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ABSTRACT

Investigating potent anticangeantibacterial, and antioxidant corghell nanostructures (CSNSs)

using the green method is highly preferred as it is an environmentally friendly approach. In this

work, CaO,@Zn0O (CZ), CgD4,@NIO (CN), and CgD,@CuO (CC) CSNs, as well as {0n,

ZnO, NiO, and CuO metal oxide nanoparticles (MONPs) were synthesized employing D.
stramonium leaf extract. The XRD confirmed the formation of the cuhki©,Cbexagonal

wurtzite ZnO, faceentered cubic NiO, and monoclinic CuO MBs, as well ascubic

hexagonal CZcubicfacecentered cubic CNand cubicmonoclinic CC CSNs. The average

crystallite size of Cg,4(11), ZnO(11), NiO(11), and CuO(11) MONPs was found to be 11, 17,

12, and 13 nm, whereas CZ(11), CN(11), and CC(11) CSNs were 22, 13, and 15 nm,
respectivelyThe diffraction peaks dhe core and shell were slightly shifted, which suggests the
formation of coreshell nanostructuresThe spherical CZprismatic CN, and cylindrical CC

CSNs with particle sizes of 21.1, 16.99, and 11.07 nm were revealed from THpdisana
respectively.Additionally, the HRTEM image reveals aebscontrast shell enclosing a dark

core, and lattice fringes are found in both regiohe polycrystalline nature &@Z, CN, and CC

CSNs was also revealed fréAED analysis. The in vitro opoxicity of CZ, CN, and CC CSNs

and the Epirubicin drug against MGF cancer cell s at 800 ¢eg/ mL
81.38, 97.72, and 96.15%, whereas against PBMC they were 66.44, 51.94, 62.43, and 65.18%,
respectively. The CC CSNs showed strongeicamter activity even than the Epirubicin drug

with less cytotoxicityThe IG, of CZ, CN, and CC CSNgasrevealed to be about 18.3, 21.25,

and 17.86, respectivelyThe in vitro antibacterial activity of G@4(11), ZnO(11), NiO(11)and

CuO(11) NPs againsS. aureus showed devaluesof 22.22, 18.36,285a nd 17 . 21 &€ g/ mL
against E. col i were 33. 3, 21aw, IC500B6CUO(BLpMPs 2 6 € ¢
indicates the high inhibition activity of CuO NPs in contrast to the other. CZ, CN, and CC CSNs
showed 1 C50s of 11.6,t 28. 46ur eamg, 1lButegl ML5%3,9¢
against E. coli, respectively. The percentage scavenging activity ;@i ConO, NiO, and CuO

NPs and C2Z, CN, and CC CSNs agai6d38, 75338PH r ac
57.0769, 74.87286.87,65.98, and76.32%, respectivelyAs a result, CSNs exhibit stronger
antibacterial and antioxidant activity than corresponding individual MONPs duédasic

features and synergistic effects within the esinell structure.

Keywords: Antibacteria] Anticancer Antioxidant Coreshell, Datura stramonium
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1. INTRODUCTION
1.1. Background of the Study

Nowadays, cancer, bacterial infection, and oxidative stnesbeing reportetb be amongnajor

health challengeworldwide. Cancer isnoncommunicable disease causedgdtysicochenaal

and biological carcinogenic interactions witie human bodyells thatcause genetichangeand

result in uncontrolled growth of abnormal cgls. Khanet al, 2015 Mousaet al, 2023) It is

the second most protruding cause of death in the world next to cardiovascular disease. In a
cancerous cellhe abnormal cells invade the healthy parts of the body and afgleapaltering

the biochemical andellular functionsand finally causing deattn 2019, about 18 million new

cases of cancer and 8.8 million with a death rate of 15vé% reporteqHussainet al, 2019
Siegelet al, 2022) Additionally, the World Health Organization (WH®@gport shows that
cancer is expected to rise from 14 million in 2012 to 22 million deaths in the coming 20 years
(Al-Sheddiet al, 2018 Nabil et al, 2020) The most common cancer diseases that cause an
increment in the number of deaths per year are lung cancer, colon ddadeer cancer, breast
cancer, colorectal cancer, kidney cancer, prostate cancer, and pancreatic cancer. Of these cancer
diseases, breasancer is the second leading cause of cancer death among \WRugazhendhi

et al, 2019 Aboeitaet al, 2022)

