the 

development of HT-29 cells by inducing apoptosis (Cárdeno et al., 2013).  

6.4. Antidiabetic and antihyperlipedemic activity 

According to Azhar et al. (2011), the olive leaf has antihypertensive and cholesterol-lowering 

properties in humans. 

For a period of six weeks, rabbits placed on a control, hyperlipid, or hyperlipid diet supplemented 

with O. europaea enhanced with hydroxytyrosol demonstrated the anti-atherosclerotic effect of 

O. europaea. Compared to the rabbits in the plant extract group, the rabbits in the high-lipid diet 

group exhibited greater levels of triglycerides, cholesterol, and LDL as well as a thick layer of 

lipid deposit in the aortic intima. These findings confirmed the anti-artherosclerotic properties of 

olive leaf, which are most likely connected to the reduction of inflammation (Poudyal et al., 

2010). 

Good antioxidants may be used to treat antidiabetic patients, according to Al-Azzawie and 

Alhamdani (2006), since oxidative stress reduction lowers blood glucose levels. To reduce 
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oxidative stress, they administered oleuropein, a potent antioxidant found in abundance in O. 

europaea fruit and leaves, to hypoglycemia alloxan-diabetic rabbits. Oleuropein (20 mg/kg body 

weight) was administered to the diabetic rabbits for a maximum of 16 weeks. Following therapy, 

it was found that the majority of antioxidants and blood glucose levels had returned to levels that 

were comparable to those of the rabbits in the normal control group. The results of the 

investigation demonstrated oleuropein's antihyperglycemic and antioxidant properties.  

The effects of the leaf extract on normal and diabetic rats were compared in a study. The mice 

were given injections of streptozotocin to cause diabetes. The extracts were given orally to the 

rats at concentrations of 100, 250, and 500 mg/Kg of body weight, whilst Glibenclamide, the 

reference medication, was given for two weeks at a dose of 600 μg/Kg. The extract had a stronger 

antidiabetic impact than Glibenclamide, the medication of reference. More intriguingly, O. 

europaea raised serum insulin levels in the diabetic group and not in the normal rat population, in 

addition to reducing serum glucose, total urea, creatinine, uric acid, cholesterol, and triglycerides. 

According to the study, olive leaf extract has potential application as an anti-diabetic medication 

(Eidi et al., 2009). 

Two potential tools have been proposed to explain the hypoglycemic action of oleuropein: 

enhanced peripheral glucose absorption and enhanced glucose-induced insulin release. It has been 

discovered that oleuropein speeds up the body's absorption of glucose, resulting in lower plasma 

glucose levels (Ben Salem et al., 2014). 

Oleuropein, the main secoiridoid glycoside found in all of O. europaea's components, was 

thought to be the only factor responsible for the plant's antidiabetic properties. The G-protein 

coupled receptor TGR5, which is the first cell surface receptor activated by bile acids, was found 

to be an agonist by Sato et al. When given to mice fed a high-fat diet, oleanolic acid significantly 

reduced insulin and serum glucose levels and improved glucose tolerance. Based on their 

findings, they proposed that the antidiabetic properties of olive leaves were caused by both 

oleanolic acid and oleeuropein ( Sato et al.,2007) . 

6.5. Antihypertensive Activity  

In rats made hypertensive by daily oral administration of dosages of L-NAME (NG-nitro-L-

arginine methyl ester) at 50 mg/kg for at least one month, the olive leaf extract demonstrated 

blood pressure reducing action (Khayyal et al., 2002).  

It has been discovered that the unripe olive fruit extract possesses Ca
+2

 channel blocking action, 

which is thought to be the reason for its efficacy in treating cardiovascular conditions like 

hypertension (Gilani et al., 2005).  

Preparations of O.europaea have been widely used in folk medicine as a diuretic, hypotensive, 

emollient, and treatment for bladder and urinary infections throughout the European 
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Mediterranean region, the Arabian Peninsula, India, and other tropical and subtropical areas. 

(Samova et al., 2003) . 

Heart disease is caused by hypertension, which also, if left untreated, can lead to peripheral 

arterial disease, chronic renal disease, and artery stroke. It has been shown that a number of 

natural products work well to lower hypertension. Three triterpenoids—ursolic acid, uvaol, and 

oleanolic acid—isolated from Olea europaea leaves were investigated for their cardiotonic 

effects. Because of the notable concentration-response vasodepressor effects of oleanolic acid and 

uvaol, olive oil was suggested as a cheap and natural way to treat hypertension (Samova et al., 

2004). 

6.6. Antioxydant activity 

It is commonly acknowledged that the olive tree, through its fruits, leaves, and oil, has the highest 

antioxidant activity among all natural antioxidants (Servili et al., 1999). It is commonly 

recognized that the presence of several significant antioxidant and phenolic components to 

prevent oxidative damage accounts for the olive tree's product extract activity in the medical and 

food industries (Lins  et al.,2018).  

It has long been known that the olive tree contains chemicals linked to the prevention of certain 

diseases, including caffeic acid, ligstroside, and antioxidants including tyrosol, hydroxytyrosol, 

and oleuropein (Castellano  et al., 2015) (Servili et al., 2009)  . 

In the past, oleuropein was shown to have cardioprotective, lipid-regulating, and antidiabetic 

properties, especially in animal and cell culture models (Khan et al., 2007) (Bali et al., 2014) ( 

Al-Azzawie and Alhamdani, 2006). 

In living things, lipid peroxidation is linked to aging, membrane damage, heart disease, stroke, 

and cancer. The use of synthetic antioxidants could halt this oxidative process, but it is now 

known that natural antioxidants are safer than synthetic ones ( Mancini Filho et al., 1998). 

6.6. Thyroid activities  

 After giving rats an aqueous extract of olive leaves for two weeks, the rats' T3 levels rose and 

their circulating levels of thyroid stimulating hormone decreased. This may have happened 

through a feedback mechanism, but generally speaking, the extract stimulates the thyroid without 

affecting the pituitary (Al-Qarawi, et al., 2002) .  
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Figure(3): domain applications of O. europaea. 
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1. Nanotechnology 

Nanoparticles are minuscule particles of metals and metal alloys that typically have a size 

range of 5 to 100 nanometers (nm) (Hussain et al., 2016) . 

NPs come in a variety of sizes, forms, and configurations. They may have unusual shapes or 

be spherical, cylindrical, conical, tubular, hollow core, spiral, etc (Ealia and Saravanakumar, 

2017).  

The surface area of these metals at the nanoscale is significantly higher than that of their 

standard sized equivalents. Moreover, they have distinct chemical and physical characteristics 

because of their tiny size, surface and contact effects, and quantum effects. Numerous kinds 

of nanoscale metals have a wide range of uses in biology, medicine, and engineering (Zhao et 

al., 2016).   

NPs have greater structures than their counterparts despite their modest size. Their unique 

characteristic makes them potentially useful in a variety of sectors, including biosensors, 

nanomedicine, and bionanotechnology (Ashe, 2011).  

 The size, content, crystallinity, and shape of metal nanoparticles, such as zinc oxide, TiO2, 

and silver, are the primary characteristics that define their intrinsic qualities. Their 

mechanical, electrical, chemical, structural, optical, and morphological qualities can all be 

altered by shrinking them to the nanoscale. Because of these altered characteristics, the 

nanoparticles can interact with cell biomolecules in a novel way, which makes it easier for 

them to physically get within cellular structures (Rasmussen et al., 2010) . 

High surface reactivity is a result of nanostructured materials having a higher fraction of 

atoms at their surface. Consequently, nanomaterials have recently gained a great deal of 

significance in both bionanotechnology and the fundamental and applied sciences.  

2. Synthesis of nanoparticles 

The creation of nanoparticles can be approached through three primary methods: chemical, 

biological, and physical approaches. The chemical and biological approaches together are 

referred to as the bottom-up strategy, while the physical approach is also known as the top-

down approach. Another name for the biological approach is "green systems of NPs". 
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Figure (4): Top-down and bottom-up approaches to realizing nanoparticles. 

2.1.  Bottom-up method 

Bottom-up or constructive method is the build-up of material from atom to clusters to 

nanoparticles. 

2.1.1. Sol-gel  

The sol : a colloidal solution of solids suspended in a liquid phase.  

The gel : a solid macromolecule submerged in a solvent.  

Because it is the easiest way to use and can synthesize the majority of nanoparticles, the most 

popular bottom-up strategy is this one. In this wet chemical process, a chemical solution 

serves as a precursor for an integrated system of discrete particles. Metal oxides and chlorides 

are frequently used as precursors in the sol-gel process (Anu Mary Ealia and Saravanakumar, 

2017).    

Following the distribution of the precursor in a host liquid through shaking, swirling, or 

sonication, a liquid and a solid phase make up the resulting system. Using a variety of 

techniques, including filtration, sedimentation, and centrifugation, a phase separation is 
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performed to recover the nanoparticles, and dehydration is used to eliminate any remaining 

moisture  (Mann et al., 1997) .  

2.1.2. Coprecipitation  

It is a wet chemical method that uses a solvent displacement technique. Solvents include 

acetone, ethanol, hexane, and non-solvent polymers. Phases of polymers might be natural or 

manufactured. The polymer-solvent quickly diffuses into the non-solvent phase of the 

polymer domino effect by mixing the polymer solution. The ramifications of interfacial stress 

at two stages in the creation of nanoparticles (Das and Srivasatava, 2016).  

One of the key advantages of this technology is its inherent capacity to generate large 

amounts of water-soluble nanoparticles via a simple procedure. Several commercial iron 

oxide nanoparticle-based magnetic resonance imaging contrast agents, such as Combidex, 

Feridex, and Reservist, are made using this process (Baig et al., 2021 ) . 

2.1.3. Chemical vapour deposition  

During CVD, vapor-phase precursors are used in a chemical process to produce a thin coating 

on the substrate surface (Dikusar et al., 2009).   

If precursors have a long shelf life, good chemical purity, strong evaporation stability, low 

cost, and no harmful properties, they are considered suitable for CVD. Furthermore, no 

pollutants should be left behind after it breaks down. Chemical vapour deposition (variations) 

include vapor phase epitaxy, atomic layer epitaxy, metal-organic CVD, and plasma-enhanced 

CVD. Benefits of this approach include the production of extremely pure, uniform, robust, 

and stiff nanoparticles (Ago, 2015) . 

Nanoparticles produced by CVD are extremely pure, consistent, robust, and hard. The need 

for specialized equipment and the relatively safe gaseous byproducts are the drawbacks of 

CVD (Anu Mary Ealia and Saravanakumar,2017).  

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10168541/#B12
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2.1.4. Pyrolysis  

The most often utilized method in industries for producing nanoparticles on a big scale is 

pyrolysis. It entails setting a predecessor on fire. The precursor is injected into the furnace at 

high pressure through a tiny hole where it burns and can be either liquid or vapor (Kammler et 

al., 2001).  

The nanoparticles are then recovered by air classifying the combustion or byproduct gases. 

Certain furnaces generate high temperatures that facilitate easy evaporation by using lasers 

and plasma in place of flames. This technique has the advantages of being straightforward, 

economical, effective, continuous, and yield-maximizing (Amato et al., 2013).  

Hydrothermal synthesis often occurs at temperatures ranging from room temperature to 

extremely high temperatures. When comparing this method to biological and physical 

methods, there are several advantages (Patil  et al., 2021) . 

2.1.5. Biosynthesis  

The development of clean, nontoxic, and environmentally acceptable "green chemistry" 

processes—which can involve microorganisms like fungi, bacteria, and even plants—would 

be beneficial for the synthesis of nanoparticles. Consequently, it is recognized that both 

unicellular and multicellular organisms can create inorganic minerals extracellularly or 

intracellularly (Prashant Mohanpuria  et al., 2008) .  

In theory, both microbes and plants use the same process to synthesize nanoparticles. Using a 

reducing agent, metal salts made up of metal ions are first reduced to atoms. After that, the 

acquired atoms nucleate in tiny clusters that eventually form particles. According to Shanker 

et al., (2003), secondary metabolites were found in the water-soluble fractions of geranium 

leaves, and it was postulated that terpenoids helped reduce silver ions and oxidized them to 

carbonyl groups. Characterization examination of the study suggested a protein implicated in 

the surface capping of gold nanoparticles generated using geranium leaf extract and the ester 

C=O group of chlorophyll functioning as a reducing mediator (Shankar  et al.,2003). 
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Figure(5): Schematic diagram for biosynthesis of NPs (Altammar, 2023). 

2.2. Top-down method  

Top-down or destructive process is the reduction of a bulk material to nanometric scale 

particles. It is physical approach. 

 2.2.1. Mechanical milling  

A straightforward technique for creating nanostructures from bulk materials is mechanical 

milling. It is a useful procedure that yields blends of several phases and facilitates the creation 
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of nanocomposites. Aluminum alloys enhanced by oxide and carbide, wear-resistant spray 

coatings, aluminum, nickel, magnesium, and copper-based nanoalloys, and several other 

nanocomposite materials are all produced by mechanical milling (Prasad Yadav  et al., 2012) . 

Ball-milled carbon nanomaterials are thought to be a novel class of nanomaterial that offers 

the potential to meet the needs of energy conversion, energy storage, and environmental 

remediation  (Lyu  et al., 2017) . 

2.2.2. Nanolithography 

The construction of nanometric scale structures with at least one dimension in the nano-size 

range is the subject of the research of nanolithography. Numerous techniques exist for 

nanolithography, such as optical, multiphoton, electron-beam, and scanning probe lithography 

(Pimpin and Srituravanich, 2012) . 

The method of printing a necessary shape or structure on a light-sensitive substance by 

selectively removing material to get the desired shape and structure is known as lithography. 

The ability to create clusters with the appropriate size and shape from a single nanoparticle is 

one of nanolithography's primary benefits. The drawbacks include the need for sophisticated 

equipment and the corresponding expense (Hulteen et al., 1999)  .  

2.2.3. Sputtering  

Sputtering is typically done in an evacuated chamber that has been supplied with sputtering 

gas. Gas ions are created when free electrons clash with the gas at a high voltage applied to 

the cathode target. Positively charged ions rapidly speed in the electric field in the direction of 

the cathode target, which they repeatedly strike, ejecting atoms from the target's surface 

(Muñoz-García   et al., 2009) . 

On SiO2 and carbon paper substrates, WSe2-layered nanofilms are created via magnetron 

sputtering (Nam   et al., 2020) . 

Sputtering is a remarkable technology because it produces nanomaterials with a composition 

that is identical to the target material but with fewer imperfections, and it is less expensive 

than electron beam lithography (Nie et al., 2009) . 
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2.2.4. Sonication  

Sonication is the most important stage in the production of nanofluids. Following magnetic 

stirring of the mixture in a magnetic stirrer, sonication takes place in a mechanical 

homogenizer, ultrasonic vibrator, and ultrasonication path. When compared to ultrasonic 

cleaning baths for nanoparticle applications, sonicators are notably more powerful and 

effective, and they have become the industry standard for sonicating probes. When processing 

nanomaterials (graphene, inks, carbon nanotubes, metal oxides, etc.), probe sonication is a 

very useful technique (Zheng et al., 2010).  

3. Silver nanoparticles 

Silver nanoparticles are composed of silver and have a nanoscale range. Because of their 

small size, high surface area-to-volume ratio, and capacity to absorb and scatter visible and 

near-infrared light, they have special chemical and physical properties. Silver nanoparticles 

may exhibit additional anti-microbial properties not exhibited by ionic silver due to their very 

tiny size and high surface-to-volume ratios, which result in physical and chemical changes in 

their characterization compared to their bulk counterparts (Shenashen et al., 2014).  

One of the most well-liked materials at the moment is silver nanoparticles, which have been 

studied by nanostructures generated by nanotechnology in recent decades. Particles with high 

specific surface area, surface energy, surface activity, and catalytic efficacy are known as 

silver nanoparticles (NPs). Ag's fundamental adaptability allows for a variety of synthesis 

techniques, including chemical, biological, and physical synthesis techniques, to be used to 

create AgNPs  (Penghu et al.,2023).   

For  their properties, particularly antibacterial properties (Patil et al., 2021) , AgNPs are 

widely used in a range of applications, like as food packaging, medical products, medical 

devices and other fields, . With the increasing usage of silver nanoparticles products, also 

AgNPs can cause a variety of ecological and human health problems (Lee and Jun, 2019) 

(Kumar et al., 2018)  

As a result, we need to learn more about the toxicity of AgNPs and their adverse effects. In 

the heart, liver, spleen, brain, lungs, kidneys, and other organs, silver nanoparticles (NPs) can 

pass through biological membranes, enter cells directly, and aggregate, potentially affecting 

the physiology (Park et al., 2010). Gaining knowledge about how these many elements impact 

https://www.sciencedirect.com/science/article/pii/S0147651323001409#bib76
https://www.sciencedirect.com/science/article/pii/S0147651323001409#bib71
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AgNP toxicity is crucial. Nevertheless, self-factors are sometimes the most disregarded. 

Furthermore, it's still unclear just how hazardous silver nanoparticles are (Penghui  et al., 

2023) .  

Table (1): Exemples of biosynthesis of silver nanoparticles using plant extract. 

 

Plant extract Protocol Study 

Prunus 

persica extract 

10 mL ( 0.01 M) aqueous 

solution of silver nitrate + 

into the  extract  

(Kumar et al., 2017) 

  

Turmeric extract 2 mL of the powder + 8 mL of 

1 mM AgNO3 aqueous solution  

(Alsammarraie et al., 2018)  

Boerhaavia diffusa 10 mL of the extract + 90 mL ( 

0.1 M) AgNO3 solution  

(Kumar et al., 2014) 

 

Punica granatum leaf 

extract 

leaf extract + aqueous solution 

of AgNO3 (1 mM) (1:10 ratio)  

(Saratale et al, 2018) 

 

Anthocyanin extracts AgNO3 (1 mM) + extracts  (Abbasi et al, 2019)  

 

 

 

4. Zinc oxid nanoparticles 

Zinc oxide nanoparticles are zinc particles that range in size from 1 to 100 nm. The wide band 

gap semiconductor zinc oxide (ZnO) NPs have an energy gap of 3.37 eV at ambient 

temperature. It has shown to be highly valuable due to its electrical, optoelectronic, catalytic, 

and photochemical characteristics (Kumar et al., 2013) . 

Current research is looking into the use of zinc oxide nanoparticles in both micro and 

nanoscale formulations as an antibacterial agent. When ZnO particles are reduced to the 

nanoscale range, they begin to show notable antibacterial activity. The nanosized ZnO can 

then interact with the bacterial surface and/or the bacterial core where it enters the cell, 

displaying unique bactericidal mechanisms. These special compounds often have harmful 
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relationships with bacteria, which have been used for antimicrobial purposes including food 

production (Seil and Webster, 2012) . 

It is noteworthy that a number of studies have revealed ZnO nanoparticles to be non-toxic to 

human cells. This has made them useful as antibacterial agents, detrimental to 

microorganisms, and having good biocompatibility with human cells (Colon  et al., 2006) 

(Padmavathy  and Vijayaraghavan , 2008).  

According to Seil and Webster (2012), nanoparticles' high specific surface area-to-volume 

percentages and distinctive physicochemical characteristics are usually credited with their 

diverse antibacterial mechanisms. Though a number of proposed procedures have been 

proposed and accepted, the exact mechanisms are still up for discussion. The field of 

nanomaterials and the phenomenon underlying nanostructured materials would benefit from 

studies on antibacterial nanomaterials, particularly ZnO nanoparticles (Sirelkhatim et al., 

2015).  

Phytocompounds that are secreted by plants include vitamins, amino acids, alkaloids, 

terpenoids, polyphenols, and polysaccharides. These compounds can act as stabilizing or 

capping agents in addition to reducing agents. Additionally, these ingredients turn metal 

oxides or ions into zero valence metal nanoparticles. Therefore, this green approach of 

nanoparticle manufacturing does not require the use of capping or stabilizing chemicals. 

Table (2): Exemples of biosynthesis of zinc oxide nanoparticles using plant extract. 

Plant extract Protocol Study 

Trifolium pratense 

(flower) 

30 ml extract + 30 ml 0.5 M 

ZnO.  

(Dobrucka et al., 2016) 

 

Catharanthus roseus 

(leaf) 

The aqueous extract + 0.025 M 

Zinc acetate + pH 12 

(Bhumi and Savithramma, 2014) 

 

Murraya koenigii 

(seed) 

20 mL of extract + 80 mL of zinc 

nitrate (ZnNO2) + 2.0 M NaOH 

solution  

(Sundaraselvan and Quine 

,2017) 

 

Passiflora caerulea 1 mM Zinc acetate (Santhoshkumar et al., 2017) 
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(Leaf) [Zn(O₂ CCH₃ )₂ (H₂ O)₂ ] + 

Then 20 mL of NaOH solution + 

the Zinc acetate solution +25 mL 

of extract  

 

 

Polygala tenuifolia 

(root) 

 

dried roots (10 g) + 100 mL H2O 

and then filtered + Zinc nitrate (3 

g) was then dissolved in the plant 

extract  

(Nagajyothi et al ., 2015) 

 

 

5. Applications of Nanoparticles 

Because of their aforementioned special or improved physicochemical characteristics, 

nanomaterials are used in many different sectors for a variety of purposes. Research and 

development also has a number of possible uses. Here are a few instances of these 

applications.  