In 2020, the International Agency for Research on Cant#tO reported about 2.26 million

new cases of breast cancer worldwide which became the most common cancéadiyy éyng

cancer. As mentioned in some reports, the preference used for the prevalence rate of breast
cancer increased from 16.7 to 33.6 per 100,000 women in 2000 and 2009, respectively. As per
the reportof 2018, out of 2.1 million cancer deaths worldej 6.6% of deatharedue to breast
cancer (AbuASerie & Eltarahony, 2021Vinardell & Mitjans, 2015 Mubarik et al, 2023.
Additionally, breast cancer caused 685,000 deaths in women in 2020 worléwiteemore,

the report of WHO indicatethatabout 1.7 million newases of breast canaecordedn 2015
areexpected taloublein 2030(TorresRomanet al,, 2023) Due to thisseveraltherapiesuch

as chemotherapy, radiotherapy, proton beam therapy, hormerepy, targetedrug therapy,

clinical trials immunotherapyetc. have beerusedto medicatethis devasting diseasethat

causes so much sufferiifao et al, 2021 Perumakt al, 2024, Aboeitaet al, 2022 J. Wanget

al., 2017 Wanget al, 2017 Mousaet al, 2023 van Beeket al, 2021 Van den Bosclet al,



2021) However, these treatment methods have signifiealverse effects on normal calith
limited efficacy, toxic and noselective toward cancerous cgldagajyothi, Pandurangaet al,
2017, Zubairet al, 2021)

Therefore,it is imperative to develop potent, high efficacy, netoxic, cost effective, selectiye

and biocompatible drug for bretacancer treatmer{fAmina et al, 202Q Y. Huanget al, 2023)

In the treatment of breast cancdrge most challenging problem is the side efaxttherapies

that caused due to the difficulties in differentiating cancerous and normal cetls igad to
systematic toxicityThe researchers explorew strategies that led to several promising results
with their activity in the diagnosis and treatment of breast car{€&j Preethet al, 2019) The
advanced and effective strategy for breast cancer treatment is nanoparticles (NPs) that have been
developed for cancer treatment for the last three decatdesianoparticlesbased systems, with

high biocompatibility, easy surface functionalization, cancer targeting and drug delivery
capacity, have demonstrated the potential to overcome these side &feotsy these, metal

oxide nanoparticles (MONPd)nd significart biomedicalapplications such as drug delivery,
gene therapy, biomarker mapping, targeted therapy, and molecular imaging in the treatment of
cancer with minimum side effec{édrsalanet al, 202Q Vinardell & Mitjans, 2015 Shalabyet

al., 2022) The anticancer activity of MONPs such as;@p(S. A. Khanet al, 202)), FeOs;
(Ramalinganet al, 2020 Shanmugasundaraet al, 2018 TiO, (Maheswariet al, 2020) ZnO
(Al-Enaziet al, 2023) CuO (Elsayedet al, 2021) Cu/CuO (AbuASerie & Eltarahony, 2021)

NiO (Kganyagoeet al, 2018) and TiGQ/ZnO (Chakraet al, 2017)have beenvidely examined.

The other serious public health challenge that emerged over recent years around the world is
bacterial infectious diseases. Bacterial infectious diseases are caused by various harmful bacteria
strains mainly food pathogens, suchEssherichia coli Staphylococcus aureuPseudomonas
aeruginosa Shigella flexneri Enterococcus faecalisSalmonella types and Clostridium
perfringens(Sirelkhatimet al, 2015 Hussainet al, 2019) A variety of antibiotic drugs are

being used to treathé¢ infectious diseases cads by these strainsAntibiotics such
sulphonamide¢Kim et al, 2019) -labtams(Rabieiet al, 2020) aminoglycosideg¢Huth et al.,

2011) tetracyclinegJabeeret al, 2011) lincosamidegAhmadiet al, 2021)and streptogramins
(Johnstonet al, 2005)are commonly usedfor bacterial infection treatment. However, some

bacteria havedeveloped resistance these drugs.Antibiotic resistance occurs when the



medication loses its efficiency in killing bacteria and the bactesep growing and cause
infection. According to the data from WHQ@Josely about 80% of bacterial drugsistivity is
developed because of overuse, improper use, availability of new antibiotic$essmdergence

of new bacterial gene mutatioflRajeshkumaet al, 2019 Dubaleet al, 2023) The morbidity
and mortality due to infection caused by multghnesistant bacteria increasom time to time
The report showed that the mortality due to infection caused by multidsigfant bacteria in
2019 was found to be approximately 5.0 million pedplavi et al, 2022 Barzanet al, 2022)
Similarly, some studies also showed that dmegjstant bacterial infection caused about 3.0
million and 10 million deaths in developing countries and sompidal countries annually,
respectivelyRezket al, 2022)

Among multidrugresistant bacteria, the Gramegative bacteriad. coliandP. aeruginosaand
grampostive (S. aureusand S pyogeneshave thepotential and still cause infecti@venin the
presence of antibacteridiugs (Slavin et al, 2017) Due to this,searching for gotentialand
effectiveantibacteial agent becomes a sericassignment to work ofor researcherall over the
world. Inrecent stuets the antibacterial activities of differenetal basechanopartiats (NPs)
have been investigatedmong several nanoparticlesetal oxide nanoparticceMONPS and
their compositeshave becomethe most promising agentin addressing theantibacterial
resistancéLizundiaet al, 202Q Dingaet al., 2022)

The MONPshave the ability to inhibit the growth of a wide range of Giaositive and Gram
negative bacteria than other organic NPs due to their durability, high stability, and low
mammalian cell tricity. Some ofthe MONPs that are capable of combatting bacter@ude
ZnO (Ogunyemiet al, 2019) Ag.O (Manikandanet al, 2017) CuO, CyO (Nagarajet al,
2019) NiO (Hafeezet al, 2021) Ti,O (Aravind et al, 2021) WO; (Habtemariam, 2021 )Al,05
(Ansari et d., 2015) and C@O, (Hafeezet al, 2020) which were examined in the last few
decades for both gramegative and Graspositive bacterigDe Souzeet al, 2019 Arsalanet

al., 202Q Hariharanret al, 2017) Mixed metal oxide maostructures such &uzZnFe(Alzahrani

et al, 2018) ZnO/SiG (Grigorieetal., 2017) ZrO,/ZnO (Uribe Lépezet al, 2019) Fe,0s/Zn0O
(Nabil et al, 2020)and ZnO-NiO-CuO (Algarni et al, 2022)werealso investigated tpossess
the potential toreduce cytotoxic effect of monoxide nanoparticles and the ability to inhibit
bacterial growti{Asamoalet al., 2020)



In addition to cancer and bacterial infection diseagesglobal population is confronted with
oxidative stresssanother health challenge caused by excessive production of reactive oxygen
species (ROS) in cells. In normal cellular metabolism, ROS such as superoxide ragigal (O
hydroxyl radical OH), single oxygen tO,), and hydrogen peroxide ¢(B,) are formed as a
byproduct that haa significant role in cell signaling and homeost&Sisvin & Bach, 2022S.

Yang & Lian, 2020) During times of environmental stress such as high temperatureigtito
salinity, chemetoxicity, radiation and microbial attackeactive oxygen species aggcessively
produced. In normal cellular metabolisthe generated ROS are scavenged by natural
antioxidans such as superoxide dismutase, catalase, and peroxmedmx prevent oxidative
damage(Tavassolifaret al., 2020) Sundramet al, 2022 Alarifi et al, 2014) However, the
excessive generation of ROS indsoxidative stress which is the imbalance between RGOS
antioxidants and causes chronic diseases such: as diabetes, cancer, cardiovascular and
neurodegenerative diseag&nezhkineet al, 202Q Pizzinoet al, 2017) To address this health
problem researcherbhave taken the initiativeo develop various potent antioxidand prevent
oxidative damageExogenous delivery of antioxidants holds promise to alleviate oxidative stress
to regain the redox balance. There exist reports of the development of natural and synthetic
antioxidants. Metal based nanoparticles are among the commonlgdstaistioxidant agents.
Among these MONPs such as Zn@\agajyothiet al, 2015 Mahendraet al, 2020) CuO
(Bukhariet al, 2021) Co;04 (Haq, Abbasiet al, 2021) FeOs (Ustiinet al, 2022)and NiO
(Barzinjy et al, 2020)are proven to beeffective in scavenging reactive oxygen speciegen