5.1. Biomedical applications  

Nanoparticles are made to disrupt the polymer sub-group of the cell membrane in organisms 

that cause sickness. The antithetical function of nanoparticles efficiently impedes the 

production of proteins and damages bacterial cell membranes. When compared to low doses, 

higher doses of silver nanoparticles caused membrane rupture and successfully broke the 

bacterial cell wall. Ag nanoparticles mediated by R. apiculate extract exhibited a slower 

growth rate than bacterial cells exposed to silver nitrate. This could be due to the interaction 

between the nanoparticles and enhanced external stimuli, which resulted in induced cell 

membrane rupture and cell interruption (Antony  et al., 2011). Another significant potential 

use for nanoparticles is targeted medicine delivery. ZnO and Fe3O4 nanoparticles were 

effectively employed for targeted medication delivery and tumor cell destruction. 

At the same time, nanoparticles like TiO2, ZnO, CuO, and BiVO4 are being utilized more 

frequently in medical devices like catheters due to their antimicrobial and antibacterial 

properties (Joudeh and Linke, 2022).  Gold nanoparticles, for example, effectively absorb 

light and transform it into localized heat, which can be used for cancer photothermal therapy 

selectively; heat produced in tumor tissue for the death of cancer cells (Huang et al., 2007).  
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Furthermore, gold nanoparticles' distinct optical characteristics make them an excellent choice 

for photodynamic treatment, which uses light to induce a medication to destroy tumor cells. 

(Elahi et al., 2018) . 

Effective antiviral compounds found in nanoparticles prevent the virus from spreading before 

it reaches the host cell. The metallic nanoparticles that are biosynthesized exhibit many 

coupling behaviors that allow them to interact with viral cell populations and manipulate their 

structural makeup. The bio-associated NPs have a potent anti-viral and anti-cell-mediated 

broad-spectrum agent role. Moreover, gold and silver nanoparticles significantly reduce HIV-

1 lifespan prior to arrival. Additionally, nanoparticles can combat retroviruses with their 

antiviral capabilities (Ambrose  et al., 2022) .  

Gold nanoparticles come in a variety of sizes and shapes, and they have unique properties that 

make them useful in biomedical applications. These include targeted drug delivery, 

photothermal therapy, antiviral therapy, anticancer therapy, medical imaging, biomarkers, 

biosensors, biocatalysis, and intracellular analysis (Chahardoli et al., 2018) . 

One of the most serious illnesses in the world is cancer. A great deal of effort has been put 

into finding new natural treatments that can slow the progression of cancer and even cure it, 

due to the many side effects of traditional cancer therapy and their unfavorable tolerance 

performance. The analysis of cancer can benefit greatly from the use of silver nanoparticles. 

The p53 tumor suppressor was urged to become active by the silver nanoparticles. 

Furthermore, Ag nanoparticles are used to treat fibroblasts that are not cancerous but have a 

stronger harmful response to cancer cells (Abdel-Fattah and Ali, 2018). 

Furthermore, iron nanoparticles hold greater significance in the field of biomedicine. Iron 

nanoparticles made from the flat-crown (Albizia adianthifolia) leaf extract are used to treat the 

cancer cell lines MCF-7 and AMJ-13 and induce apoptosis (Sulaiman et al.,2018).  

Additionally, iron nanoparticles made from sugar apple (Annona squamosa) leaf extract 

demonstrated a potent cytotoxic response against the HepG2 cancer cell line. Similarly, iron 

nanoparticles produced from Babchi (Psoralea corylifolia) leaf extract shown anti-cancer 

efficacy against the Kaki-2 cell line used to study renal carcinoma. The process of creating 

nanoparticles via biosynthesis proved crucial for treating infections in humans  (Vijayaram  et 

al., 2024) . 

Moreover, the biosynthesised nanoparticles may serve as an alternative medication for the 

treatment of hyperglycemia. Daisy and Saipriya (2012) concur that gold nanoparticles have 
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superior therapeutic action in the management of diabetes. In diabetic mice exposed to 

AuNPs, the ratio of hepatic enzymes, including alanine movement, serum creatinine, uric 

acid, and alkaline phosphatase, is substantially reduced. According to Daisy and Saipriya 

(2012), gold nanoparticles treated to a diabetic mouse showed a decrease in the HbA 

(glycosylated hemoglobin) scale, which was controlling the standard scale. 

According to a study by Swarnalatha et al. (2012), in an animal investigation, biomedically 

produced AgNPs from Sphaeranthus amaranthoides reduced a-amylase and a carbohydrate 

sugar in diabetes.   

On the other hand, utilizing a rat model for an ablation and heat wound, the wound-healing 

capabilities of silver nanoparticles produced from Aspergillus niger extracellularly were 

investigated. According to a different study, silver nanoparticles (NPs) possess potent 

antibacterial qualities and can regulate the amount of cytokines that are produced during 

wound healing.(Karunakaran et al., 2024).  

 

Figure (6): Methods of nanoparticles killing bacteria. 
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5.2. Applications in agriculture 

In agriculture, nanoparticles are mostly employed as nanopesticides and nanofertilizers. 

Chemical fertilizers perform poorly because of volatilization and leaching. When this 

happens, planters typically respond by applying excessive amounts of fertilizer, which boosts 

crop yield but has an adverse effect on the environment (Usman  et al., 2020) . Because of 

this, the scientific community is paying close attention to the development of alternative 

strategies to guarantee the sustainable use of nutrients. Here, nanotechnology is applied to 

improve the accessibility of poorly-available nutrients, decrease the loss of mobile nutrients, 

and provide slow-release fertilizers. Nanomaterials that are nutrients in and of themselves or 

that serve as carriers or additions for the nutrients (for example, by combining with minerals) 

are known as nanofertilizers (Kah et al., 2018). Nutrients can also be encapsulated into 

nanoparticles to create nanofertilizers (DeRosa, 2010) . 

Since NPs have a larger surface area, a smaller particle size, and a well-established reactivity, 

there has been an increase in interest in using them to remediate contaminated soils, mostly 

through chemical oxidation, sorption, or reduction (Guerra  et al., 2018) . 

Titanium oxides are another metal-based substance that is regularly researched for 

environmental cleanup. They have been thoroughly investigated for their demonstrated cheap 

cost, nontoxicity, semiconducting, electronic, gas sensing, and energy-converting qualities as 

well as for use as photocatalysts in water remediation applications, waste treatment, and air 

purification (Li et al., 2008) .  

Electronic noses (EN), which are thought of as artificial intelligence systems and the next 

generation of sensors, have also been developed using nanotechnology. They have been 

widely used in agriculture to assess plant diseases, insect infestations, soil and water 

pollution, and industrial processes (Hu et al., 2019). The widespread use of food products and 

farming practices based on nanoparticles, as well as the less common usage of immobilized 

nano-sensors, have prompted worries about the health of humans and the environment, even 

while nanotechnology has revolutionized smart agriculture and decreased associated risks. 

Nanobio-ecointeractions are complex, making it difficult to measure their activity in soils. 

Therefore, it is advised to use a holistic approach to comprehend these relationships in the 

soil, plant, and air cycles, as well as the food chain (Hu et al ., 2019) . 

Using adsorption, filtration, and oxidation processes, nanomaterials have been effectively 

used to purify air and water more efficiently than with traditional methods. AgNPs have 



CHAPTER II: Nanoparticles 

 

28 

 

broad-spectrum antibacterial activity against a variety of Gram-negative and Gram-positive 

bacteria, as well as strains of antibiotic-resistant bacteria (Durán et al., 2005)  . 

In a different investigation, soils were exposed to varying concentrations of ZnO and TiO2 

nanoparticulates in microcosms for more than two months. The results demonstrated that the 

particles had an inhibitory effect on microbial activity by negatively affecting substrate-

induced respirations. Meanwhile, because of these nanomaterials that altered enzyme activity, 

the diversity and composition of the soil bacterial community decrease  (Ge  et al., 2011) .  

5.3. Food industry 

Around the world, food safety is becoming a more important concern for public health. 

Ensuring that food, in its prepared and eaten forms, will not cause harm to the person 

consuming it is the fundamental goal of food security. Food must be protected against any 

possibility of physical, chemical, or biological pollutants during manufacture, storage, and 

distribution. Recent developments in nanotechnology have revolutionized the food sector. 

This is because nanotechnology has several uses in the treatment, security, and safety of food. 

It has also made progress in extending its useful life, enhancing its nutritional content, and 

removing undesired substances from packaging (Singh  et al., 2023).  

Despite toxicological concerns, nanomaterials have significant uses in a number of food 

industry-related processes, including food processing, preservation, and packaging. One 

important and potentially fruitful player in this market is TiO2 NPs. Their ability to combat 

microbes through photocatalysis makes them a fascinating material for food packaging 

(Othman  et al., 2014) . 

In order to pack minced meet at refrigerator temperature (4 °C), for example, polyvinyl 

chloride doped with Ag NPs was tested; the results demonstrated that silverNPs greatly 

assisted to slow down bacterial growth, improving the shelf-life of minced meet from week to 

week ( Mahdi  et al., 2012) .  

In addition to improving product shelf life, texture, and aroma, additional nanoparticles and 

nanoscale food additives are utilized to influence nutritional content. They can also be used to 

identify food pathogens, which provide hints about the requirements of food quality (Bott et 

al., 2014) . 
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6. Toxicity of nanoparticles 

Because of their tiny size, nanoparticles are able to easily enter the human body, pass through 

a number of biological barriers, and possibly even reach the most sought-after organs. 

(Pourmand and Abdollahi , 2012) .  According to scientific theories, particles smaller than 10 

nm behave like gases, can easily permeate human tissues, and may even disrupt normal cell 

function (Vishwakarma  et al., 2010) .  

Studies on the bodies of humans and animals have revealed that, in addition to the lungs and 

gastrointestinal system, nanoparticles are also transported to the liver, kidney, heart, spleen, 

and brain following inhalation and oral contact. Immune system components are engaged to 

help the body eliminate these NPs. Since NPs have an estimated half-life of 700 days in 

human lungs, they constantly endanger the respiratory system. A portion of the NPs 

accumulate in the liver tissues during metabolism. When compared to larger particles of the 

same chemical substance, nanomaterials are more harmful to human health, and it is 

commonly proposed that the toxicity of NPs is inversely related to their size (Bahadar et al., 

2016) .    

It has been discovered that coming into touch with nanoparticles activates proinflammatory 

cytokines and chemokines, which in turn attract inflammatory cells and affect immune system 

homeostasis. This can result in allergy, autoimmune, or neoplastic disorders ( Roy et al., 

2014). 

In experiments, after mice were exposed to silver nanoparticles by subcutaneous injection or 

inhalation, Ag NPs were found in the lungs, spleen, kidney, liver, and brain (Tang  et al., 

2009).  

Furthermore, these NPs have demonstrated greater toxicity than others in terms of cell 

survival, reactive oxygen species generation, and lactate dehydrogenase (LDH) leakage 

(Hussain et al., 2005) . Foldbjerg et al.,
 
( 2011) have reported a dose-dependent cytotoxicity, 

and cellular DNA adduct formation.
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1. Definition  

Chemical compounds or biological agents are used as pesticides to draw in, entice, eliminate, 

or dilute any dangerous creature. They are mostly used in agriculture to shield plants from 

weeds, insects, and bacterial or fungal infections while they are growing, as well as to keep 

food safe from rodents, mice, insects, and other biological pollutants while it is being stored 

(Bolognesi and Merlo, 2011). Certain pesticides, including herbicides, are used to trim trees, 

bushes, and weeds along roadsides. They are also typically used to remove undesired aquatic 

vegetation in ponds and lakes. Others are employed to eradicate or halt the development of 

insects or fungus that damage crops (Gupta, 2011). 

According to Calvert et al. (2008), agriculture in the United States uses the most pesticides. In 

Europe, overall pesticide use did not significantly decrease in the WHO European Region 

between 1990 and 1990, despite global efforts to encourage the sustainable use of pesticides 

in agriculture and a real decrease in use in individual countries (Robertson  et al., 2004) . 

Many outdated, non-patented, more hazardous, ecologically persistent, and low-cost chemical 

types are utilized extensively in underdeveloped countries, leading to serious acute health 

issues as well as local environmental damage (Ecobichon, 2001). Consequently, the risk of 

pesticide exposure is higher for agriculturalists and farm workers than for normal non-

agricultural workers, who make up the majority of individuals who are exposed to pesticides 

on a regular basis. 

2. Classification  

Any component or combination of compounds intended to eliminate, repel, or otherwise 

control a "pest," such as insects, snails, rodents, fungi, bacteria, or weeds, is referred to as a 

"pesticide" (Bolognesi and Merlo, 2011).  

The "green revolution" led to a sharp rise in the use of pesticides, which greatly boosted 

output and broadened the variety of pesticide products available. To identify the optimal 

pesticide for the intended application, it is imperative to create a classification system that 

would offer critical guidance amidst the multitude of currently available chemicals. When 

compiling the classification of pesticides it is very hard to meet one distinct principle, so in 

most cases, combined approaches are preferred.  
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There are three common faces allowing to which pesticides may be categorized: 

- Assignment (kind of pest, object ) : (Abdollahi et al., 2004)  

- Insecticides (e.g, organophosphates, organochlorines, carbamates). 

- Fungicides (e.g, dithiocarbamates, captan) 

-  Herbicides (e.g, paraquat, diquat, 2,4-dichlorophenoxyacetic acid [2,4-d]). 

- Rodenticides (e.g, anticoagulants) 

- Fumigants (e.g, ethylene dibromide, methyl bromide)  

- Method of pesticide influence : (Lushchak et al., 2018) 

- Contact: occasionally working externally to dry the pest's body or release a gas-a thin layer 

that obstructs regular gas exchange, or in other situations, seeping into the integument and 

attacking the neurological system, etc.,  

- Systemic: pesticides just pass through biological barriers to impact every organ. 

-Fumigants: chemical mixtures that impact the bloodstream, living things' neurological 

systems and enzymes, and sophisticated preparations when inhaled.  

- Chemical composition of the pesticide  

It is the most precise way to distinguish between the various classes and subclasses of 

compounds with a wide range of structurally varied chemical properties. From this, the most 

modern pesticides can be divided into the following classes based on their chemical structure: 

(Franco et al., 2010)  

- Organochlorines (e.g., endosulfan, hexachlorobenzene) 

- Organophosphates (e.g., diazinon, omethoate, glyphosate) 

- Carbamic and thiocarbamide products (e.g., aldicarb, carbofuran, oxamyl, carbaryl) 

- Carboxylic acids and their products (e.g., pentanal, butanamide) 
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- Urea products (e.g., fenuron, metoxuron,..) 

- Heterocyclic  elements (e.g., benzimidazole, triazole derivatives) 

- Hydrocarbons, ketones, aldehydes and their products (e.g., benzene, toluene, cerenox) 

- Fluorine-containing elements (e.g., cryolite, acetoprole, dichlofluanid) 

- Copper-containing elements (e.g.,, caocobre, macc 80) 

- Metal-organic elements (e.g., mancozeb, maneb, zineb, nabam) 

- Synthetic pyrethroids and others (e.g., allethrin, \n, fluvalinate) 

- Phenol and nitrophenol products (e.g., dinocap, dinoseb) 

3. Metribuzin  

4-Amino-6-tert-butyl-3-methylthio-1,2,4-triazixin-5(4H)-one, = 4-Amino-6-(t-butyl)-4-

methylthio-1,2,4-triazine-5-one  

Trade name Metribuzin : Lexone, Sencor, Sencora, Sencoral, Sencorex  

Chemical formula : C8H14N4OS  

LD50:  (oral): rat (male) 2200 mg/kg, (female) 2345 mg/kg.( Aiach et al., 1992) .  

 

 

 

 

 

 

Figure: Chemical structure of metribuzin (Armenda´riz et al., 2014). 
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Metribuzin is commonly used to selectively control specific broadleaf weeds and grassy weed 

species on a variety of locations, including vegetable and field crops, turf grasses (recreational 

areas), and noncrop areas. It was classified as a herbicide in the United States in 1973 

(Armenda´riz et al., 2014)  . 

Metribuzin belongs to the class of herbicides known as substituted as-triazinone. Interference 

with photosystem II electron transport in plant chloroplasts is the cause of activity (Dodge, 

1983). Numerous short- and long-term investigations have examined the metabolism of 

metribuzin in plants since the early 1970s.( Simoneaux, 2008) . 

Metribuzin is a highly effective organic herbicide that is utilized globally and in some nations. 

This kind of herbicide has been shown to be extremely persistent in soil and dangerous to 

lipid tissue (Kitous et al., 2016) (Behloul  et al., 2017).  

Chlorinated hydrocarbons and other common organic herbicides have been mostly replaced 

by metribuzin. Metribuzin has largely replaced a number of public herbicides, including 

chlorinated hydrocarbons. Furthermore, metribuzin is a useful organic pesticide that keeps 

harmful grasses and broadleaf weeds from growing in between different crops. The blockage 

of electron transfer during photosynthesis determines the manner of action (Saleh et al., 

2020).   

Metribuzin is a herbicide of the triazinone family that dissolves readily in water (1.05 g/L) but 

adsorbes only weakly on sandy soils with little organic matter. The range of adsorption 

coefficients is 0.56 in very sandy loams and 31.7 in soils that contain 60% organic matter 

(Henriksen  et al., 2002) Metribuzin is thought to have a half-life of five to fifty days in soil, 

making it a short to moderate persistent compound (Huertas-Pérez et al., 2006).   

3.1. Exposure 

Metribuzin is a pre-emergent and post-emergent herbicide used in farming to control 

broadleaf and grassy weeds. 

Metribuzin is a chemical used in agriculture that may contaminate surface or groundwater if it 

is released into the environment by spray drift, tile drain effluent, and surface runoff. It is 

rarely found in sources or drinking water, despite its possible health impacts, and in animal 

testing, it mostly targets the liver. (Federal Provincial-Territorial Committee on Drinking 

Water, 2020) .  

The people most likely to be exposed to metribuzin are those who work in agriculture. 

Exposure may also occur to anyone who handle, load, mix, or handle the material before to its 

application in the field. Additionally, eating vegetables exposes the general public, as may 

coming into contact with landscaping and attractive plants (Armenda´riz et al., 2014)  .  
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3.2.Kinetics of metribuzin 

There are research available that look at the pharmacokinetics of metribuzin in humans, 

although most of them involve rats; there have also been studies with mice, dogs, and farm 

animals (Armenda´riz et al., 2014)   

3.2.1. Absorption  

Metribuzin is absorbed quickly after administration, reaching peak blood and tissue levels in 4 

hours, and is nearly entirely absorbed (95% to 100% based on excretion data) within 36 

hours. Metribuzin's cutaneous absorption is unlikely to happen, according to a rat research 

(Bleeke et al., 1985).  

3.2.2. Distribution  

Following absorption, metribuzin and its metabolites are broadly dispersed, with the thyroid 

and liver exhibiting the highest amounts, followed by the kidneys and then other tissues 

(heart, fat, ovaries, brain, muscle, plasma, and testes). Metribuzin was present in thyroid 

tissue ten times higher than in liver tissue (OEHHA, 2001).  

3.2.3. Metabolism 

Metribuzin metabolism is broad and happens quickly via a number of pathways (deamination, 

hydroxylation at the t-butyl side chain, hydrolytic or aminolytic cleavage of the thioalkyl 

moiety, and conjugation), some of which can act in combination to produce a large number of 

metabolites in urine, feces, and tissues, according to studies conducted in Wistar rats. 

Cytochrome P450 might be implicated in the first metabolism, producing reactive 

intermediates that react with glutathione such as desaminometribuzin, 

desaminodiketometribuzin (DADK), and diketometribuzin (DK), as well as metribuzin 

sulfoxide or deamonometribuzin sulfoxide (Bleeke et al., 1985; OEHHA, 2001). Sulfation 

and glutaronidation are not very important for excretion or metabolism. On the other hand, 

conjugation with glutathione and subsequent conversion to derivatives of mercapturic acid 

seem to be important processes in excretion and detoxification. The liver and kidney have the 

largest quantities of metribuzin and/or its metabolites, respectively. There is proof that 

metribuzin metabolites can bind to proteins at very high concentrations or in the absence of 

nonprotein sulfhydrils (Armenda´riz et al., 2014). 
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The metabolites demethylmetribuzin (DM), tert-butylhydroxy-metribuzin, N-acetylcysteine-

metribuzin (N-AC-metribuzin), desaminometribuzin, diketometribuzin, and numerous other 

unidentified compounds were similar in the urine and feces (OEHHA, 2001) 

The liver is the organ in animals that is most frequently involved in the biotransformation of 

foreign substances because of its role, placement in relation to other organs, and large blood 

supply. Typically, biotransformation modifies a substance's toxicity so that it is either less or 

more dangerous to the organism than the original compound (Vander Oost et al., 2003). 

Numerous xenobiotic metabolizing enzymes are also present in the skin, and some of them 

are induced, particularly by polycyclic hydrocarbon (Baron et al., 2008).  

The kidney is also a target for xenobiotic toxicity due to its function in the body, which is 

associated with high blood flow and the existence of renal xenobiotic metabolizing systems 

(Speerschneider and Dekant, 1995). Interestingly, stress tolerance in animals is often linked to 

their ability to biotransform and remove xenobiotics, with stress-tolerant species showing 

reduced xenobiotic sensitivity (Banaszkiewicz, 2010)  . 

3.2.4. Elimination 

Additionally, metribuzin or its metabolites are eliminated rather quickly; one to several days 

after treatment, the majority of the drug can be found in the urine or feces. Wistar rats 

expelled 0.1% of expired air, 27.3% to 43.4% of urine, and 55.8% to 71.5% of feces (Bleeke 

et al., 1985) ( EFSA, 2010)  

4.Toxcicity  

Based on the length of exposure to the pesticide and the speed at which toxic symptoms 

manifest, there are three basic categories of pesticide toxicity in human exposure scenarios. 

Therefore, there are three types of exposure to the job or environment: acute, sub-chronic, and 

chronic (Klaassen et al., 2013) .  

Pesticides, which act as outward irritants, can cause pesticide poisoning, which damages 

internal organs or systems. Exposure to pesticides can cause mild to severe symptoms, 

ranging from skin irritation to headaches, nausea, and disorientation. 

Exposure to pesticides can lead to serious side effects like convulsions, comas, and death. The 

effects vary based on the type of exposure, route, and body system. Some pesticides are 

reversible, while others may have irreversible consequences. While some poisons are not 

lethal, their harmful effects can be transient  (Damalas and Koutroubas, 2016) .  
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Table (03): Toxicity categories of contact to a pesticide (Nesheim et al.,2014) 

Category Description 

Acute toxicity 
resulting from an unique exposure occasion (single momentary exposure). 

Sub-chronic 

toxicity 

resulting from exposure situations that happen repeatedly over a period of 

weeks or months . 

Chronic toxicity 
 

resulting from exposure to exposure repeatedly over several months or 

years 

5. Pesticides-Induced Oxidative Stress 

Pesticides are hazardous substances that are often employed in agriculture and other contexts 

worldwide, exposing people and animals to ongoing exposure. Numerous pesticides, 

particularly organophosphorus insecticides (OPI), are known to be neurotoxic, to severely 

impair mental health, and to induce "cholinergic syndrome." If not, OPI exhibits toxicity, 

which has been shown to have negative impacts on the body's hematological and metabolic 

systems ( Abderrahim et al., 2020) . 

Because the metal ions released during their biotransformation can increase steady-state levels 

of reactive oxygen species (ROS), stimulate ROS-induced oxidation of lipids and proteins, or 

inactivate specific enzymes that have neurotoxic effects, many dithiocarbamates (DTC) also 

cause intraneuronal oxidative stress that results in neuronal damage (Fitsanakis et al., 2002) . 

Many pesticides interfere with hormone synthesis, release, transport, metabolism, action, or 

elimination, which results in endocrine disruption (Khan and Law, 2005). 

Oxidative stress is associated with an imbalance between the antioxidant defense system and 

the generation of oxygen free radicals. It has been identified as one of the routes via which 

exposure to OPI has detrimental effects on health (Mansour and Mossa ,2009).  OPI toxicity 

can cause oxidative stress, which can change the antioxidant system and produce free radicals. 

Despite the fact that several studies have demonstrated that they can cause a rise in oxidative 

damage in cells from different organs. (Abdollahi et al., 2004)   

Pesticides' high liposolubility and low molecular weight enhance absorption and toxicity. 

Pesticides containing organophosphate (OP) and carbamate cause acetylcholine buildup by 

inhibiting carboxyl ester hydrolases, specifically acetylcholinesterase (Cortés-Iza and 

Rodríguez,2018) .  Furthermore, some research suggests that the rise in reactive oxygen 
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species (ROS) in agricultural workers exposed to OP insecticides and bipyridyl herbicides is 

related to the suppression of the acetylcholinesterase enzyme.  

Both a rise in lipid peroxidation and a fall in antioxidant capacity can cause oxidative stress. 

(Ranjbar et al., 2002) . 

Many pesticides have different modes of action of toxicity in brain, many of which are not 

well-categorized. Because they permanently block acetylcholinesterase, an enzyme that 

hydrolyzes the neurotransmitter acetylcholine at neuromuscular junctions and brain 

cholinergic synapses, organophosphorus pesticides are widely recognized to be very 

neurotoxic (Galloway and Handy, 2003) (Van der Oost et al., 2003)  

Certain insecticides are known to induce oxidative stress by promoting the production of 

ROS. As a result, they may affect the enzymatic systems that scavenge ROS and act as 

antioxidants. Several contaminants can become dangerous due to pesticides by stimulating 

lipid peroxidation (Akhgari et al., 2003)  

For instance, it has been demonstrated that prolonged exposure to propiconazole causes ROS-

promoted stress in a number of rainbow trout tissues, as seen by noticeably increased levels of 

protein carbonyl groups and lipid peroxides (Li et al., 2010) . 

Toxicological research has focused on pesticide-induced oxidative stress as a potential 

mechanism of harm for the past ten years. The liver is the first organ to undergo 

biotransformation after being exposed to ingested poisons such as metals, insecticides, etc. As 

a result, it has been noted that the liver experiences more toxic reactions than other organs, 

when reactive oxygen species (ROS)-induced oxidative stress has been linked to different 

stages of the tumor growth process, DNA damage, membrane lipid peroxidation, and 

mutagenesis in bodies animals (Chenikhar  et al., 2018) . 

 However, the processes causing oxidative stress in response to some pesticides remain poorly 

understood. The culmination of a series of events leading to an imbalance between pro-

oxidant and antioxidant defense mechanisms is pesticide-induced oxidative stress. Pesticide 

poisoning also causes changes in antioxidant enzymes and the glutathione redox system, 

among other derangements of specific antioxidant processes in various tissues (Abdollahi et 

al., 2004) .  

Increases in ROS steady-state levels can increase the likelihood that they will interact with 

DNA and produce genotoxicity, which can result in a variety of mutations, because ROS and 

DNA interact differentl (Franco et al., 2010). 
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Numerous environmental pollutants and/or their metabolites have been demonstrated to have 

harmful consequences, including the induction of oxidative stress. Oxidative stress can arise 

due to the well-known byproduct of specific metabolic pathways or the autoxidation of 

specific molecules, reactive oxygen species, whose concentrations can be raised either 

temporarily or permanently under different circumstances (Lushchak, 2011). 

Since ROS may react with important biological macromolecules, their cytotoxic effects are 

especially intriguing. These reactions typically result in lipid peroxidation, DNA damage, and 

enzyme inactivation, which can ultimately cause necrosis or apoptosis, which are forms of 

cell death. Although primarily nonspecific, a number of hematological measures, including 

hematocrit or hemoglobin, protein or glucose content, may also be sufficiently sensitive 

indicators of specific types of pollutants to be taken into consideration as possible biomarkers 

for pesticide toxicity (Nieves-Puigdoller et al., 2007)  

Additionally, it can result in immunological abnormalities, neurobehavioral changes, 

developmental and reproductive toxicity, neurotoxicity, oxidative stress, and histopathologic 

alterations in both people and animals. (Breslin  et al., 1996)  Also,if a pesticide has genotoxic 

effects, it can set off a chain reaction that results in diseases (like cancer) that are caused by 

DNA damage, structural changes in DNA, and the subsequent expression of mutant gene 

products. These events can be tracked to determine the toxicity mechanisms involved. 

Identifying and measuring different events in this sequence can also be used to identify 

biomarkers in organisms exposed to genotoxic chemicals in the environment  

(Van der Oost et al., 2003).
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1. Materials 

1.1. Plant  

 Fresh olive leaves (Olea europaea L. Var. Chemlali) were harvested straight from the olive 

tree plantation farms in Nakhla, Algeria's El-Oued region, located at 33°16′38°N 6°57′05°E, 

in mid-April 2022. The leaves were then sent straight to the laboratory (LBEH). Dr. Chouikh 

Atef, a professor in the biological sciences department of the faculty of sciences of natural 

and life from Echahid Hamma Lakhedar University in El-Oued, Algeria, defined the leaves 

scientifically. The leaves were given a thorough cleaning and then let to air dry. The premium 

dried leaves were kept until they were required for the extraction processes in a dry plastic 

container. 

Figure (8) :  Olea europaea L. Var. Chemlali  (Original photo, 2024). 

1.2. Animals 

For this investigation, 55 adult albino Wistar rats were purchased from the Pasteur Institute in 

Algiers, Algeria. The Molecular and Cellular Biology Department, Faculty of Natural and 

Life Sciences, University of El-Oued, Algeria, animal house housed all of the rats. Under 

identical laboratory circumstances of photoperiod (12 hours of light and 12 hours of 

darkness), relative humidity of 62±3%, and room temperature of 21±3°C, the rats weighed 

222.35± 2.91g. For the course of the trials, tap water and standard rat food were freely 

available. The local ethical committee's suggested methods were adhered to in the handling 

and care of the rats during all experimental procedures. 
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1.3. Bacterial strains 

     For antibacterial test using the difusion method , nanoparticles were tested for their 

antibacterial efficacy against 3 bacterial strains obtained from the Pasteur Institute's 

laboratory in Algeria, including three bacteria (Escherichia coli (ATCC 25922), 

Staphylococcus aureus (ATCC 25932), and Pseudomonas aeruginosa (ATCC 27853). 

Also four bacterial strains were utilized as biological substrates from laboratory of treatement 

and valorization of hydrolic rejects,center of reaserch and water technology,in Tunisia, for 

evaluate kinitic antibactrial effect of nanoparticles. 

Escherichia coli ATCC25922 (E. coli) and Salmonella typhimurium LSP 14/92 clone DT104 

(S. typhimurium), Bacillus cereus (B. cereus) and Methicillin-resistant Staphylococcus aureus 

(MRSA) ST97-t267-agrI-SCCmecV (S. aureus), used it in this investigation .  

1.4. Chemicals and reagents 

Silver nitrate (AgNO3,>99.9%), 2,2-diphenyl-1-picrylhydrazyl, free radical (DPPH, 95%), 

potassium ferricyanide (K3Fe(CN)6, 98%,), ammonium molybdate tetrahydrate 

((NH4)6Mo7O24.4H2O, 98%), sodium phosphate monobasic dehydrate (NaH2PO4.2H2O, 

98%), ferric chloride (FeCl3, 98%), trichloroacetic acid (C2HCl3O2, 99%), ascorbic acid 

(C6H8O6 99%), sulfuric acid (H2SO4, 98%), methanol (CH3OH, 99%), dimethylsulfoxide 

(DMSO, C2H6SO, 99%), were purchased from Biochem Chemophara, United 

Kingdom.metribuzine.   However, commercial kits procured from Spinreact (Barcelona, 

Spain) were employed to test biochemical markers.Sigma-Aldrich provided the remaining 

chemicals, reagents, and organic solvents (USA). 

2. Methods 

2.1. Phytochemical analysis of Olea europaea 

2.1.1. Extraction of Olea europaea Aqueous extract 

The olive leaves (20g) were drieded and powdered and added to 200ml of distilled water. 

After 24 h at room temperature, the mixture was filtered with filter paper. Finally, the filtrates 

were evaporated in an oven at 45°C to produce dried residues (active principles), the extract 

was stored at 4°C in a refrigerator for subsequent experiments.  
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2.1.2. Phytochemical Screening  

     Identification of phytochemical compounds including in O. europaea aqueous crude 

extract (polyphenols, flavonoids, alkaloids, terpenoids, saponins, tannins, coumarin, 

glycosides, ..) carried up using the standard methods (Harborne,1973) ( Trease and 

Evans,1989) ( Sofowara,1993) (Matos,1997). (Bekro et al., 2008), 

2.1.2.1. Polyphenols  

     2 mL of the extract received a few drops of a 2 % (w/v) FeCl3 solution. FeCl3 takes on a 

greenish or blackish-blue coloring when polyphenol derivatives are present. 

2.1.2.2. Flavonoids 

      1 mL of H2SO4, 5 mL of diluted ammonia, and 5 mL of the extract to be analyzed. There 

are flavonoids present because of the appearance of yellow color.  

 2.1.2.3. Tannins 

In a test tube, we mix 5 mL of the extract with 1 mL of a 2% aqueous ferric chloride solution 

(FeCl3). Tannin content indicated by greenish or bluish-blackish hue. 

2.1.2.4. Alkaloids 

     To analyze, add 1 mL of extract to each of the two test tubes. After adding a few drops of 

HCl to acidify the medium, fill the first tube with drops of Mayer's reagent and the second 

tube with drops of Wagner's reagent. Alkaloids are present when a white or brown precipitate 

forms, accordingly.  

2.1.2.5. Terpenoids 

      We added 3 mL of strong sulfuric acid, 2 mL of chloroform, and 5 mL of plant extract to a 

test tube. Terpenoids are responsible for the reddish-brown color. 

 2.1.2.6 Saponins 

      The aqueous extract is included in 10 mL of a test tube. The tube was shaken for fifteen 

seconds, and then it was permitted to stand for an additional fifteen minutes. The presence of 

saponins was indicated by a continuous foam height of more than 1 cm.  

2.1.2.7. Cardiac glycosides  

https://www.sciencedirect.com/science/article/pii/S240584402032452X#bib4
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1 mL of the extract was combined with 2 mL of chloroform. Next, cautiously add H2SO4 to 

the test tube's inner side. An indication of the presence of a glycone portion in a cardiac 

glycoside is its reddish-brown hue. 

2.1.2.8. coumarins 

 by the addition of a few ml of NaOH . 

2.1.2.9.Quinones 

One milliliter of crude extract was mixed with diluted NaOH. Quinines are indicated by a 

blue-green or red coloring.  

 2.1.2.10. Steroids 

Five drops of pure H2SO4 were added to 1 milliliter of the extract. The color reddish brown 

indicates the presence of steroids. 

2.1.3. Quantification of phytochemicals compounds 

2.1.3.1. Estimation of total phenolics 

Folin-Ciocalteu method (Slinkard and Singleton, 1977) used,to determination of the total 

amount of phenolics. 1 mL of 10% Folin-Ciocalteu reagent, 0.2mL of the aqueous extract of 

O. europaea was added. After 4 minutes,was added 0.8 mL of sodium carbonate (75 g/L).  

At room temperature, after 2 h of incubation, the absorbance was measured at 765 nm.  A 

gallic acid used as the standard for the calibration equation linear, the total phenolic content 

was expressed in ug equivalent of gallic acid per mg of extract. 

 2.1.3.2. Estimation of total flavonoids   

     To ascertain the total flavonoid content of the O. europaea extract, the aluminum chloride 

(AlCl3) colorimetric method was employed (Ahn et al., 2007); 1 mL of the AlCl3 solution is 

mixed with 1 mL of the sample, the same volume for the standard, and the results are 

determined using a linear calibration equation with quercetin as the standard. After 30 

minutes, the absorbance at 430 nm was measured against the prepared reagent blank. The 

findings were shown as ug of quercetin for every milligram of extract.  

2.1.3.3. Estimation of condensed tannin  

The amount of tannin in the O. europaea leaf extract was measured using the techniques 

described by Broadhurst and Jones (1978).  

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/coumarin-derivative
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0.5 ml of the sample was well mixed with 3.0 mL of vanillin reagent (4% w/v vanillin in 

methanol) before 1.5 mL of 8% hydrochloric acid was added. After fifteen minutes, the 

absorbance of the reaction was measured at 500 nm in respect to water. The reference value of 

catechin was used to blot the sample amounts and the standard absorbance curve. The results 

were given as mg of extract divided by ug of catechin. 

 

2.1.4. Qualitative analyze by HPLC  

We used Shimadzu Prominence LC-20AL High-Performance Liquid Chromatography 

(HPLC) to measure the phenolic components in O.europaea leaves. Non-polar aliphatic 

residues were used in the reverse-phase chromatography investigations, and the mobile phase 

consisted of gradient elution of acetonitrile and acetic acid (0.1%). outfitted with a Shim-pack 

VP-ODSC18 analytical column (4,6mm x 250mm, particle size of 5mm) and a Hamilton 25l 

universal injector. The injection volume of the sample and reference were both 20µL, and the 

flow rate was 1 mL/min. 

The amount of phenolics in O. europaea leaves was measured by utilizing their regression 

equation to compare the retention periods of the leaves with those of the respective standards, 

detecting absorbance at 268 nm, and obtaining UV spectra using an SPD-20A UV-vis 

detector (Shimadzu).  

2.2. Green synthesis of  nanoparticles 

2.2.1. Green synthesis of  Silver Nanoparticles 

The Ag/Ag2O NPs were synthesized using a green synthesis Laouini et al., (2021) method 

with some modifications.  

In a 250 mL Erlenmeyer flask, 1 mL of Olea europaea leaf extract was combined with 45 mL 

of 1 mM AgNO3 aqueous solution, and the mixture was shaken for two hours at 150 rpm and 

75°C. The first sign that Ag/Ag2O NPs were being biosynthesised was the reaction mixture's 

color changing from bright yellow to dark brown.For twenty-four hours, the mixture was let 

to stand at room temperature. AgNO3 solution and an aqueous extract of Olea europaea 

leaves were used to maintain controls throughout the trial. The mixture was then centrifuged 

for 10 minutes at 3000 rpm to get rid of any unbound phytocomponents. The Ag/Ag2O NPs 

were thoroughly cleaned three times using distilled water to guarantee the elimination of any 

loose materials.  
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 After 24 hours oven dry at 50 °C, the synthesized Ag/Ag2O NPs were packed into containers 

for further characterizations.  

2.2.2. . Green synthesis of  Zinc oxyd nanoparticles  

With minor modifications, zinc oxide nanoparticles (ZnO NPs) were created via a technique 

that was previously described by Shabnam Fakhari et al (2019). In the environmentally 

friendly synthesis method, 1 mL of Olea europea aqueous extract was mixed with 45 mL of a 

0.5 M Zn(CH3CO2)2 solution. Using a magnet stirrer, this mixture was stirred for two hours 

at room temperature. The pH of 12 was then gradually reached by adding 0.02 M NaOH. The 

resultant mixture was continuously stirred at 150 rpm for an hour during the incubation 

period. The bio-reduced salt became visible as a white precipitate that collected at the flask's 

bottom. Several redispersions in deionized water were required for purification, and 

centrifugation was performed three times at 3000 rpm for 30 minutes.  

The end product, a white powder, was dried in an oven set at 60°C for the entire night before 

being stored for later use. 

2.2.3 Characterization of nanoparticles 

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

ZnO NPs  

2.2.3.1. UV-visible spectrophotometer and bandgap energy 

    The optical features and bandgap energy of these nanoparticles were evaluated by 

recording absorbance spectra using a UV-visible spectrophotometer (Shimadzu UV-2450, 

USA) in the wavelength range of 200–800 nm for Ag/Ag2ONPs and ZnO NPs. The energy 

band gap (Eg) of the nanoparticles was determined using Tauc's equations (equation 01):  

(   )   (     
   
)
 
                                   ( )  

2.2.3.2. Fourier transforms infrared spectroscopy (FTIR) 

Fourier Transform Infrared Spectroscopy (FTIR) in diffuse reflection mode, performed with a 

Thermo scientifc-Nicolet iS5 Attenuated Total Refection, was employed to detect the 

functional groups present in the nanoparticless .The recorded spectra spanned from 4000 to 

400 cm-1, exploiting a KBr pellet approach. 

2.2.1.3. X-ray diffraction (XRD)  
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To assess the crystallinity and grain size of the greensynthesized nanoparticles, powder X-ray 

diffraction (XRD) analysis was conducted using a copper K-radiation with an X-ray 

difractometer (Mini Flex 600 Rigaku; λ=1.5406 Å, covering the 2θ range of 25-90By 

choosing the leading peak with the highest intensity, the Scherrer equation (equation 02) was 

used to calculate the crystallite size. 

   
      

   
 

Where D represents the size of the crystallite, k denotes the so-called form factor (0.9), 𝜆 is 

the wavelength (0.154281nm, CuKα), h stands for the Full Width at Half Maximum 

(FWHM), and diffraction angle is 𝜽. 

 

2.2.3.4. Scanning electron microscopy (SEM) and Energy dispersive spectroscopy (EDX)  

This technique enables the visualization of highly magnified morphological features formed 

between the atomic envelopes of the substance to be analyzed's constituent elements and the 

electron beam. Energy dispersive spectroscopy (EDX) with a nominal resolution of 6 nm or 

less and scanning electron microscopy (SEM) analysis demonstrated with a TESCAN 

VEGA3 model (USA) at an accelerating voltage of 10 KV were used to analyze the 

morphology and elemental composition of the synthesized nanoparticles. A temperature-

controlled sample holder (20°C to 50°C) is part of the microscope's setup. 

(02) 
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Figure (9) :  Green synthesis method of Ag/Ag2O NPs and ZnO NPs using O.europaea 

aqueous extract  

2.3. In Vitro Activity of the aqueous extract of nanoparticles  

2.3.1. Antioxidant activity  

2.3.1.1. DPPH free-radical scavenging activity 

To evaluate the scavenging activity of  2,2-diphenyl-1-picrylhydrazyl (DPPH), we used the 

procedure of Kumar et al., (2014)  that the stable free radical DPPH is frequently used to 

assess the antioxidant component's capacity to scavenge free radicals, it was modified 

slightly.  A volume of Olea europaea leaves extract at different concentrations (from 7 to 125 

μg/mL) was mixed with 1 mL of methanolic solution of DPPH (0.1 mM; 3.94 mg DPPH was 
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dissolved in 100 mL methanol ) . In a dark room-temperature environment, the mixture was 

agitated forcefully and left to settle for a 30 min. At 517 nm, the mixture's absorbance was 

measured using a spectrophotometer. The similar method was used for nanoparticles. Gallic 

acid was prepared as the positive control. The reaction mixture's lower absorbance showed a 

higher percentage of scavenging activity. The following equation (03) yields the free radical 

scavenging activity:  

     

equation (03)                       ( )  ((     )   )     ⁄  

Where:  Ao Absorbance of the control   

A1 sample extract's absorbance after 30 minutes.  

2.3.1.2. Total antioxidant capacity assay 

The phosphomolybdenum method was used to assess the total antioxidant activity of the 

extract and nanoparticles. Gallic acid was used as a standard, 2 mL of reagent solution 

containing  0.6 M of sulfuric acid, 4 mM ammonium molybdate, and 28 mM sodium 

phosphate, mixed with 0.2 mL of samples at a concentration of 20-200 ug/mL. The tubes 

were incubated for 90 minutes in a hot water bath at 95 °C.  The same conditions was applied 

for the standard. The samples were then air-conditioned at ambient temperature. At 695 nm, 

the absorbance of the prepared mixture was measured in comparison to a blank solution (0.2 

mL of distilled water in place of the extract).  

Total antioxidant activity (TAC) was measured in milligrams of GAE per milligrams of 

samples. (Laouini et al.,2021)   

2.3.1.3. Ferric reducing antioxidant  power assay (FRAP) 

The ferric reducing power of the extract of Olea europaea leaves and the nanoparticles was 

mesured using Oraiza, 1986 methods with some modifications , 20–200 μg/mL concentrations 

of the samples were mixed with 1 mL of both potassium ferricyanide (1%) and phosphate 

buffer (0.2 M, pH = 6.6).  After adding 0.5 mL of trichloroacetic acid (10% w/v). After 20 

min at 50 °C incubation , the samples were centrifuged for 10 minutes. An identical amount 

of supernatant and deionized water, 0.125 mL of ferric chloride  (0.1%), were combined. The 

same process for Ascorbic acid as a positive control was used.  
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 The absorbance was measured using a UV-vis spectrophotometer at 700 nm. 

Total antioxidant activity (FRAP) was measured in milligrams of AAE per milligrams of 

samples. (Laouini et al.,2021)    

2.3.2. Antibacterial activity assays 

2.3.2.1. Antibacterial test using the agar diffusion method 

      The difusion method was performed using the standard disc difusion test with 

modification  (Bauer et al., 1966) . 

The strains were initially cultivated in nutrient agar, which was made with 15 g of agar, 5 g of 

peptone, 5 g of sodium chloride, 1.5 g of beef extract, and 1.5 g of yeast extract in 1000 ml of 

distilled water with a pH of 7.0. Streptomycin, a common antibiotic, DMSO as a negative 

control, and a sterile cork borer (6 mm) for the well were used to culture Escherichia coli, 

Staphylococcus aureus, and Pseudomonas aeruginosa. Zones of inhibition were measured 

after 24 hours incubation at 37 °C on agar plates. Ag/Ag2O and ZnO nanoparticle samples 

were all dissolved in DMSO at concentrations of 50, 100, and 200 ug/ml. 

2.3.2.2. Antibacterial kinetic study of nanoparticles 

We used four different pathogens to conduct antibacterial activity tests in order to evaluate the 

antibacterial efficiency of nanoparticles (Ag/Ag2O and ZnO). The methodology utilized in 

this study was modified based on the strategy presented by Tsuji et al. (2008)  

Four bacterial strains from the Center of Research and Water Technology in Tunisia, the 

Laboratory of Treatment and Valorization of Hydrolic Rejects, were used as biological 

substrates. 

Bacillus cereus and methicillin-resistant Staphylococcus aureus are two gram-positive 

pathogens; Salmonella typhimurium and Escherichia coli are two gram-negative strains.  

 

These strains were initially resurrected in liquid tryptic soy broth (TSB) medium and cultured 

at 37°C for 24 hours after being preserved in glycerol at -20°C. To verify bacterial purity, 

bacterial isolation on tryptic soy agar (TSA) medium was then carried out.  

A well-isolated colony was subcultured in the same broth and incubated for 24 hours at 37°C 

with 150 rpm shaking in order to create a fresh culture. Every 30 minutes, samples were 

collected to measure the biomass concentration. The growth media exhibited a heterogeneous 

appearance as a result of all bacterial strains being doped with 200 μg/mL of nanoparticles. 
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To do an analysis of bacterial growth, the colony forming units per milliliter, or CFU/mL, 

were measured. CFU is a measure used in microbiology to calculate the amount of live 

bacteria present in a sample. The young culture was subjected to cascade dilutions, and 100 

µL of the suitable dilution was distributed in triplicate on TSA agar medium.  

After that, the spread petri dishes were incubated at 37°C, and colonies were counted at 

various intervals of time (0, 2, 6, 18, 24, 48 hours). The test was conducted three times. The 

bacterial growth curve was created over time using the CFU/mL values. There was a growth 

control in the study that had zero nanoparticles (0 ppm).  

Based on its proven effectiveness against every studied bacterial strain, 200 ppm was chosen.  

2.3.3.  Antimutagenic activity 

Several histidine-dependent Salmonella strains were used in the Ames Salmonella 

mutagenicity assay to carry out the anti-mutagenicity test. The mutant strain of S. 

typhimurium TA98 was used in this investigation. To identify different frame shift mutagens, 

TA98 is employed.The Ames test, often known as the mutagenicity assay, has been amply 

validated as an appropriate primary test for the identification of putative mutagens and 

carcinogens (Maron and Ames, 1983).  

Following the Ames test,with some modifications. When 1-Nitropurane as mutagen, and 

Ag/Ag2O NPs and ZnO Nps dispersed in DMSO.  

Plate incorporation  method was done for testing antimutagenicity effects of the O. europeaea 

mediatedly synthesized  nanoparticles. 0,50,100,150,200,250 ug/ml concentration of 

Ag/Ag2O NPs and ZnO NPs were used with the direct acting mutagens, 4-nitropurane for 

TA98. (Sarac N et al., 2014) 

Working cultures of S. typhimurium TA98 were prepared by inoculating nutrient broth 

withthe frozen cultures,followed for 24 hours incubation at 37 ◦C with moderate agitation. 

In the S. typhimurium antimutagenicity test, 2 ml of the top agar containing 0.5 mM 

histidine/biotin was mixed with 100 ul for 24 hours bacterial culture, 100 ul mutagen, 100 ul 

test NPs at various concentrations, and 500 uL phosphate buffer. The blend was transferred 

onto thin glucose plates. After being incubated at 37 °C for 48 or 72 hours, viable cells and 

histidine-independent revertant colonies were scored on plates. 
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The colonies on the plates were counted at the finish of the period. For every dosage in the 

experiment, three different tubes were used.  

- As a direct acting mutagen in the experiments, 4-nitro-purane was employed with the 

Salmonella typhimurium TA 98 strain in the presence of the main antimutagenicity assay, 

while positive control assays were conducted concurrently. 

The antimutegenicity results were computed and expressed as a percentage of inhibition, 

which measures how well Ag/Ag2O and ZnO nanoparticles were able to stop the mutagen's 

action in these tests.  

The following formula was used to estimate the anti-mutagenic activity:  

Percent Inhibition (P I(%)) = (A − B/A) × 100 (equation 5)  

where A is the revertants/plate in the positive control, and B is the revertants/plate in the 

presence of mutagen and NPs.  

Antimutagenicity was assessed as follows:  

- P I (%) ≥  40% (strong) 

- P I (%)  = 25–40% (moderate) 

- P I (%) ≤ 25% (low) 

2.3.4. Anticoagulante activity:  

Using the Raja et al. (2015) approach, the anticoagulant activity of the nanoparticles was 

examined. In the analysis laboratory of El-Madjed in Eloued,Algeria, a  surem was drawn into 

four vials, A, B, and C, without the use of any anticoagulant agents. Vial A was designated as 

the control negative. Vials B and C immediately received NPs added at a 0.5% (v/v) 

concentration (ZnO at 50 ppm and Ag/Ag2O Nps at 150 ppm concentration), while vial D 

(which had EDTA added) was designated as the control positive. The nanoparticles' 

anticoagulant action was investigated. 

2.4. In vivo activity of aqueous extract of nanoparticles   

2.4.1. Acute toxicity study 

Rat groups were injected with varying quantities of nanoparticles to assess their acute toxicity 

(Della Rosa and Stannard, 1964).  
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There were five groups of five Wistar rats (n=5). Ag/Ag2O NPs at doses of 5 mg/kg and 2.5 

mg/kg were administered intraperitoneally into two groups. ZnO NPs were injected at doses 

of 100 and 50 mg/kg in the same manner, and the final group was given simply physiological 

saline (0.9%) as a solvent. The acute toxicity test of injecting nanoparticles was rigorously 

assessed using visual observations of mortality. Many bodily changes were noted once a day 

for 28 days, particularly following the dose and up to 12 hours after delivery, along with any 

injury or disease (e.g., weariness, ataxia, or lethargy).  

2.4.2. Protective effect of NPs 

2.4.2.1. Experiment design 

For 3 weeks ,six groups, each containing five rats (n=5), the adult Wistar albino rats were 

randomly divided as follow:  

Group I: Control rats received drinkable water, standard diet, water ad libitum. 

Group II: Metribuzin was given orally at a dose of 133 mg/kg b.w. (1/20 LD50) in drinking 

water.  

 Group III: Metribuzin 133 mg/kg b.w. in drinking water + ZnO Nps by IP dose 2.5 mg/Kg 

b.w 

Group IV: Metribuzin 133 mg/kg b.w. in drinking water + ZnO Nps by IP dose 5 mg/Kg b.w 

Group V: Metribuzin 133 mg/kg b.w. in drinking water + Ag/Ag2O Nps by IP dose 0.0625 

mg/Kg b.w 

Group VI: Metribuzin 133 mg/kg b.w. in drinking water + Ag/Ag2O Nps by IP dose 0.125 

mg/Kg b.w 

Throughout the whole trial, intraperitoneal (i.p.) injections of physiological saline (0.9% 

NaCl, 1 ml/kg b.w) were administered daily. 

2.4.2.2. Samples preparation 

2.4.2.3. Sacrifice and Blood collection  

     After three weeks of treatments, 16 hours of fasting, the rats were sacrificed by 

decapitation under xylasine  anesthesia. Serum samples were collected from the blood of each 

rat by centrifuging at 2500 rpm for 10 minutes for biochemical analysis.  
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2.4.2.4. Preparation of tissues samples 

Normal saline was used to cleanse the kidneys, liver, and spleen. Half of them were preserved 

in 10% formaldehyde for histological analysis.For the purpose of determining the oxidative 

stress parameters (protein, MDA, and GSH), the remaining samples were kept at -20°C.  

2.4.2.5. Hematological parameters analysis 

 Hematological parameters are computed using Coulter's method and a Medonic automatic 

hematological analyzer (Coulter Beckman -USA-). 

2.4.2.6. Biochemical parameters analysis 

Using the commercial kit from Spinreact, Spain, the following parameters were measured for 

each individual: serum glucose, urea, uric acid, creatinine, and serum lipid (cholesterol and 

triglyceride) Additionally, glutamate-pyruvate-transaminase (GPT) and glutamate-

oxaloacetate-transaminase (GOT).(Appendix 04). 

2.4.2.7. Determination of oxidative stress parameters 

2.4.2.7.1. Homogenates preparation 

In order to identify any oxidative stress markers in the liver, kidney, or spleen, we 

homogenized the produced supernatants of each organ, weighing 1g. The samples were then 

placed in 9 mL of Tris buffer saline (Tris 50 mM, NaCl 150 mM, pH 7.4)). Centrifuged at 

3900 rpm for 20 minutes after homogenates were prepared. 

2.4.2.7.2. Determination of tissue proteins 

 Principle 

A spectrophotometer used a colorimetric approach to identify the tissue proteins by 

reacting the proteins' amine group (NH2) with Coomassie blue, a reagent, to create a blue 

complex. The emergence of the blue hue reveals how ionized the acid medium is, and its 

intensity is connected with the amount of proteins present. The absorbance is measured at 

595 nm. (Bradford, 1976).  

 Preparation of Bradford's reagent 

     After dissolving 100 mg of Coomassie blue in 50 mL of 95% ethanol, the mixture must be 

agitated for two hours in the dark before adding 100 mL of 85% orthophosphoric acid 

(H3PO4). In addition, one liter of distilled water was added, and the resulting solution was 
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purified using filter paper.  

Note: This reagent is stable for 15 days at 4°C. 

Five minutes after adding 1 mL of the homogenate to 5 mL of Coomassie blue, we measured 

the optical densities at 595 nm in relation to a blank.  

A reference range of bovine serum albumin (0.1-0.2-0.4-0.6-0.8-1 mg/mL) that has been 

measured under similar circumstances is used to compare the protein concentration. 

2.4.2.7.3. Determination of malondialdehyde (MDA) level 

     Place the glass test tubes in the glass vise, add 800 µL of TBA reagent and 200 µL of 

sample, and then screw on the caps firmly. The mixture will be cooked in a water bath at 

100°C for 15 minutes. Allow the reaction's gasses to escape by leaving the tubes open for half 

an hour after they've been frozen in a cold water bath. After 5 minutes of centrifuging at 3000 

rpm, measure the absorbance of the supernatant at 532 nm using a spectrophotometer. 

 (Yaki, 1976).  

The concentration of thiobarbituric acid reactive compounds (TBARS) was determined using 

the molecular extinction coefficient of MDA (å= 1.53.105 M-1.cm-1). Equation 08 reported 

the results in nmol/mg of protein. 

 

                     (                )   
               

                              
    (8)   

2.4.2.7.4. Determination of reduced glutathione level (GSH) 

     Weckbecker and Cory (1988) state that the amount of reduced glutathione is determined 

by measuring the optical density of 2-nitro-5-mercocapturic acid (TNB), a short-lived Ellman 

reagent with SH groups present in GSH that is produced by the reduction of dithio-bis-2-

nitrobenzoic acid (DTNB). 

     800 µL of homogenate samples are combined with 200 µL of salicylic acid (0.25%). After 

that, the mixture was centrifuged at 1000 rpm for five minutes. Furthermore, 1000 µL of tris 

buffer (tris 0.4mol, 0.02mol NaCl, pH = 8.9) was mixed with 500 µL of supernatant and 25 

µL of DTNB (0.01 mol/L). The absorbance of the reaction medium is measured at 412 nm 

after 5 minutes of incubation. 
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The concentration of GSH is expressed in nanomoles per milligram of protein (nmol/mg of 

protein) using the following equation (equation 09). 

 

      (             )  
          

                        
               

 

 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.   

 0.8: volume of homogeneous solution without protein exists in 1 mL. 

2.4.2.8. Histopathological study of liver, Kidney and spleen  

     After the rats were killed, the sections of their liver, kidney, and spleen were taken, and 

they were preserved in 10% formaldehyde until the time came to cut the slices for 

examination. After being washed with xylene and submerged in paraffin, the samples were 

dehydrated in an increasing graded series of ethanol (60, 70%, 80%, and 100%). Using a 

Thermo Scientific (Micron HM 325) Histoline Rotary Microtome, paraffin blocks were 

sectioned into 4-6 µm layers. The photograph was colored with hematoxylin and eosin. 

Histopathological inspection was done with a light microscope. 

(9) 
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      Figure (10) : A brief overview of the in vivo study's experimental protocol. 

2.5. Statistical analysis 

The obtained results are presented as mean ± standard error of the mean (Mean ± SE). The 

statistical package for social sciences(SPSS), version 22, was used to compare the means of 

the various groups. One-Way ANOVA and Duncan's multiple range test (DMRT) at p=0.05 

were used to calculate significant differences between means. At p≤0.05, differences were 

deemed significant.  

 Significant (* or a P ≤ 0.05). 

 Highly significant compared with the control (** or b P ≤ 0.01). 

 Very highly significant compared with the control (*** or c P ≤ 0.001). 
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1. Results: 

1.1. Phytochemical Screening 

The presence of phenolic compounds, flavonoids, glycosides, terpenoids, tannins,quinon, 

steroids and saponin in the Olea europaea extract (table 4) revealed by phytochemical 

analysis  

Table (4): Phytochemical composition of aqueous extracts of Olea europaea leaves 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.2. Quantification of phytochemicals compounds 

In this study, the total phenolic content, total flavonoids and condensed tanins of the aquous 

extract of the leaves of O.europaea var. Chemllali was found to be 143.279 ± 1.7 ug GAE/mg 

extract, 6.764 ± 0.025 ug QCE/mg extract,and 16.333 ± 0.12 ug CTE/mg extract respectively.  

 

 

Phytochemical composition Presence/ absence 

Phenol +++ bleu 

Flavonoid +++ 

Tanin +++ green 

Saponine +++ 

Alkaloide - 

Terpenoid +++ red brown 

Quinon +++ red  

Coumarin - 

Glycoside +++ 

Cardiaglycoside +++ brown 

Steriods +++ brown 
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Table (5): Quantification of some phytochemicals compounds of the aquous extract of the 

leaves of O.europaea var. Chemllali. 

Estimation total phenolics  

ug of GAE/mg Ex 

total flavonoids 

ug of QCE/mg Ex 

condensed tannins 

ug of CTE/mg Ex 

Means ± SE 143.279±2.7 6.764±0.025 16.333±0.12 

 

1.1.3. Analyze qualitative by HPLC  

The results of HPLC analysis showed that the O. europaea chromatograms (Figure **). 

Where we have identified  08 phenolic compounds out of 72 peaks. The analysis revealed that 

quercetin (1945.90 µg/g) was the most abundant element with a high amount of Naringin and 

Vanilic acid (790.94µg/g , 702.63 µg/g respectively), a moderate quantity of Rutin, 

Chlorogenic acid and p- coumaric acid (595.50 µg/g , 453.80 µg/g, and 391.65 µg/g), a little 

amount of Vanilin and Caffeic acid (197.73µg/g, 119.58 µg/g), (Table**) were detected in O. 

europaea extract leaves.  

Figure(11): HPLC chromatogram's of the extract of O. europaea with retention time of 1: 



CHAPTER III: Results and Discussion 

 

63 

 

Chlorogenic Acid, 2: Vanilic acid , 3: Caffiec Acid, 4: Vanilin , 5:p-Coumaric Acid, 6: Rutin , 

7: Naringin, 8: Quercetin, respectively. 

Table (6): Concentration of phenolic compounds identified in O. europaea aqueous extract. 

Phenolic compounds  Concentration µg/gEx 

Chlorogenic acid 453.80 

Vanilic acid 702.63 

Caffeic acid 119.58 

Vanilin 197.73 

p- coumaric acid 391.65 

Rutin 595.50 

Naringin 790.94 

Quercetin 1945.90 

 

1.2. Green synthesis of  nanoparticles 

1.2.1. Green synthesis of  Ag/Ag2O NPs 

1.2.1.1. Characterization of Ag/Ag2O NPs 

1.2.1.1.1. UV-visible spectrophotometer and bandgap energy 

Our data  indicates the UV-Vis absorption graph in the visible light region, illustrating the 

formation of Ag/Ag2O NPs, which exhibit an absorption band. A scanning wavelength 

analysis ( 200 to 800 nm), revealing presence of peaks at  440 nm and 255 nm, indicative of 

Ag/Ag2O formation. Additionally, the plant extract graph was analyzed and displayed peaks 

at 280 nm and 325 nm. The optical absorption spectra of Ag/Ag2O NPs are influenced by 

surface plasmon resonance, which shifts towards 440 nm. This shift depends on factors such 

as grain size, shape, aggregation state, and the surrounding dielectric medium. The energy 

bandgap (Eg) of Ag/Ag2O NPs were plotted using Tauc‘s Eqs (Pfost et al.,1985) : 

(   )   (     
   )

 
                                   ( ) 
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through extrapolating a straight line on the energy axis, the direct and indirect Energy gap of 

Ag/Ag2O NPs were valued to be nearby 2.23 and 1.34, respectively. 

  

 

 Figure(12): (a) UV-vis graph (b) direct bandgap energy (c) indirect bandgap energy of the 

Ag/Ag2O NPs: 

1.2.1.1.2. Fourier transforms infrared spectroscopy (FTIR) 

FTIR measurement was used to identify the different functional groups in both Olea europaea 

leaf extract and the synthesized Ag/Ag2O nanoparticles (NPs). Figure 13 depicts the FT-IR 

spectrum of the green synthesis of Ag/Ag2O NPs using extract of  O. europaea leaf compared 

with the extract. The broad band at 3400 cm⁻ ¹ is attributed to O–H stretching frequency. 

Another band at 2358 cm⁻ ¹ is assigned to symmetric carboxyl stretching (C=O). The peak at 

1634 cm⁻ ¹ corresponds to C=C stretching vibration. The absorption band located at 1430 

cm⁻ ¹ corresponds to the stretching frequency of C–C bonding in aromatic cycles. The band at 

1270 cm⁻ ¹ is associated with C–O stretching vibrations of carboxylic acids. Moreover, the 
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vibration band at 564 cm⁻ ¹ corresponds to Ag–O.

 

Figure (13):  (a). FT-IR graph of synthesized Ag/Ag2O NPs, AgNO3 and O. europaea 

extract, (b). detailed look at view range (400 to 800 cm
-1

) of biosynthesized Ag/Ag2O NPs. 

1.2.1.1.3. X-ray diffraction (XRD)  

The structural and morphological characteristics of the obtained Ag/Ag2O powder were 

analyzed using X-ray diffraction (XRD). Figure (14) displays the XRD patterns with sharp 

peaks for Ag/Ag2O. The peak patterns at 2θ values of 26.46°(110), 32.555°(111),, 

37.768°(200),, 54.48°(220),, 64.922°(311),, and 68.193° correspond to the (222) planes of 

silver oxide (Ag2O) respectively. Other values match the standard data (JCPDS No. 01-076-

1393), confirming the cubic crystalline structure of Ag2O. Additionally, the diffraction peaks 

at 2θ values of 38.20°, 44.402°, 64.602°, and 77.6° correspond to the (111), (200), (220), and 

(311) planes of silver (Ag).  

Using the Scherrer equation (Vijayaraghavan T et al., 2017), the average crystallite sizes for 

the two most prominent peaks (38.20° and 32.555°) were determined to be 24 nm for Ag and 

26 nm for Ag2O, respectively 
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Figure (14): Silver/Silver Oxide Nanoparticles Synthesized XRD Patterns 

1.2.1.1.4. Scanning electron microscopy (SEM) and Energy dispersive spectroscopy 

(EDX)  

Figure (15)  illustrates the surface morphology of Ag/Ag2O nanoparticles (NPs), revealing the 

presence of predominantly spherical or oval-shaped Ag/Ag2O NPs. The bioactive components 

in Olea europaea leaf extract interact strongly with silver ions, resulting in uniformly 

spherical and smaller-sized nanoparticles. As shown in Fig. 3b, the middling size distribution 

of the biosynthesized Ag/Ag2O NPs is primarily around 45 nm. The image also depicts 

deformed spherical particles for Ag/Ag2O NPs larger than 60 nm, which is attributed to either 

a deficiency or excess of bioactive agents in the Olea europaea leaf extract. This imbalance 

reduces the interaction between the bioreducing agents and the precursor silver, leading to the 

formation of larger particles. 
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Figure (15): (a) SEM images and (b) particle size distributions of biosynthesis Ag/Ag2O NPs. 

The energy-dispersive X-ray (EDX) analysis of Ag/Ag2O nanoparticles (NPs) distinctly 

shows the peaks for silver, chlorine, and oxygen. To ensure the Ag/Ag2O NPs are 

uncontaminated, it is important to note that no additional peaks are present in the EDX 

spectrum, indicating the purity of the silver nanoparticles. Typically, the EDX analysis of 

Ag/Ag2O NPs reveals a peak around 3 KeV (Dai and Mumper, 2010), which is attributed to 

surface plasmon resonance, as illustrated in Figure (16).  

 

 Figure (16): EDX of biosynthesis Ag/Ag2O NPs. 
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1.2.2. Green synthesis of  Zinc oxyde Nanoparticles 

1.2.2.1. Characterization of ZnONPs 

1.2.2.1.1. UV-visible spectrophotometer and bandgap energy 

In this study, UV-Vis spectroscopy was utilized to explore the characteristics of ZnO 

nanoparticles (NPs), particularly focusing on determining their energy bandgap and 

identifying potential modifications. The bandgap indicates the energy needed for an electron 

to transition from the valence to the conduction bands within a semiconductor. we examined 

light absorption using UV-Vis spectroscopy.  

This absorption prompts electrons to move from the valence to the conduction band, and upon 

returning to their ground state, they emit energy as light. The energy of the emitted light 

directly correlates with the bandgap energy. By graphing the absorption coefficient against 

photon energy and applying Tauc's formula (eq. 1), the bandgap energy of the ZnO NPs 

nanocomposite was determined ( Figure 17 a,b). The analysis revealed a bandgap energy of 

3.7 eV. Variations detected in the bandgap energy of the nanocomposites were attributed to 

the presence of the synthesized ZnO NPs. The efficiency of photodegradation of ZnO NPs is 

directly affected by their bandgap energy. Remarkably, smaller bandgaps are associated with 

enhanced photocatalytic performance.  

 

Figure (17): UV-Vis graph (a) of biossynthesized ZnO NPs and O. europaea leave extract (b) 

energy band gap. 
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1.2.2.1.2. Fourier transforms infrared spectroscopy (FTIR) 

The infrared spectroscopy data provided for ZnO and the extract (Figure18) offers valuable 

insights into molecular vibrations and chemical interactions. The presence of OH groups 

suggests the existence of hydroxyl functionalities in the sample, at 3572 cm
-1

. In addition, the 

peak observed at 2887 cm-1 agrees to CH2 stretching vibrations, indicating the presence of 

aliphatic hydrocarbons. The presence of unsaturated carbon-carbon bonds(C = C)  ascribed to 

the vibration at 1624 cm
-1

 presented in FTIR graph.. Furthermore, the peak at 1095 cm-1 

corresponds to the stretching vibration of C–O groups, implying the involvement of oxygen-

containing functional groups. Remarkably, the far-reaching peak around 457 cm-1 indicates 

the formation of Zn-O bonds, consistent with the characteristic peak predictable for zinc oxide 

nanoparticles. 

 

Figure (18): FTIR graphs of (a) O. europaea aqueous leaf extract and ZnO nanoparticles. 

1.2.2.1.3. X-ray diffraction (XRD)  

The objective of the X-ray diffraction (XRD) analysis in this study was to characterize the 

crystallography and phase formation of ZnO nanoparticles. The XRD profiles, shown in 

Figure (19), and standard data (JCPDS No.036-1451) revealed a consistent hexagonal crystal 

structure. The observed reflection planes, identified as (100)- 31.77°, (002)-34.42°, (101)-

36.52°, (102)-47.53°, (110)-56.6°, (103)-62.86°,  (200)-66.38°,  (112)-67.96°, (201)-69.1°, 

(004)-72.56°, and (202)-76.95°, corresponded to 2θ angles of respectively. The particle size 
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was determined utilizing the equation of Scherrer, with calculations performed at the (101) 

plane, acquiescent a ZnO particle size of 18.79 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(19): XRD graphs of the biogenic ZnO NPs and JCPDS (36-1451) card. 

 

1.2.2.1.4.  Scanning electron microscopy (SEM) and Energy dispersive spectroscopy 

(EDX)  

The morphology of ZnO nanoparticles synthesized through biological resources was 

evaluated via scanning electron microscopy (SEM). Examination unveiled that these particles 

displayed consistent shapes with a smooth surface, taking on both spherical and short-rod 

forms (see Figure 20a). Moreover, SEM images depicted a predominantly spherical 

morphology for the ZnO nanoparticles. Analysis of particle size distribution histograms 

(Figure 20b) revealed an average size ranging from 40 to 60 nm. 

The energy-dispersive X-ray (EDX) analysis of the ZnO nanoparticles clearly identified peaks 

corresponding to zinc and oxygen. This analysis also confirmed the absence of any additional 

peaks, indicating the purity of the zinc oxide nanoparticles. Thus, the pure form of zinc oxide 

nanoparticles is clearly demonstrated in Figure (21). 
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Figure (20): SEM analysis of the biosynthesized: (a) SEM image of ZnO NPs, (b) Size 

distribution of ZnO NPs 

 

Figure (21):  EDX of biosynthesis ZnO NPs. 
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1.3. In Vitro activity of nanoparticles 

1.3.1. Antioxidant activity  

1.3.1.1. DPPH free-radical scavenging activity (DPPH)  

The DPPH radical's IC50 values and percentage inhibition for gallic acid, Ag/Ag2O NPs, and 

Olea europaea leaf extract are shown in the figures. Ag/Ag2O NPs (15.1%, 16.2%, and 

17.6%) showed poorer scavenging activity than the leaf extract (27.3%, 43.0%, and 46.0%) at 

lower concentrations. Nonetheless, the scavenging activity was 60.0% and 93.3% for the leaf 

extract and 67.1% and 95.2% for Ag NPs at doses of 62.5 and 125 µg/mL, respectively. 

However for ZO NPs showen no reation in this investigation. 

 

Figure(22): Percent inhibition of DPPH radical of the extract of Olea europaea leaf, the 

Ag/Ag2O nanoparticles and gallic acid. 
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Figure(23): DPPH (IC50, ug/ ml) of the Olea europaea leaf extract, the Ag/Ag2O Nps and 

gallic acid. 

1.3.1.2. Total Antioxidant Capacity assay  

In Figure (24) , it has been demonstrated that the increase in total antioxidant capacity (TAC) 

of Ag/Ag2O NPs, ZnO NPs, and Olea europaea leaf extract is dose-dependent. This suggests 

that a larger increase in TAC may occur from extract dosages or concentrations that are 

higher. The results show that each sample has a significant antioxidant capacity. At 200 

µg/mL, the extract showed the highest overall antioxidant capacity, measuring 34.31±0.23 mg 

E GA/g Ex.  

The TAC value for the Ag/Ag2O nanoparticles at a greater concentration was 67.73±0.12 mg 

E GA/g NPs, which was stronger than the ZnO TAC value at the same concentration 

(31.94±0.24 mg E GA/g NPs). 
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Figure(24): Total antioxidant capacity (TAC, E ug GA/ug NPs) of the Olea Europaea leaf 

extract, the Ag/Ag2O Nps and ZnO Nps .  

1.3.1.3. Ferric Reducing Power Assay (FRAP) 

Figure (25) shows how the semples' antioxidant power to reduce ferric ions increases in a 

dose-dependent manner. The antioxidant activity of the Olea europaea leaf extract, Ag/Ag2O 

NPs, and ZnO NPs at different doses was evaluated in this study using the FRAP assay. 

Ag/Ag2O NPs, ZnO NPs, and the extract all showed an increase in reducing activity that was 

dose-dependent. When compared to normal ascorbic acid, the extract showed antioxidant 

activity across doses ranging from 20 to 200 μg/mL. With increasing absorbance for Ag/Ag2O 

NPs and ZnO, the FRAP value—a measure of the reducing power—increased. The 

concentration of 200 µg/mL in Ag/Ag2O NPs showed the greatest. 
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Figure(25): Ferric reducing antioxidant power (FRAP E μg AA/μg NPs) of the Olea 

europaea leaf extract, the Ag/Ag2O Nps and ZnO Nps . 

1.3.2. Antibacterial activity assays  

1.3.2.1. Antibacterial test using the agar diffusion method  

The biogenerated Ag/Ag2O NPs in this work were found to have strong antibacterial activity. 

To assess the antibacterial effects of the generated Ag/Ag2O NPs, three microorganisms were 

chosen: Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus aureus (Figure26 ). 

It was measured how big the inhibition zones were. P. aeruginosa (16 mm) and S. aureus (16 

mm) had the most powerful antibacterial activity at a greater concentration of Ag/Ag2O NPs 

(200 μg/mL) in comparison to the positive control streptomycin (Table 7). E. coli (12 mm) 

was the next most active antibacterial agent.  

At 50, 100, and 200 μg/mL, the antibacterial activity was shown to be dose-dependent, with 

greater concentrations of Ag/Ag2O NPs corresponding to an increase in the inhibitory zone 

size. Higher doses of ZnO nanoparticles were less effective in the 10 mm (for E. coli) and 

10.5 mm (for P. aeruginosa) inhibitory zones, respectively 
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Figure (26): Antibacterial activity of Ag/Ag2O NPs ((a),(b) and (c) at dose 200 μg/mL, 

100 μg/ml and 50 μg/ml respectively , S= streptomycin and negative control DMSO in the 

center) on human pathogenic bacteria 

 

 

Figure (27): Antibacterial activity of ZnO NPs ((a),(b) and (c) at dose 200 μg/mL, 100 μg/ml 

and 50 μg/ml respectively , S= streptomycin and negative control DMSO in the center) on 

human pathogenic bacteria 
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Table (7): Mean zones of inhibition (mm) produced by plant extract and nanoparticles at 

diferent concentration  

Test DMSO Streptomycin Ag/Ag2O ZnO 

Dose / 20 mg/ml 50 

Ug/ml 

100 

Ug/ml 

200 

Ug/ml 

50 

Ug/ml 

100 

Ug/ml 

200 

Ug/ml 

E.coli NZ 34mm±2.36 10 

±1.26 

11 

±1.90 

12 

±3.08 

8.33 

±1.97 

9 

±2.60 

10 

±1.58 

P.aerugi NZ 44mm±2.98 12 

±0.98 

13 

±2.03 

16 

±2.36 

NZ 9.33 

±3.6 

10.5 

±3.29 

S.aureus NZ 43mm±3.45 12 

±2.55 

15 

±1.26 

16 

±1.02 

NZ NZ NZ 

 

1.3.2.2. Antibacterial kinetic study of nanoparticles 

The growth patterns of bacteria treated with Ag/Ag2O and ZnO NPs shown inhibitory effects 

on the growth and reproduction of E. coli and S. typhimurium cells. Figures shows the growth 

curves of B. cereus and S. aureus cells treated with nanopartilces. After being treated with 

200 µg/ml nanopartilces (Ag/Ag2O and ZnO NPs), nearly all of the bacterial cells in these 

groups showed retarded growth after the first six hours of growth suppression. 

Furthermore, the growth of cells treated with 200 µg/ml Ag/Ag2O NPs was slightly slower 

than that of cells in the ZnO Nps group. These results imply that 200 µg/ml ZnO and 

Ag/Ag2O Nps had a moderate antibacterial effect, but not enough to stop the rate at which 

bacteria reproduced. When S. aureus cells were treated with 200 µg/ml ZnO Nps, there was a 

total suppression of bacterial growth. On the other hand, the bacterial cells treated with 200 

µg/ml ZnO started growing again after 18 hours. Cells treated with 200 µg/ml ZnO and 

Ag/Ag2O Nps showed all-around reduced bacterial growth curves compared to the control 

group. 
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Figure(28): Antibacterial kinetic study of nanoparticles for Escherichia coli (Ec)  

 

 

Figure(29): Antibacterial kinetic study of nanoparticles for Salmonella typhimurium (St) 
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Figure(30): Antibacterial kinetic study of nanoparticles for Bacillus cereus (Bc)  

 

Figure(31): Antibacterial kinetic study of nanoparticles for Methicillin resistant 

Staphylococcus aureus (MrSa) 
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Figure(32): Zone of inhibition of 200 ug/mL dose of Ag/Ag2O and ZnO NPs against four 

bacterial strains  

1.3.3. Antimutagenic activity 

Using 1-nitropyrene (1-NP) (200 ng/tube as the mutagen and the Salmonella micro-

suspension experiment (YG1024 strain), the antimutagenic activity of the nanoparticles at 50–

250 μg/tube was evaluated. When ZnO NPs were biosynthesized using an aqueous extract of 

O. europaea leaves, they showed excellent anti-mutagenicity against S. typhimurium TA98. 
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At 250 µg/tube, the percent inhibition of ZnO NPs was higher (76.24%) than that of 

Ag/Ag2O NPS (70%). 

Table(8): Antimutagenic activity of the Ag/Ag2O Nps and ZnO Nps biosynthetised by aqoues 

extract O. Europaea leaves against 1-NP in S. typhimurium TA98. 

Test items Concentration 

 

Revertants 

TA98 

Inibition% Revertants 

TA98 

Inibition% 

Ag/Ag2O NPs ZnO NPs 

Positive 

control (1-

NP) 

200 ng/tube 1290±9.8 / 1326±10.2 / 

Nanoparticles 50 µg/tube 987±7.5 23.48% 1025±5.4 23.33% 

100 µg/tube 768±3.6 40.46% 735±9.3 45.81% 

150 µg/tube 679±4.1 47.36% 521±7.8 62.40% 

200 µg/tube 429±9.8 66.74% 389±9.9 69.53% 

250 µg/tube 374±3.9 70% 342±4.9 76.27% 

 

1.3.4. Anticoagulant activity of nanoparticles 

Similar to the positive control (EDTA), none of the nanoparticles (ZnO and Ag/Ag2O Nps) 

were able to prevent coagulation, but the negative control did. All blood samples treated with 

Ag/Ag2O Nps retained the biconcave disc form of red blood cells, as shown by microscopic 

analysis (Figure33). Nonetheless, the pH of Ag/Ag2O Nps and blood dilution with colloidal 

Ag/Ag2O Nps solution may be responsible for a small amount of morphological deformation.  
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Figure(33): Anticoagulant activity of ZnO and Ag/Ag2O nanoparticles synthesised using O. 

europaea (a) Anticoagulant activity of ZnO (b) Anticoagulant activity of and Ag/Ag2O (a-1) 

The microscopic examination of the blood sample treated with 50ppm ZnO (b-1) The 

microscopic examination of the blood sample treated with 50ppm Ag/Ag2O Nps. 

1.4. In vivo activity of aqueous extract of O. europaea and nanoparticles   

1.4.1. Toxicity study 

The groups who got ZnO NPs at two doses (50 mg/kg and 100 mg/kg body weight) did not 

have any deaths.  

The low-dose Ag/Ag2O NPs groups (2.5 mg/kg) did not significantly differ from the control 

group in terms of general health over the 28-day observation period. On the first day 

EDTA EDTA 
ZnO 

50ppm 

Control 
AgNps 

150 ppm 

Control 

(a) (b) 

(a-1) (b-1) 
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following the 2-hour injection, however, rats treated with the NPs displayed transient 

symptoms such delayed locomotion, yellowish feces with diarrhea, and dark yellow urine. 

The next day, these symptoms disappeared (Table 9).  

On the other hand, a rat that was given a greater dosage of Ag/Ag2O NPs (5 mg/kg body 

weight) passed away 24 hours after the treatment. The majority of the animals in the high-

dosage group (5 mg/kg bw i.p.) displayed symptoms that were probably brought on by the 

dose, including head twitches, diarrhea, loose stools, dark red urine, and alterations in food 

and water intake. But after four days, these harmful effects progressively went back to 

normal. These findings led to the estimation that the LD50 of Ag/Ag2O NPs in rats was 

higher than 5 mg/kg body weight. Ag/Ag2O NPs' effects on behavior and physiological 

states—both neurological and autonomic—declined with time and concentration. 

Table (9): Mortality, behavior observations, and clinical signs afterward the acute toxicity 

using Ag/Ag2O NPs and ZnO NPs 

Dose of 

Ag/Ag2ON

ps 

Tim

e 

mortallit

y 

Feed/ 

water  

Diarrh

ea 

Color of 

urine 

Lacrimat

ion 

moveme

nts 

atax

ia 

Head 

twitc

hes 

0 mg NPs 

Nps/kg of 

body 

weight 

(control) 

 

 

 

1h 0/5 N - Clear 

yellow 

- N - - 

2h N - Clear 

yellow 

- N - - 

6h N - Clear 

yellow 

- N - - 

12h N - Clear 

yellow 

- N - - 

24h N - Clear 

yellow 

- N - - 

2d N - Clear 

yellow 

- N - - 

7d N - Clear - N - - 
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yellow 

14d N - Clear 

yellow 

- N - - 

28d N - Clear 

yellow 

- N - - 

2.5 mg 

Ag/Ag2O 

Nps/kg of 

body 

weight 

1h 0/5 Fasting - Clear 

yellow 

- Slow - - 

2h Fasting - Dark 

yellow 

- Slow - - 

6h AbN + Clear 

yellow 

- AbN - - 

12h AbN - Clear 

yellow 

- AbN - - 

24h AbN - Clear 

yellow 

- N - - 

2d N - Clear 

yellow 

- N - - 

7d N - Clear 

yellow 

- N - - 

14d N - Clear 

yellow 

- N - - 

28d N - Clear 

yellow 

- N - - 

5 mg 

Ag/Ag2O 

Nps/kg of 

body 

1h 1/5 Fasting - Clear 

yellow 

- Clumsy 

and 

invariabl

y slow 

+ + 
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weight 2h Fasting ++ Dark-red - Clumsy 

and 

invariabl

y slow 

+++ ++ 

6h Fasting + Dark 

yellow 

- Slow ++ ++ 

12h Fasting - yellow - Slow + ++ 

24h AbN - yellow - AbN + + 

2d AbN - yellow - AbN + - 

7d AbN - Clear 

yellow 

- N - - 

14d N - Clear 

yellow 

- N - - 

28d N - Clear 

yellow 

- N - - 

50 mg 

ZnO 

Nps/kg of 

body 

weight 

1h 0/5 Fasting - Clear 

yellow 

- Slow - - 

2h Fasting - Dark 

yellow 

- Slow - - 

6h AbN + Clear 

yellow 

- AbN - - 

12h AbN - Clear 

yellow 

- AbN - - 

24h N - Clear 

yellow 

- N - - 

2d N - Clear 

yellow 

- N - - 
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7d N - Clear 

yellow 

- N - - 

14d N - Clear 

yellow 

- N - - 

28d N - Clear 

yellow 

- N - - 

100 mg 

ZnO 

Nps/kg of 

body 

weight 

1h 0/5 Fasting - Clear 

yellow 

- Clumsy 

and 

invariabl

y slow 

+ + 

2h Fasting ++ yellow - slow - + 

6h Fasting - Dark 

yellow 

- Slow - + 

12h AbN - yellow - Slow + + 

24h AbN - yellow - AbN - - 

2d AbN - yellow - AbN - - 

7d N - Clear 

yellow 

- N - - 

14d N - Clear 

yellow 

- N - - 

28d N - Clear 

yellow 

- N - - 

N: Normal , AbN: Abnormal. (-): no signs (+): signs present 

1.4.2.Preventive effect of nanoparticles: 

1.4.2.1. Hematological parameters analysis 
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Table 10 shows the outcomes of a hematological profile in rats of the control and treated 

group given a p.o. dose of 133 mg/kg of metribuzine for 21 days. Comparing the metribuzin-

treated animals to the control group, the former showed significantly decreased Hb 

concentration (p≤0.01) and PLT (p≤0.05). The WBC and RBC counts did not differ 

statistically from the control group. Rats co-treated with nanoparticles did not exhibit 

significant changes in their haematological parameters. However, Metribuzin revealed that the 

ZnO nanoparticle treatment group (2.5 mg/Kg) had an increase in Hb conconcentration as 

compared to the induced-rat group. PLT count decreased (p≤0.001) in the group receiving the 

highest dose of Ag/Ag2O NPs, 0.125 mg/kg.bw. 

Table(10): Protective effect of ZnO NPs and Ag/Ag2O NPs on hematological parameters 

analysis of intoxicated rats with Metribuzin   

Group WBC 10
3
/ul RBC 10

3
/ul Hb g/dl PLT 10

3
/ul 

Control 10.02± 0.74 8.5 ±0.21 15.94 ±0.17 1405 ±50.6 

Metribuzin  133mg/Kg 

group 

12.64 ±3.8 7.62 ±1.6 12.28 ±0.68
**

 1257 ±42.32
*
 

Metribuzin  133mg/Kg  

+ZnO NPs 2.5mg/Kg  

group 

10.48± 2.57 8.36 ±0.04 14.38± 0.29
b
 1349 ±22.7 

Metribuzin  133mg/Kg  

+ZnO NPs 5mg/Kg 

group 

11.1± 1.44 8.29± 0.25 14.24 ±0.61 1326 ±19.54 

Metribuzin  133mg/Kg  

+Ag/Ag2O NPs 

0.062mg/Kg group 

11.74 ±1.63 8.8± 0.08 14.04 ±0.4 1299 ±46.9 

Metribuzin  133mg/Kg  

+Ag/Ag2O NPs 

0.125mg/Kg group 

13.06 ±2.46 8.30 ±0.12 13.5 ±0.61 233 ±10.98
c
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1.4.2.2. Biochemical parameters analysis 

Significant effect of metribuzin in biochimical parameters, when increase in serum LDL, urea 

, acid uric, ASAT, ALAT, suggesting hepato-renal failure, on the other hand, ZnO NPs 

treatement has a benific effect against intoxicated rats with metribuzin. 

On the other hand, there was a beneficial effect of ZnO NPs on rats that consumed the 

pesticide, as the concentration of liver enzymes was diminished by both doses, 2.5 mg/Kg , 5 

mg/Kg. There is also another reducing effect of this nanoparticles on blood urea in rats treated 

with a concentration of 5 mg/Kg b.w. 

For the low dose Ag/Ag2O NPs treatement (0.062mg/Kg), we showed diminution in ASAT 

and ALAT. Regarding the high concentration (0.125mg/Kg), there was no difference in the 

effect on liver enzymes, compared to the group exposed to the pesticide, but it caused an 

increase in the level of creatinine in the blood.  

Table(11): Effect of ZnO NPs and Ag/Ag2O NPs on biochimical markers of metabolisme 

against intoxicated rats with metribuzin 

Group GLY 10
-2

 

mg/dl 

CHOL 10
-2

 

mg/dl 

TG 10
-2

 

mg/dl 

HDL 10
-2

 

mg/dl 

LDL 10
-2

 

mg/dl 

Control 0.81± 0.1 0.69 ±0.04 0.59± 0.07 0.48 ±0.09 0.092± 

0.08 

Metribuzin  

133mg/Kg 

group 

0.72± 0.12 0.83± 0.18 0.68± 0.09 0.50± 0.07 0.194 

±0.05
*
 

Metribuzin  

133mg/Kg  

+ZnO NPs 

2.5mg/Kg  

group 

0.81± 0.09 0.68 ±0.03 0.61± 0.08 0.42± 0.07 0.126± 0.1 

Metribuzin  

133mg/Kg  

+ZnO NPs 

0.78± 0.06 0.78 ±0.05 0.60 ±0.06 0.52 ±0.17 0.140±0.15 
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5mg/Kg group 

Metribuzin  

133mg/Kg  

+Ag/Ag2O NPs 

0.062mg/Kg 

group 

0.74± 0.04
 
 0.64 ±0.14 0.47± 0.09

a
 0.41± 0.08 0.136± 

0.26 

Metribuzin  

133mg/Kg  

+Ag/Ag2O NPs 

0.125mg/Kg 

group 

0.77± 0.03
 
 0.77± 0.05 0.80± 0.61

 b
 0.48± 0.1 0.13± 0.3 

Table(12): Effect of ZnO NPs and Ag/Ag2O NPs on biochimical markers of kidney and liver 

against intoxicated rats with metribuzin 

Group UREA 10
-2

 

mg/dl  

CREATININE 

10
-2

 mg/dl 

URIC 

ACID 

ASAT U/mL ALAT 

U/mL 

Control 0.43 ±0.08 4.26± 0.9 32.91± 5.6 222.9 ±45.96  54.1 ±4.75 

Metribuzin 

133mg/Kg 

group 

 0.67 

±0.07
*
 

3.73 ±0.34  56.02 ±5.72
*
 357.6 ±50.56

*
 81 ±3.47

**
 

Metribuzin  

133mg/Kg  

+ZnO NPs 

2.5mg/Kg  

group 

0.55 ±0.04 3.00 ±0.09 38.18± 3.76 257.81±28.24
 

a
 

63.02±1.49
a
 

Metribuzin  

133mg/Kg  

+ZnO NPs 

5mg/Kg group 

0.43±0.02
 b
 3.63± 0.13 34.94±6.03 238.6 ±23.10

 b
 68.4 ±7.4

a
 

Metribuzin  0.55 ±0.06 3.43 ±0.38 46.72 ±8.45 250.6±15.42
 a
 58.4 ±7.1

b
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133mg/Kg  

+Ag/Ag2O 

NPs 

0.062mg/Kg 

group 

Metribuzin  

133mg/Kg  

+Ag/Ag2O 

NPs 

0.125mg/Kg 

group 

0.59 ±0.04 5.28 ±0.81
 b
 52.54 

±14.26 

301.4 ±14.75
 
 87.0 ±2.04 

1.4.2.3. Oxidative stress parameters 

1.4.2.3.1. Determination of malondialdehyde (MDA) level reduced glutathione level  

(GSH) 

In intoxicated group with metribuzin, a significant imbalance of oxidative stress in the liver, 

kidney,MDA (p≤0.05) GSH((p≤0.05) , MDA (p≤0.01)  GSH((p≤0.05), respectively. Analysis 

of parameter of oxidative stress showed that the spleen has no sighnificance for status of 

spleen .  

When using ZnO nanoparticles, for tow doses there is generally a correction in the imbalance 

of oxidative stress in the studied organs, as the results were as follows: reduction  MDA levels 

in liver and kidney, also advancement GSH contents in kidney, compared to the intoxicated 

group with metribuzin.  

For Ag/Ag2O NPs at low dose, our results showed that it has beneficial effect on the 

imbalance of oxidative stress in the liver and kidney. On the contrary, the effect of the higher 

concentration of Ag/Ag2O NPs (0.125 mg/Kg b.w) was completely opposite, as it caused 

increased stress on the liver, kidneys and spleen of the intoxicated rats with metribuzin. 
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Table(13): Effect of ZnO NPs and Ag/Ag2O NPs on oxidative stress markers of kidney, liver 

and spleen against intoxicated rats with metribuzin. 

Group MDA nM/mg P GSH nM/mg P 

liver kideny spleen liver kideny spleen 

Control 1.637±0.92 1.895± 1.00 2.26± 0.83 4.248 ±1.02 2.853 ±0.89 3.940±0.62 

Metribuzin  

133mg/Kg 

group 

2.606± 

0.78 
*
 

3.290±0.21
**

 2.4 ±0.91 2.366±0.56
*
 1.670±0.40

**
 3.319±1.09 

Metribuzin  

133mg/Kg  

+ZnO NPs 

2.5mg/Kg  

group 

0.968 

±1.03
 b
 

1.799 ±0.67
 

b
 

2.870
 

±0.62 

3.056 ±0.60 2.771 ±0.09 3.79± 0.71 

Metribuzin  

133mg/Kg  

+ZnO NPs 

5mg/Kg 

group 

1.736 

±0.05 

1.863 ±0.79
 

b
 

2.260 

±0.91 

2.924 ±1.04 3.74 ±0.69
 a
 2.561± 

0.69 

Metribuzin  

133 mg/Kg  

+Ag/Ag2O 

NPs 

0.062mg/Kg 

group 

1.234±0.6
  

a
 

1.690± 0.55
 

b
 

2.730±0.73 3.621 ±0.82 2.810 ±0.75
 

a
 

2.908 

±0.82 

Metribuzin  

133mg/Kg  

+Ag/Ag2O 

NPs 

0.125mg/Kg 

2.214± 

0.67 

2.820 ±1.82 3.02± 0.94
 

a
 

1.044± 0.69
 

b
 

1.540
 
±0.42

 a
 2.001 

±0.63 
a
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group 

1.4.2.3.4. Histopathological study of liver, Kidney and spleen 

 1.4.2.3.4.1. .Histopathological study of liver 

Histopathological analysis of rat liver sections in the different experimental groups showing 

effect of Metribuzin  and protective effect of treatment with different doses of  ZnO NPs and 

Ag/Ag2O NPS. Liver sections of control group showing normal architecture of hepatocytes, 

and Liver of rat treated with Metribuzin  showing dilatation and congestion in the portal vein 

associated with diffuse kupffer cells proliferation in between the hepatocytes, Liver of rat 

treated with ZnO NPs (2.5 mg/Kg, 5 mg/Kg) with Metribuzin  intoxication showing normal 

architecture of hepatocytes, Liver of rat treated with Ag/Ag2O NPs (125 μg/kg) with 

Metribuzin  intoxication showing dilatation and congestion were detected in the central and 

inflammatory cells infiltration in the portal area, fanelly, the liver of rat treated with Ag/Ag2O 

NPs (62.5 μg/kg) with Metribuzin  intoxication showing mild dilation of central vein. 

 

 

 

 

 

 

     (a)                                                        (c)                                            (e) 

 

 

 

 

 

        (b)                                                     (d)                                            (f) 
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Figure(34): Photomicrographs of rat liver sections in the different experimental groups . a: 

control group. b treated group with Metribuzin  . c-d: treated group with ZnO NPs (2.5 

mg/Kg, 5 mg/Kg) and Metribuzin  intoxication . e-: treated group with Ag/Ag2O NPs (125 

μg/kg) and Metribuzin  intoxication . f : treated group with Ag/Ag2O NPs (62.5 μg/kg) and 

Metribuzin  intoxication . 

1.4.2.3.4.1. Histopathological study of kidney 

Histopathological analysis of rat kidney sections in the different experimental groups showing 

effect of Metribuzin  and protective effect of treatment with different doses of  ZnO NPs and 

Ag/Ag2O NPs. kidney sections of control group showing normal architecture of kidney cells. 

For treated group with Metribuzin  showing, it was noted that Metribuzin caused a serious 

damage in the kidney , reveal degenerative changes, atrophy, capsule distortion, and 

inflammatory cells. the ZnO NPs  treatment groups  (2.5 mg/Kg, 5 mg/Kg) significantly 

reduced the extent of the damage and provided significant improvement in glomerular and 

tubular structure. 

Kidney of rat treated with higher dose Ag/Ag2O NPs (125 μg/kg)+ Metribuzin; 

showing   tubular dilation and cellular infiltrations. Finally, the kidney  of rat treated with low 

dose  Ag/Ag2O NPs (62.5 μg/kg)+ Metribuzin; showing  glomeruli and tubules were better 

preserved with low-dose. However,some tissue injury was observed in them. 

              (a)                                               (c)                                         (e) 
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                  (b)                                        (d)                                              (f) 

Figure(35):Photomicrographs of rat Kidney sections in the different experimental groups 

showing effect of Metribuzin  and protective effect of treatment with different doses of  ZnO 

NPs and Ag/Ag2O NPs. a: control group, b: treated group with Metribuzin , c-d: treated group 

with ZnO NPs (2.5 mg/Kg, 5 mg/Kg) with Metribuzin  intoxication, e-f: treated group with 

Ag/Ag2O NPs (125 μg/kg, 62.5 μg/kg) with Metribuzin  intoxication 

1.4.2.3.4.3. Histopathological study of spleen 

Sections of splenic tissues of all rats groups did not show any significant recovery. With the 

exception of the higher concentration group of Ag/Ag2O NPs (125 μg/kg,), , 

Histopathological study displayed deleterious alterations in their spleen tissues where that this 

dose cause haemorrhagic splenities.  

 

 

 

 

 

 

(a)                                               (c)                                             (e) 
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(b)                                                      (d)                                       (f) 

Figure(36): Photomicrographs of rat spleen sections in the different experimental groups 

showing effect of Metribuzin  and protective effect of treatment with different doses of  ZnO 

NPs and Ag/Ag2O NPS. a: spleen sections of control group, b: spleen of rat treated with 

Metribuzin , c-d: spleen of rat treated with ZnO NPs (2.5 mg/Kg, 5 mg/Kg) with Metribuzin  

intoxication, e-f: spleen of rat treated with Ag/Ag2O NPs (125 μg/kg, 62.5 μg/kg) with 

Metribuzin  intoxication 
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2. Discussion 

Natural drugs provide limited hope for health restoration due to their non-targeted action, 

slow absorption, and, in some cases, reduced effectiveness and prolonged recovery times. 

Recently, biodegradable nanoparticles have been increasingly employed as treatment delivery 

vehicles because of their excellent bioavailability, superior encapsulation, and targeted drug 

efficacy (Singh et al., 2018)   

The present study was aimed to biosynthesize the Ag/Ag2O Nps and ZnO Nps  using  Olea 

europaea leaf extract  and  to evaluate antioxidant, antibacterial, anti mutagenic and anti 

coagulant activities, and  to determine their biological actevities and hepato-nephroprotector  

effect against Metribuzin   induced toxicity in a rat model . 

Ag/Ag2O Nps and ZnO Nps may be synthesized using Olea europaea leaf extract, which is a 

wonderful and environmentally friendly substitute for conventional physical and chemical 

methods. It is also sustainable and adaptable. This approach is environmentally friendly and 

economical because it avoids the use of hazardous chemicals, uses natural materials, and 

operates in temperate weather. Further functionalization and stabilization are made possible 

by the presence of bioactive substances in the leaf extract, and precise control over 

nanoparticle size and shape is made possible by the bio-inspired synthesis approach. On the 

other hand, toxic substances, extreme temperatures, and a lack of precision in managing the 

features of nanoparticles are common in physical and chemical procedures.  

 (Trang  et al., 2021) .  

For using this simple and friendly process, we analyse the compounds of O. europaea var. 

Chemllali. Our results of phytochemical screening and determination of some phenolic 

compounds of aqueous extract of dried leaves of Olea europaea revealed the presence of 

various bioactive compounds, including phenolics, flavonoids, tanins,terpenoids and reducter 

sugers. The total phenolic content, total flavonoids and condensed tanins were found to be 

143.279 ± 1.7 ug GAE/mg extract, 6.764 ± 0.025 ug QCE/mg extract,and 16.333 ± 0.12 ug 

CTE/mg extract respectively.  

 The HPLC analysis of olive leaf aqueous extract also  allowed the identification of eight 

phenolic compounds: Chlorogenic Acid, Vanilic acid , Caffiec Acid, Vanilin ,p-Coumaric 

Acid, Rutin , Naringin, Quercetin, All these compounds were previously reported to occur in 
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olive leaf. (Benavente-García et al.,2000) (Paiva-Martins and Gordon, 2001) (Briante et 

al.,2002) (Bouaziz and Sayadi.,2005) 

As well-known antioxidants, phenolic chemicals work to prevent free radicals that cause 

oxidative injury (Aziz , 2012) . The yield of some chemical groups that are more 

frequentlyemployed in medicine was calculated in this study using aqueous extract of O. 

europaea leaves. 

This study demonstrates the manufacture of biogenic AgNPs with an aqueous extract of O. 

europaea acting as a reducing agent. Important biological components found in the O. 

europaea extract have been employed in green synthesis as capping agents and reductants. 

Plant material contains polyphenols, which are frequently crucial to these activities. The 

methods used are straightforward, safe for the environment, and typically involve one pot. 

High polyphenol extracts function as capping and chelating/reducing agents for nanoparticles 

(Kharissova et al.,2013) . 

The reduction of Ag+ ions into Ag0 ions during the creation of biogenic AgNPs was easily 

observed visually and by UV-Vis spectroscopy. After 30 minutes of incubation, it was seen 

that the O. europaea aqueous extract's color changed from yellow to dark brown, indicating 

the creation of silver nanoparticles. This was achieved by adding the aqueous extract to the 

volumetric flask containing the AgNO3 solution. The UV-Vis spectra's absorption peak at 

400 nm for all incubation durations further supported its production.  

. As a result, the synthesis of biogenic AgNPs took 30 minutes, offering a simple and quick 

procedure. This was a significant benefit of biological methods over other approaches that 

used different primary biological material because they are typically synthesized in 30 

minutes or less (Padalia et al., 2015; Lakshmanan et al., 2018; Chandran et al., 2006). 

Moreover, Ag-O is represented by the vibration band at 564 cm-1. AgNPs have been 

identified as the source of the fingerprint region between 1000 and 400 cm−1(Tedjani et al ., 

2022).   

Many functional groups found in Olea europaea L. extract, such as carbonyl, carboxyl, 

amide, and phenols, serve as capping and bio-reducing agents for the environmentally 

friendly production of Ag/Ag2O (Nanaei et al., 2019). These groups are essential to the 

interactions, binding, and stability of Ag and the extract molecules in the end product (Jose 

Luis and Du Wessel, 2018). 
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The average size distribution of biosynthesized Ag/Ag2O NPs is principally 45 nm. In the 

image, deformed spherical shaped particles are shown for Ag/Ag2O NPs greater than 60 nm in 

size due to Olea Europaea leaf extract lacks or contains too many bioactive agents, which 

leads to reduced interaction between the bioreducing agents and the precursor Ag. 

SEM revealed that biogenic Ag/Ag2O NPs with spherical and oval forms are widely 

distributed. It was found that the maximal two peaks (38.201 and 32.555) were, respectively, 

24 nm for Ag and 26 nm for Ag2O. Using plant extracts as reducing agents, AgNPs ranging in 

size from 2 to 75 nm have shown comparable results(Chandran et al., 2006) (Tripathy et al., 

2009) (Huanget al 2007) (Salari et al.,2019) . 

Fresh leaf extract of O.europaea, which contains reducing and stabilizing agents such 

flavonoids and terpenoids, was used to create ZnO NPs . The ocular inspection verified the 

production of ZnO NPs. The leaf mixture's color turned to yellow upon adding 

Zn(NO3)2.6H2O, signifying the production of ZnO NPs. A powder that was yellowish-white 

was produced after calcination. This observation was in line with the findings of Khan et al. 

(2019).  

Surface plasmon resonance is responsible for the unique optical properties of NPs, and it is 

mostly dependent on their size and shape. ZnO NPs exhibited strong absorption between 220-

380 nm (Fadillah et al.,2021). 

FTIR analysis was performed on the green produced zinc oxide nanoparticles (NPs). The 

broad signal observed at 457 cm-1, which is consistent with the expected characteristic peak 

for zinc oxide, indicates the production of Zn-O bonds (Handore et al., 2014). This 

observation is consistent with ZnO being synthesized or present in the material under 

analysis. All things considered, the infrared spectrum offers insightful information about the 

molecular makeup and bonding relationships of the ZnO and extract, supporting a thorough 

comprehension of their chemical characteristics. 

ZnO NPs' size and crystalline structure were ascertained by XRD analysis. ZnO was 

determined to have a particle size of 18.79 nm. Drawing conclusions from the microscopic 

analysis, a spherical and short rod shape is formed. ZnO nanoparticles have an average size 

distribution between 40 and 60 nm, according to an analysis of particle size distribution 

histograms. The presence of zinc and oxygen is confirmed by the EDX peaks, which amply 

demonstrates the creation of ZnO NPs.  

Leaf extracts from Euphorbia sanguinea (Ekennia et al. 2021), S. persica (Alharthi et al. 
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2020), and Costus woodsonii (Khan et al. 2019) showed similar study. 

 

Antioxidants play a critical role in preventing the damaging effects of free radicals and 

stopping the domino effect they start. A substance's potential to neutralize reactive species is 

indicated by its antioxidant activity (He et al., 2017).  

The antioxidant activity of the aqueous extract of Olea europaea leaf, Ag/Ag2O  NPs, and 

ZnO NPs was examined using antioxidant assays, DPPH radical scavenging assay, ferric 

reducing antioxidant power, and total antioxidant capacity (TAC) in order to assess the 

antioxydant potential of the nanoparticles.  

 

When compared to Ag/Ag2O NPs, the leaf extract showed greater scavenging activity at 

lower concentrations. Nonetheless, the scavenging activity was 60.0% and 93.3% for the leaf 

extract and 67.1% and 95.2% for Ag NPs at doses of 62.5 and 125 µg/mL, respectively. At 

increasing concentrations of both nanoparticles, the TAC and FRAP values increased for the 

nanoparticles. At a concentration of 200 µg/mL, Ag/Ag2O Nps exhibited the most noteworthy 

antioxydant activity, surpassing those of ZnO Nps at the same concentration.  

 In contrast to vitamin C, Nadour et al. assessed the antioxidant capabilities of phenolic 

compounds found in the O. europaea L chamlali variety. It was discovered that important tests 

for iron reduction and hydrogen peroxide (H2O2) scavenging were carried out to ascertain the 

antioxidant properties. Strong reducing powers were shown by all of the drugs that were 

examined (Nadour et al., 2012).  

It's critical to recognize that increased Ag/Ag2O NP concentrations may have unfavorable 

effects or cause oxidative stress, which may affect the scavenging activity of these particles. 

Therefore, it's critical to balance the intended antioxidant effects with any potential 

cytotoxicity or negative effects linked to increased nanoparticle concentrations (Balkrishna et 

al.,2021) . 

Nanoparticles may have a mild antioxidant impact at lower concentrations, most likely by 

reducing reactive oxygen species (ROS) and oxidative stress. Higher doses of nanoparticles, it 

is crucial to understand, may cause oxidative stress and adversely impact cellular function.  

One of the main causes of fatalities and persistent diseases is bacterial infection. Due to their 

potent effects and low cost, antibiotics have long been the treatment of choice for bacterial 

illnesses. Nonetheless, a number of investigations have offered concrete proof that the 
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evolution of bacterial strains resistant to several drugs is a direct result of the extensive use of 

antibiotics. Indeed, the abuse of antibiotics has recently led to the development of super-

bacteria, which are resistant to almost all antibiotics (Hsueh, 2010). 

Since nanomaterials act by making direct contact with the bacterial cell wall without having 

to penetrate the cell, the majority of antibiotic resistance mechanisms do not apply to 

nanoparticles (NPs). This suggests that NPs may be less likely than antibiotics to encourage 

bacterial resistance. As a result, intriguing novel NP-based compounds with antibacterial 

activity have received a lot of attention (Wang  et al.,2017).  

When testing the antibacterial activityof ZnO NPs and Ag/Ag2O NPs  in solid media by well 

diffusion method, we observe better activity of silver compared to zinc oxid nanoparticles. On 

the other hand, when studying the kinetics of antibacterial activity in liquid media, we notice 

that both nanoparticles have a very effective role in eliminating the growth of bacteria or 

delaying their growth. The lack of ZnO NPs activity in solid media is likely due to The 

dissolution levels of ZnO NPs. Many reports have confirmed that ZnO tends to dissolve under 

aqueous, acidic, and biological conditions  (Choi et al.,2014) (Zheng et al.,2011) (Saliani et 

al.,2015) (Yan X et al.,2015) . 

However, the dosages and physicochemical characteristics of the materials under test had a 

significant impact on the ZnO dissolution levels. ZnO nanoparticles' density, 

agglomerate/aggregate size, and specific surface area appear to be the key physicochemical 

properties influencing the kinetics of dissolution. According to Cardoso et al. (2021), ZnO 

nanoparticle aggregation/agglomeration and specific surface area have a significant impact on 

the dissolving kinetics of the particles. Low solubility is also most likely caused by a high 

ZnO NP concentration.  

Ag/Ag2O NPs' antibacterial activity is dependent on how positively charged Ag+ ions interact 

with negatively charged bacterial cell walls. This interaction contributes to the antibacterial 

activity by causing an imbalance in membrane permeability and inhibiting cellular enzymes  

(Lava et al.,2021) .  

Because it can release Ag+ ions more gradually and consistently than Ag+ solutions (like 

AgNO3), the Ag2O phase, like the Ag phase, can be regarded as a good substitute. Ag+ ions 

are preferentially released from the (100} facets of the cubic Ag2O phase due to their 

increased reactivity compared to the (111) facets. The cubic Ag2O crystal structure's surface 
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charges, which are surrounded by the ~100) facets, promote bacterial adsorption and may 

slightly strengthen the antibacterial effect.  

. As such, solid Ag2O states seem promising as efficient Ag+ solution alternatives in a range 

of applications. Moreover, the significant release of silver ions into the cell is made possible 

by Ag/Ag2O NPs' capacity to adhere to, penetrate, and aggregate within the bacterial cell 

membrane (Selem et al., 2022).  

In line with our findings, a prior work by Skóra et al., (2021) showed that Ag NPs had 

extremely effective antibacterial action against P. aeruginosa, S. aureus, and E. coli. 

Furthermore, reactive oxygen species produced by silver nanoparticles alter the structure of 

DNA and proteins, causing cell death ( Sondi and Salopek-Sondi.,2004) (Lee et al., 2003)  

It has been proposed that these ions interact with thiol groups in enzymes, like NADH 

dehydrogenases, to cause disruptions in the respiratory chain, which in turn leads to the death 

of bacterial cells. Depending on the particular bacteria being targeted, the antibacterial 

mechanism may change (Mathew et al., 2015).  

The ZnO NPs' functionality is responsible for the kinetic antibacterial activity that was 

detected in this investigation as well. Previous reports have proposed that the bactericidal 

action of ZnOnanoparticles, which ultimately results in bacterial cell death, may be caused by 

the negative influence on bacterial cell membranes and the expulsion of cytoplasmic 

substances. Reactive oxygen species interaction with the cell wall and the production of 

antimicrobial ions (Zn 2+) are the mechanisms responsible for the inhibition of bacterial 

activity ( Li et al.,2011) (Salih and Smail., 2016) . 

Zinc oxide nanoparticles are well known for their antibacterial properties, which inhibit the 

growth of germs by penetrating the cell membrane. Furthermore taken into consideration is 

the toxicity of nanoparticles, which release harmful ions. Zinc oxide reacts with both alkalis 

and acids to produce Zn2+ ions because it is an amphoteric substance. Unrestricted Zn2+ ions 

directly bind to macromolecules like proteins and sugars, stopping all of the bacteria's 

essential processes (Kelly et al.,1998) .  

Certain substances, such as antimutagenics, lessen or even completely eradicate the harmful 

effects of chemicals. The word "antimutagenic" was first used by Novick and Szilard (1952) 

to describe an agent that has the capacity to reduce the rate or generation of induced or 

spontaneous mutations. Both artificial and natural variables are included in this group. Two 

different kinds of anti-mutagenics can be taught, according to Kada et al. (1982). Extracellular 

desmutagens can inactivate mutagenic chemicals before they reach genetic material. 
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Conversely, bioantimutagens function inside the cell and aid in the suppression of mutations 

following DNA damage.  

 

The mutagenicity test, sometimes referred to as the Ames test, is one of the toxicity 

assessment tests. This assay is approved for the identification of single compounds, mixtures, 

and environmental materials that have the potential to cause genetic harm and mutate genes. 

Apart from assessing the synergistic effects of the mixture's constituents, it has also been 

extensively employed in research to clarify the processes of mutagenesis and antimutagenics 

agents (Umbuzeiro and Vargas.,2003) The Ames test is based on the use of Salmonella 

Typhimurium TA98 strains, which are auxotrophic for the amino acid histidine (His−), 

meaning they are unable to manufacture the histidine required for growth, to induce reverse 

mutations. The histidine operon, which is intended to identify DNA alterations such 

frameshifts and base pair substitutions, is mutated in a variety of ways in these strains. 

 

 Unless additional mutations develop at the site of existing mutations or in neighboring genes 

that restore histidine synthesis, they are unable to grow in a minimum culture media without 

histidine. The test is known as a reversal test because these mutant cells can proliferate and 

form colonies in the absence of histidine. By counting colonies that proliferate in minimum 

medium following exposure of a cell population to the chemical under test, the number of 

revertants can be readily determined (Ames et al., 1973). 

Human carcinogenicity is a classification given to nitroaromatic compounds, and 1-NP's 

presence in food poses a serious threat to public health. The Ames mutagenesis test shows 

that nitroreduction of 1-NP is an essential process contributing to mutagenesis. Salmonella 

typhimurium TA98 demonstrates heightened susceptibility to mutagens nitroaromatic. One of 

the genotoxicity tests now in use, the Salmonella reverse mutation assay is a part of numerous 

batteries used to evaluate genotoxic danger (Cimino, 2006) .   

Illnesses, including cancer, stem from DNA damage that hasn't been sufficiently repaired by 

the body's own repair mechanism. Genetic mutations are caused by inadequate repair of DNA 

damage. In somatic cells, repair defects may lead to the development of tumors, while in germ 

cells, failure to repair raises the risk of genetic disorders in the progeny (Benigni R., 2005). 

Moreover, metal ions such as silver have the ability to strongly bind with either O or N in the 

mutagenic chemical complex (Kadriye and Canan 2021) . The best strategy to avoid cancer 
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and genetic illnesses in daily life is to use anti-mutagenic and anti-carcinogenic drugs (Kim et 

al.,2000) . 

Regarding  our results  of antimutagenic activity of the Ag/Ag2O Nps and ZnO Nps 

biosynthetised by aqoues extract O. europaea leaves against 1-NP in S. typhimurium TA98, 

this study showed strong  anti-mutagenic effect of  the both  nanoparticles at 250 ug/ml 

concentration against 1-NP (200 ng/plate) ,70 % and 76.4 % respectively, when it increased in 

a dose-dependent manner .  

Sarac and colleagues (2018) recently reported that silver nanoparticles biosynthesised from 

Streptomyces griseorubens AU2 had anti-mutagenic capabilities. At 250 µg/plate, these 

nanoparticles shown the highest anti-mutagenic activity against 4-Nitro-o-phenylenediamine 

(4-NPD: 3 µg/plate) on S. typhimurium TA98. In a different study, Kadriye and Canan (2021) 

found that biosynthesized silver nanoparticles using Rosa canina waste seed (40 µg/plate) had 

a high antimutagenic impact (more than 60% suppression) on S. typhimurium TA98 against 

4-NPD at 0.1 ml/plate. 

Anti-mutagenic substances perform a variety of essential roles and are functional at the 

cellular level. These include changing the actions of enzymes in charge of detoxifying 

mutagens, restricting the actions of enzymes in charge of creating mutagen metabolites, 

ensnaring electrophiles, impeding metabolic activation, scavenging reactive oxygen species, 

and protecting DNA's nucleophilic sites (Ratnam et al.,2006) (Sarac  et al., 2018).  

In the studies, silver nanoparticles' outstanding nitric oxide scavenging activity was noted in a 

dose-dependent way  (Gonzalez-Ballesteros et al.,2019) . 

The components of the nanoparticles are biocompatible and can be utilized as anticoagulants 

because the manufacture of the particles via plant-mediated synthesis is a straightforward 

process. By mixing the synthesized nanoparticles with recently drawn blood, the 

anticoagulant qualities of the particles were investigated. 

Blood clot was observed in the vial control while there was no blood clot witnessed in the vial 

of Ag/Ag2O NPs  at 150 ppm concentration, and an other vial  containing ZnO NPs 50 ppm, 

and  stable for a longer time. This confirms that the silver nanoparticles and  zinc oxide 

nanoparticles  can be used as a blood anticoagulant. This is in accordance with the results 

obtained by Jeyaraj et al., (2013) , El-Waseif et al., (2022) and Ahmed et al., (2024) 

While this anticoagulant property has potential in nanomedicine for the management of blood 

clotting disorders, it also highlights the importance of ensuring that when these molecules are 
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used as drug carriers or coating agents on medical instruments, they do not cause no blood 

clotting on contact. (Singh  et al.,2015) . 

There is substantial evidence suggesting that nanoparticles can enhance the efficacy of 

conventional anticoagulant agents, reducing drug concentration, administration frequency, 

and treatment costs (Lateef et al., 2017) . 

Because of changes in lifestyle, cardiovascular illnesses are now a leading cause of mortality 

and disability globally. The primary ailment is atherosclerosis, which typically takes years to 

manifest and is not always identified right away. Modifying risk factors lowers mortality and 

morbidity. Thromboembolic illness has been successfully prevented by anticoagulant 

medications. The synthesis of plasmin, an enzyme that breaks fibrin bonds and dissolves 

blood clots, may be stimulated in part by ZnO NPs (Camara et al.,2011) . 

Biogenic Ag/Ag2O NPs and ZnO NPs demonstrated efficacy in this investigation, suggesting 

potential clinical uses for thrombosis and associated diseases prevention. 

Metal nanoparticles constitute valuable tools to improve the effectiveness of current 

treatments and improve patient compliance with treatments. Therefore, discovering a way to 

produce nanoparticles with fewer defects related to their physicochemical properties, such as 

stability, biocompatibility and safety for biochemical applications, represents a major 

challenge for researchers. 

As for studying the toxicity of nanoparticles and their effect on the body of rats, in this 

experiment the groups that were injected with ZnO NPs (50 and 100 mg/kg) were not severely 

affected, while the groups treated with Ag/Ag2O NPs  were greatly affected at both 

concentrations (2.5 and 5 mg/kg). 

Rats were selected as the in vivo model of exposure because of their similarity with human 

metabolic, biochemical and physiological pathways (Singh et al., 2018). 

Li et al.,(2012) , studied the biodistribution of zinc oxide nanoparticles administered orally or 

by ip injection to a month and a half-old mice. No obvious adverse effects were detected in 

mice orally treated with zinc oxide nanoparticles during the tow weeks of study. However, 

intraperitoneal injection of 2.5 g/kg body weight given to mice showed zinc accumulation in 

the heart, liver, spleen, lungs, kidneys, and testes. An approximately nine-fold increase in zinc 

oxide nanoparticles in the liver was observed after 72 hours. Zinc oxide nanoparticles have 
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been shown to have better biodistribution efficacy to the liver, spleen, and kidneys compared 

to orally fed mice.. For this reason, this method of injection was chosen in our study.  

Zinc oxide nanoparticles are known to be one of those inorganic mineral oxides that meet all 

the body's requirements and can therefore be safely used as a medicine, as a preservative in 

packaging and as an antimicrobial agent (Baum et al.,2000) (Hiller and Perlmutter ,1971) . 

Because zinc is essential for many biological processes, including immune system function, 

cell division, growth, enzyme activity, DNA synthesis, and protein synthesis, zinc oxide 

(ZnO) is widely used in the food industry as a Zn supplement, nutrient fortifier, and 

agricultural fertilizer (Gupta and Yadav, 2014). Zinc is a vital mineral that the body needs to 

function, and the recommended daily consumption for males and women is 11 mg and 8 mg, 

respectively (NIH, 2021) .     

So, ZnO is generally considered as a material with low toxicity, because zinc is a principle 

trace element in the human body and is commonly present in foods or added as a nutritional 

supplement,  zinc has a little attention during assessment of toxicity of nanoparticles. 

AgNP exposure, however, can have negative effects, such as drug interactions due to AgNPs' 

inhibitory effect on microsomal enzymes (Kulthong et al., 2012). Following absorption, silver 

nanoparticles spread widely, have the ability to agglomerate, and may activate the immune 

system, all of which may have unclear repercussions. The majority of AgNP toxicity research 

has been done in vitro using particles with sizes ranging from 1 to 100 nm. Although the 

duration of the animal trials that are now available is somewhat short, data have demonstrated 

that AgNPs produce histological abnormalities in the skin ,liver, spleen, and muscle (Korani 

et al.,2013) (Moreno et al.,2021) . 

Previous research like Recordati et al. (2016)study, which discovered enhanced distribution of 

silver in tissues and acute negative effects linked to the usage of nanoparticles, suggest that 

the toxicity of the nanoparticles may be due to their small size. These findings are in line with 

other research that evaluated the short-term and high concentration effects of Ag/Ag2O NPs in 

rats and showed increased production of ROS, oxidative stress, hepatotoxicity, serum 

biochemical changes, and damage to DNA and liver tissue in addition to increased lipid 

hydroperoxidation (LHP).  It is noteworthy that smaller particles have a higher probability of 

releasing silver ions from their surface compared to larger ones. This phenomenon could 

perhaps explain the observed indications of oxidative stress and hepatotoxicity. It is unclear, 
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though, that the toxicity of silver nanoparticles is the only cause of these effects (Recordati et 

al., 2016) (Cerqueira et al., 2018) . 

The most widely used pesticide in Algeria is called metribuzin (4-amino-6-tert-butyl-4,5-

dihydro-3-methylthio-1,2,4-triazin-5-one), a herbicide that is used to vegetable crops with the 

specific goal of controlling grassy and broadleaf weeds. Metribuzin is frequently used on 

tomatoes, potatoes, peas, lentils, and soybeans (Medjdoub et al.,2011) .  

The presence of pesticides in food is a great public concern since they may have both acute 

and chronic effects on health (Hernández et al.,2013) .  

There is evidence from animal studies that Metribuzin may cause adverse health effects, such 

as liver enzyme activities, histopathological changes, endocrine modifications , kidney 

alterationsand fetus toxicity (Porter et al.,1993) (USEPA .,2003) .  

This is confirmed by our current study, where we found that giving rats a dose of 110 mg/kg  

p.o of Metribuzin e for 21 days led to damage  the liver and kidneys, where a main 

hematological response of rats to exposure of metribuzin was a decrease of  Hb and PLT 

values compared to the control group.  

 Pesticides may have an impact on erythroid tissue, which could explain the study's findings 

of decreased Hb concentration and red blood cell count. Because circulating erythrocytes have 

a shorter lifespan and less Hb is biosynthesised, anemia is caused by pesticide residue 

poisoning. (El-Sayed et al.,2007). Kadache L et al. (2017) also documented comparable 

alterations in the haematocrit value, hemoglobin, and erythrocyte counts. 

Significant increase in serum ALT, ALP, Acid uric and urea suggesting hepato-renal failure, 

concomitant reduction in haemoglobin and plattete level,with a significant imbalance of 

oxidative stress in the liver and kidney, respectively as evidenced by elevated MDA levels, 

reduced GSH contents, compared to the control group. All this is confirmed by 

histopathological observations of liver and kidney tissue . A significant increase of marker 

enzymes in serum is an indication of damage in the liver plasma membrane, due to the 

oxidation of polyunsaturated fatty acids in the plasma membrane by ROS (Hassan et al., 

2014).  

This study is also consistent with previous studies (Medila et al., 2021) (Kadeche et al.,2017) .  
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Glutathione is the primary line of defense against oxidative stress; when groups are exposed 

to toxicants, their glutathione levels decrease, indicating cellular damage. The therapy groups 

experienced a reduction in this cellular damage. Our present findings align with earlier 

research findings(Karthikeyan et al.,2012). For instance, Medila et al., (2021) reported a 

decrease in antioxidant defense due to reduced expression of antioxidants during 

hepatocellular damage. According to Karthikeyan et al. (2014), animals exposed to toxins saw 

a decrease in GSH levels, which resulted in cellular damage. The recovery of GSH and GSSG 

in the therapy groups in our study points to a reduction in liver damage. The therapies' ability 

to neutralize free radicals and prevent GSH depletion may account for their hepatoprotective 

qualities (Zeng et al.,2014). This last point is confirmed by ours  results obtained in this study. 

As is known, a lot of work has been done on medicinal implications of Ag/Ag2O NPs and 

ZnO NPs , but to the best of our knowledge, this is the first ever piece of work to evaluate the 

nephro-hepatoprotective efficiency of biosynthesized Ag/Ag2O NPs and ZnO NPs using O. 

eurapaea leaves aqous extract against  metrubizin toxicity in albinos rats. 

After 21 days the groups co-treated with zinc oxid  nanoparticles, there were a very clear 

effect in some biochemical parameters and histopathological  of liver, kidney and spleen. 

Where the decrease of PLT count (p≤0.001) observed in groupe treated with hight dose 

125ug/Kg .bw of Ag/Ag2O NPs, this study may be due to the effect of anticoagulante of this 

nanoparticles , showed in our study previously . 

 

The both ZnO NPs groups (at dose 2.5 and 5 mg/kg) were obtained a notable enhancing effect 

in preventing the damage caused by the herbicide  in rats of  control positive group. Where it 

exhibit significant restoration in above indices towards normal when compared with 

Metribuzin  in toxicated group . Vascular congestion, disruption of glomerulus epithelium, 

dilated Bowman‘s capsule appeared in kidney tissues of Metribuzin  rats  . The distal 

convoluted tubules were significantly injured by metribuzin, according to the results. On the 

other hand, green generated ZnONPs cured the kidneys of Metribuzin-treated rats. Significant 

improvement was seen in kidney tissues with ZnONPs, and ALT and AST levels significantly 

improved in groups receiving zinc oxide nanoparticles in addition to metribuzin. which 

demonstrates the nephro-hepatoprotective function of zinc oxide nanoparticles on albino rats' 

livers when Metribuzin causes toxicity. 

Since zinc oxide nanoparticles are innocuous in low doses, they stimulate certain enzymes in 

man and plants and suppress diseases (Siddiqi et al.,2018) (Goma et al.,2021) .  
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As for Ag/Ag2O NPs co-admenisted 133.33 ug/kg, our study provided evidence that co-

administration of Ag/Ag2O NPs at 62.5 ug/kg b.w to Metribuzin  intoxicated, significantly 

reduced serum liver enzymes level compared with intoxicated rats. This may indicate that at 

low dose the used agents act as effective hepatoprotective against liver dysfunction caused by 

pesticides toxicity. The intake of Ag/Ag2O at 62.5 ug/kg immediately with Metribuzin  

ingestion presented in this study was beneficial in the prevention of this pestecide induced 

liver and kidney peroxidation as well as increases the total antioxidant power of hepatocytes. 

Our results were supported by the histopathological examination of liver tissues, which 

clarified that, except the liver structure is becoming again like the control group but with few 

infiltrations. 

On the contrary, our results showed that co-treatment with Ag/Ag2O NPs at 125 µg/kg 

combined with 133.33 mg/kg of Metribuzin  resulted in hepatocellular changes in the liver. 

Oxidative stress and hepatotoxicity biomarkers were assessed by measuring MDA, GSH, and 

the activities of liver enzymes (ASAT/ALAT). It was concluded that the Ag/Ag2O NPs group 

at 125 µg/kg may have caused liver alterations, increased infiltration in the central vein. 

Oxidative stress can lead to liver fibrosis by increasing the activation of stellate cells and 

collagen synthesis. Moreover, exposure to hepatotoxins can destruction perivenular 

hepatocytes, which have lower antioxidant defenses (Anjum et al.,2023) , the same effect in 

kidney tissue. 

Inspite of that, the high toxicity of silver nanoparticles does not implicate that they should be 

banned for biomedical applications; however, further toxicological investigations in vivo have 

to be developed for evaluating menaces of occupational or environmental exposure to 

nanomaterials. 

The impact of nanomaterial size on cytotoxicity and cellular uptake was the subject of 

numerous earlier investigations (Shan et al., 2014). Controversial reports on the function of 

AgNP in controlling the inflammatory response have demonstrated that AgNP toxicity affects 

liver cells by inducing inflammation, which in turn causes various forms of cell death (Lee 

and Jun.,2019).  

As for the spleen, there was no significant effect of the pesticide where keeping the structural 

integrity of spleen. However, there was a negative effect on the rats treated with the strong 

dose of Ag/Ag2O NPs. This confirms the toxicity of silver nanoparticles in high 

concentrations. It was established that there is a dose-time-and size-dependent relationship 
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between AgNP and cell toxicity (Ferdous and Nemmar, 2020) . Although Ag NPs are 

extremely toxic to cancer cells, their use is limited since they are also harmful to normal cells 

. In continuation, when the toxicity of Ag NPs (10 μg/mL) was examined in human 

mesenchymal stem cells, DNA injury, impaired functioning, and cell death were detected  

(AshaRani et al.,2009) (Hackenberg et al.,2011) . 

While for ZnO, it is less toxic because it needs to be in a very high concentration in order to 

cause toxicity, as indicated by the results of our study of its toxicity, as also indicated by 

Sharma et al study (2012) , where it was used in a high dose of ZnO NPs (300 mg/kg) caused 

oxidative stress in mice, which resulted in DNA damage, which allowed it to have a wider 

scope in medical uses safely, as one of the elements needed for the body, as we mentioned 

previously. 

Our results lead us to propose the potential application of biologically produced nanoscale 

silver or zinc oxide particles for the treatment of nephro-hepatocellular diseases. Extensive 

research might be conducted to clarify the precise molecular pathways underlying the 

inhibition of cell development, potentially leading to their application as therapeutic or 

chemopreventive drugs in the future. 
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CONCLUSION 

Nanotechnology has become an essential and highly effective technology in the fields of 

pharmaceutical, healthcare, biomedicine and drug delivery. Nanoparticles are being 

developed for drug delivery to improve drug dissolution rates, leading to improved absorption 

and bioavailability. Nanoparticle synthesis using biological agents is more environmentally 

friendly, more cost-effective and a highly focused area of research compared to chemical and 

physical methods. This approach reduces the use of harmful reagents and solvents, improves 

the material and energy efficiency of the chemical process, and promotes the design of non-

toxic products. 

In our study, we used Olea europaea leaf extract for nanoparticle synthesis for tow reasons, 

using a safe, inexpensive and environmentally friendly method to manufacture nanoparticles 

on the one hand, and in an effort to exploit and valuing natural resources and neglected 

materials on the other hand, because olive leaves are considered a sort of waste product, this 

waste product is not profitable; olive leaves are often used as animal feed or simply burned 

with excess branches gathered.  

Our study revealed that olive leaves contain numerous antioxidants that may be to play a 

significant role in the green synthesis of nanoparticles. 

The current study used the aqueous extract of Olea europaea leaves to biosynthesize zinc oxid 

nanoparticles and to synthesize silver/silver oxide nanoparticles, which were then 

characterized. The biological activities of eco-friendly produced nanoparticles were assessed 

in this work both in vitro ,and in vivo against Metribuzin-induced toxicity in Wister rats. 

Based on the results obtained, we can make the following conclusions: 

 

Through a variety of analyses, including HPLC, Olea europaea has been shown to be 

exceptionally rich in bioactive components both qualitatively and quantitatively. This has 

allowed us to discover a new source of bioactive compounds that may be used to treat a wide 

range of illnesses.  

 FT-IR, UV-Vis, EDX, XRD, and SEM investigations demonstrated the effective synthesis of 

zinc oxide and silver/silver oxide nanoparticles. This suggests that the bioactive substances 

found in Olea europaea leaves are responsible for reducing and encapsulating metal into metal 

nanoparticles. 



Conclusion  

113 

 

     In the future, Ag/Ag2O NPs and ZnO NPs may be used as nanoantibiotics to treat bacterial 

infections that harm humans since they demonstrate strong antibacterial activity against a 

variety of microorganisms. 

Mutation is an important factor in inducing carcinogenesis. This study reports that a stronger 

antimutagenic activity of Ag/Ag2O NPs and ZnO NPs at 250ug/plate concentration, wich 

used to reduce the exposure of mutation and its inducing agent.  

It is possible to interpret the strong antimutagenic activity of both nanoparticles in this study, 

which increased in a dose-dependent manner against 1-NP in S. typhimurium TA98 as an 

alteration of the actions of enzymes involved in mutagen detoxification and DNA 

nucleophilic site protection. 

In this study also, there is substantial evidence that Ag/Ag2O NPs and ZnO NPs  can 

enhance the efficacy of conventional anticoagulant agents.  

Thanks to the sub-acute toxicity investigation, the green-synthesized Ag/Ag2O NPs and 

ZnO NPs can be safely and effectively used at low concentrations for therapeutic purposes. 

Our preventive treatment with Ag/Ag2O NPs and ZnO NPs has shown improvements in 

physiological parameters, particularly offering protective effects against pesticide -induced 

toxicity.  

The positive impact of Ag/Ag2O NPs and ZnO NPs on restoring liver enzymes and 

biochemical markers demonstrates their effectiveness against pesticide toxicity, which 

typically causes metabolic imbalances and impairs liver and kidney function. These 

nanoparticles also exhibit strong hepatoprotective and nephroprotective properties.  

Our research indicates that Ag/Ag2O NPs and ZnO NPs reduce oxidative stress induced 

by metribuzin by minimizing radical activity, repairing oxidative damage by reducing lipid 

peroxidation in the liver and kidneys, and enhancing antioxidant defenses. This shows another 

protective mechanism against diseases related to pesticide exposure. 

Furthermore, our treatment demonstrates significant protection at the cellular level, 

stabilizing cells against oxidative stress-induced damage in the liver and kidneys.  

This suggests these nanoparticles could mitigate damage caused by metribuzin and 

similar substances.  
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In conclusion, Ag/Ag2O NPs and ZnO NPs have proven to be highly biologically 

effective across various levels, offering promising potential for their application in the 

medical field to address a range of health problems. 

Perspective 

Considering the importance of these results, they open the door to more thorough research and 

experimental strategies that should allow us to pinpoint the following:  

- O. europaea is a great resource for creating several kinds of nanoparticles.  

- The ability of ZnO NPs and Ag/Ag2O NPs to prevent several chronic diseases, such cancer.  

- Possibility of Ag/Ag2O NPs and ZnO NPs interaction with the reverse transcriptase enzyme 

to produce COVID-19 and HIV inhibitors.  

- The possibility of using these outcomes to launch a start-up following the acquisition of a 

patent  
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Annex 01: Calibration curve for estimation of phytochemicals compounds 

 

 

Figure: Calibration curve of Quercitin for determination of total flavonoids content. 

 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  

Annex 02:  Calibration curve for determination of capacity antioxidant  

 

Figure: Calibration curve of Gallic acid for determination of total antioxidant capacity 

 

 

 

Figure:  Calibration curve of Ascorbic Acid for determination of reducing power capacity 

 

 

 

 



 

 

  

Annex 04: Biochemical parameters analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  

 

 



 

 

  

 

 

 



 

 

  

 

 

 



 

 

  

 

 

 

 



 

 

  

 

 



 

 

  

 

 



 

 

  

 

 

 

 



 

 

  

 

                                                                             ABSTRACT 

The primary aim of this study is to biosynthesize Ag/Ag2O NPs and ZnO NPs using O. europaea var. Chemllali leaves aqueous extract. 

Additionally, the biological effects of these nanoparticles will be assessed both in vitro and in vivo. Qualitative, quantitative analysis and 

HPLC analysis was used for the identification of specific phenolic components of the extract. However, Ag/Ag2O NPs and ZnO NPs have 

been green synthesized and characterized using more then one technique (UV, FTIR, XRD, and SEM-EDX). Furthermore, antioxidant, 

antibacterial, antimutagenic, anticoagulant activities have been used to evaluate the in vitro activities. For in vivo study using Wistar male 

rats, to evaluate the extent of toxicity of these nanoparticles, and to assess protective effect of this nanoparticles against metrubizin toxicity. 

Some biochemical and hematological indicators, also histopathological and oxidative stress parameter of liver, kidney and spleen were 

mesured. Phytochemical analysis revealed the presence of many seconder metabolites in aquous extract, also quantified of the total phenolic, 

flavonoids and condensed tanins content. Another analyze by HPLC,we have identified  eight  phenolic compounds; when quercetin 

(1945.90 µg/g) was the most abundant element. After characterization of biogenic nanopartilces, we confirmed that Ag/Ag2O NPs and ZnO 

NPs were biosynthesized. The average size distribution of Ag/Ag2O NPs is principally 45 nm, and 18.79 nm for ZnO NPs size. For 

antioxidant activities of the O.europaea leaf extract, Ag/Ag2O NPs and ZnO Nps is shown to be dose-dependent, as the scavenging activity, 

TAC and FRAP, the most notable antioxydant activities were observed with 200 µg/mL of Ag/Ag2O Nps. The antibacterial activity in solid 

agar was found also to be dose-dependent of Ag/Ag2O NPs against S.aureus, E.coli, and P. aeruginosa, while the ZnO nanoparticles at 

higher dose was less effective. However, antibacterial kinetic study in liquid medium revealed inhibitory effects of nanoparticles on bacterial 

growth of E. coli and S. typhimurium cells at 200ug/ml, but the growth of B. cereus and MS-S. aureus cells was suppressed in the initial 

hours, with almost all bacterial cells exhibiting retarded growth after this period. This tow nanoparticles biosynthetised showed strong anti-

mutagenicity against S. typhimurium TA98, when the percent inhibition of ZnO NPs was stronger (76.24%) then Ag/Ag2O NPS (70%) at 

250 µg/plat. All nanoparticles (ZnO and Ag/Ag2O NPs) prevented coagulation similarly to the positive control (EDTA). Toxicity study of 

nanoparticles revealed no mortality for ZnO NPs (50 mg/kg and 100 mg/kg b.w) and Ag/Ag2O NPs (2.5 mg/Kg) for single dose during the 

28-days. In contrast, one rat that received a higher dose of 5 mg/kg b.w of Ag/Ag2O NPs died after 24 h, and we showed signs of toxicity in 

this group. Moreover, the findings in metribuzin-treated rats induced for 21 days significant changes in hematological, biochemical 

parameters and imbalance in oxidative stress status and deterioration of the liver, the kidney and the spleen structure compared to the control 

group. However, the treatment with ZnO NPs  (2.5 mg/Kg , 5 mg/Kg) mitigated most of toxic effects and the restored most of previous 

parameters. As for Ag/Ag2O NPs, most of the effects of low concentration (0.062mg/Kg) were generally beneficial. On the other hand, the 

effect of high concentration (0.125mg/Kg) was hopeless and even toxic, as demonstrated by the analyzes and histological images of the 

organs studied. En conclusion, this work realizes the potential for green synthesis of nanoparticles from O. europaea  (ZnO NPs and 

Ag/Ag2O NPs), as these particles have shown to be highly biological efficient and varied among them, While Ag/Ag2O NPs was toxic to a 

certain degree. 

Key words: O.europaea , ZnO NPs, Ag/Ag2O NPs, antibacterial, antimutagenic, toxicity ,protective effect 

 

 الولخص

. ثبلإضبـخ ئنٗ رنك، سٛزى O.europaeaَجبد انضٚزٌٕ أٔساق انًبئٙ ًسزخهص ان  ثبسزخذاو Ag/Ag2O NPs  ٔZnO NPsانٓذؾ الأسبسٙ يٍ ْزِ انذساسخ ْٕ انزخهٛك انحٕٛ٘ نـ 

انحٕٛ٘ زصُٛع ان، رى عذْبٔث نزحذٚذ انًكَٕبد انفُٕٛنٛخ انًحذدح نهًسزخهص. HPLCرمٛٛى انزأصٛشاد انجٕٛنٕجٛخ نٓزِ انجسًٛبد انُبَٕٚخ. رى اسزخذاو انزحهٛم انُٕعٙ ٔانكًٙ ٔرحهٛم 

-UV ،FTIR ،XRDٔ ،SEMثبسزخذاو أكضش يٍ رمُٛخ ) ـحص خصبئصٓبٔرى  ، لذZnO NPsٔ أٔكسٛذ انضَك Ag/Ag2O NPs  نهجضئٛبد انُبَٕٚخ نهفضخ/أٔكسٛذ صُبئٙ انفضخ 

EDX ئجشاء دساسخ عهٗ ٔ لذ رى أٚضب . انذو زخضشن حًضبدكزا انانطفشاد، ٔ حًضبدانانجشاصٛى، ٔ حًضبدانالأكسذح، ٔ حًضبدان ـٙ انًخزجش بَشبطٛزٓ ئخزجبس يذٖ(. علأح عهٗ رنك، رى

رى لٛبط ثعض حٛش يٛزشٔثٛضٍٚ. انًجٛذ ذ سًٛخ انجسى انحٙ ثبسزخذاو ركٕس ـئشاٌ ٔٚسزبس، نزمٛٛى يذٖ سًٛخ ْزِ انجسًٛبد انُبَٕٚخ، ٔرمٛٛى انزأصٛش انٕلبئٙ نٓزِ انجسًٛبد انُبَٕٚخ ض

انكجذ ٔانكهٗ ٔانطحبل. كشؿ انزحهٛم انكًٛٛبئٙ انُجبرٙ عٍ ٔجٕد انعذٚذ يٍ انًسزمهجبد انضبَٕٚخ ـٙ ـحص لأَسجخ ٔ زأكسذ٘انًإششاد انجٕٛكًٛٛبئٛخ ٔانذيٕٚخ ٔكزنك يإششاد الإجٓبد ان

كٛشسٛزٍٛ ان يٍ ثُٛٓب حذدَب صًبَٛخ يشكجبد ـُٕٛنٛخ؛حٛش ، HPLCرحهٛم آخش ثٕاسطخ ٔـَٕٕٚذاد ٔانزبَُٛبد انًكضفخ. انًسزخهص انًبئٙ، كًب رى لٛبط كًٛخ انفُٕٛل انكهٙ ٔانفلا

حجى ظ ثهػ يزٕسٔرى رصُٛعًٓب حٕٛٚبً.  لذ Ag/Ag2O NPs ٔZnO NPsانجسًٛبد انُبَٕٚخ، أكذَب أٌ  انزخهٛك الأخضش يٛكشٔؼشاو / ؼشاو( ْٕ انعُصش الأكضش ٔـشح. ثعذ 19.5.90)

رجٍٛ  O.europaea ،Ag/Ag2O NPs ٔZnO Npsًسزخهص أٔساق ن. ثبنُسجخ نلأَشطخ انًضبدح نلأكسذح ZnO NPsَبَٕيزش نحجى  17.89َبَٕيزش، ٔ Ag/Ag2O NPs .5رٕصٚع 

ٔجذ أٌ انُشبط انًضبد  ٔكئهك.Ag/ Ag2O NPs  يٍيٛكشٔؼشاو/يم  200 ـٙ رشكٛض الألٕٖ، TAC ٔFRAPانجشعخ، حٛش نٕحع َشبط انكسح، صٚبدح ٚعزًذ عهٗ  يذٖ انُشبطٛخ أٌ

، ثًُٛب كبَذ جضٚئبد أكسٛذ انضَك انُبَٕٚخ عُذ انجشعخ S.aureus ٔE.coli ٔP. aeruginosaضذ  Ag/Ag2O NPs نــ جشعخان صٚبدح نهجكزٛشٚب ـٙ الأجبس انصهت ٚعزًذ أٚضًب عهٗ

 .E. coli ٔ S، كشفذ انذساسخ انحشكٛخ انًضبدح نهجكزٛشٚب ـٙ انٕسظ انسبئم عٍ رأصٛشاد يضجطخ نهجسًٛبد انُبَٕٚخ عهٗ انًُٕ انجكزٛش٘ نخلاٚب سؼى رنكالأعهٗ ألم ـعبنٛخ. ٔ

typhimurium  يٛكشٔؼشاو/يم، ٔنكٍ ًَٕ  200عُذB. cereus ٔ MS-S. aureus ا ـٙ انسبعبد الأٔنٗ، حٛش أظٓشد جًٛ انجكزشٚخ. رى لًع انخلاٚب ًٕ ع انخلاٚب انجكزٛشٚخ رمشٚجبً ًَ

ألٕٖ  ZnO NPsكبَذ َسجخ رضجٛظ  حٛش، S. typhimurium TA98أظٓشد ْزِ انجسًٛبد انُبَٕٚخ انًصُعخ حٕٛٚبً يمبٔيخ لٕٚخ نهطفشاد ضذ كًب ا ثعذ ْزِ انفزشح. أخشيز

 ثبنًمبسَخ يع انشبْذ( يُعذ انزخضش ثشكم يشبثّ ZnO NPsٔ Ag/Ag2O NPs ٚخ )يٛكشٔجشاو/ثلاد. جًٛع انجسًٛبد انُبَٕ 250عُذ  Ag/Ag2O NPS (70% ) %( صى.82.2)

(EDTA .) ،ٙأظٓشد دساسخ انسًٛخ نهجسًٛبد انُبَٕٚخ عذو ٔجٕد ٔـٛبد لأكسٛذ انضَك أيب ـٙ يب ٚخص انزجبسة داخم انجسى انحNPs (50 ٔ يجى/كجى يٍ ٔصٌ  100يجى/كجى

 .2ثعذ  Ag/Ag2O NPsيهؽى/كؽى يٍ  5ٕٚيًب. ٔعهٗ انُمٛض يٍ رنك، يبد ـأس ٔاحذ رهمٗ جشعخ  لذسْب  27شعخ انٕاحذح خلال يجى/كجى( نهج 2.5) Ag/Ag2O NPs انجسى( ٔ

ٕٚيًب ئنٗ حذٔس رؽٛٛشاد  21ـٙ ْزِ انًجًٕعخ. علأح عهٗ رنك، أدد انُزبئج انزٙ رى ئجشاؤْب عهٗ انفئشاٌ انًعبنجخ ثبنًٛزشٚجٕصٍٚ نًذح  ٔاضحخ جذا علايبد انسًٛخ كًب ظٓشدسبعخ، 

ٌ انًعبيهخ ثأكسٛذ انضَك ـٙ حٍٛ أح. شبْذخ انكجٛشح ـٙ يإششاد انذو ٔانكًٛٛبء انحٕٛٚخ ٔعذو انزٕاصٌ ـٙ حبنخ الإجٓبد انزأكسذ٘ ٔرذْٕس ثُٛخ انكجذ ٔانكهٗ ٔانطحبل يمبسَخ ثبنًجًٕع

، ـاٌ يعظى رأصٛشاد انزشكٛض Ag/Ag2O NPs. أيب ثبنُسجخ نـ ئنٗ انحبنخ انطجٛعٛخ انسبثمخ زؽٛشاديهجى/كجى( خففذ يعظى انزأصٛشاد انسبيخ ٔأعبدد يعظى ان 5 ٔ يهجى/كجى 2.5)

ثم ٔسبيبً، كًب ٚزضح يٍ انزحبنٛم ٔانصٕس انُسٛجٛخ نلأعضبء  رٔ أصش سهجٙيهجى/كجى( كبٌ  0.125نزشكٛض انعبنٙ )رأصٛش ا ثًُٛبيهجى/كجى( كبَذ يفٛذح ثشكم عبو.  0.022انًُخفض )

ُٛٓب، ـٙ حٛش أظٓشد ْزِ انجسًٛبد كفبءح ثٕٛنٕجٛخ عبنٛخ ٔيزُٕعخ ـًٛب ث O. europaea يٍئيكبَٛخ انزٕنٛؿ الأخضش نهجسًٛبد انُبَٕٚخ  ئنٗ ْزا انعًم ْذؾانًذسٔسخ. ـٙ انخزبو، 

 .كبٌ أكضش سًٛخ ئنٗ حذ يب  Ag/Ag2O NPsحٍٛ أٌ 
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