though a lot of research has been carried out and promising results are being achieved, the
problem of treatingcancer, bacterial infections, and oxidative stress is not fully solved yet
Hence researchers keefrying to find the mostefficient and potentdrugs to solve the
aforementioned human health issu@s the concept of synthesis and characterizatioNPs
increases, the researcheengdinteresting knowledge in designing a new hybrid nanostructure

called coreshell nanoparticles

In recent developments, literature regoindicate thatrni contrast to monometallic oxide and
metal oxide nanostructures, metxide coreshell nanostructures are preferred for biomedical
applicatiors due to their low toxicity, high solubility, thermal and chemical stability, less defect,
biocompatibility and high permeability to specific target cef&anesanet al, 202Q

Ramalingam et al, 2020) Metal oxide coreshell nanoparticles (MOCSNs) such as:
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Cos0,@NIO (Q. Yanget al, 2014) ZnO/CaO4/NIO (Zhuet al, 2021) F&O,@Ca04 (Algarni

et al, 2022)(Shivappeet al, 2018) NIO@CaOs@graphengYin et al, 2019) Th(OH);:@SIOG,

(Ta et al, 2022) Co0,@ZnO (AlTurki, 2018), CuO@ZnO (Tamanis et al, 2015)
Coz:0,@CuO(X. Li et al, 2017) Co:0.@MnG; (Tahir et al, 2017) Co;:0.@SiCG, (Ding et al,
2021) and TiIQ@Cax04 (Goutamet al., 2020)have beesynthesized by using different methods
and for several applications. These MOCSNSs are synthesized by chemical methods such as sol
gel, hydrothermal, sorooprecipitation, solvothermal, emulsion polymerization, microemulsion
polymeriation, ultrasonic microwave, electrochemical, electroless depgstioha few are by
green methods(Shamhariet al, 2018 KolodziejczakRadzimska & Jesionowski, 2014
Nasrollahzadekt al, 202Q Veisi et al, 2019) The ciemical methoaf synthesis is often costly,
and potentially harmful to the environment and living organisms. Thusgarch forsafe,eco
friendly, costeffective, rapid, edly available, high stabilityand biocompatible synthesis,
researchersvere motivated to develop green synthesis meth@8s U. Khanet al, 2018
Vasantharajet al, 2019) Among chemically synthesized cesbell nanostructure (CSNSs)
Co30,@Zn0 (Zhanget al, 2019) NiO/ZnO (Jumaet al, 2017) and CuO/ZnO(Zheo et al,
201Q Xu et al, 2019)caught the attention of searcher due to their parent essentiality, less
toxicity, high dispersibility, biocompatibility, good conjugation with bioactive molecules and
high thermal and chemical stability. However, cehell nanoparticles GO,@ZnO,
Co30,@NIO, and CeO,@CuO hae ot beensynthesized byhe green approachand their

anticancer, antibacterjand antioxidant activities are not reported yet.

Green synthesis methods encompass the use of microorganisms and plants part for the
miniaturization of metal ions into theianoscale size €100nm). Nowadays, the method gained
comprehensive attentiorirom researchers because of its safety, efficgensimpicity,
economical, ecdriendly, reliable, noftoxic and sustainable for synthesizing various NPs
(Murali et al, 2021 Carpaet al, 2017 Lagashettyet al, 202Q. The properties of synthesized
CSNs are characterized by using UVis-diffuse reflectancespectroscopy (DRS), -Xay
diffraction (XRD), Fourier transform infrared spectroscopy +R), scanning electron
microscopyenergy dispersive Xay spectroscopy (SEMDX), transmission electron
microscopyhigh resolution transmission electron microscopgNFHRTEM), selected electron

area diffraction (SAED), Xay diffraction (XRD),andthermogravimetric analysudifferential

thermal analysis (TGA/DTA)In this work, the noveDatura stramoniumeaf extractmediated
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C030,@Zn0(CZ), Ca04@NiO (CN), and CgO,@CuO(CC) CSNsweresynthesizedFinally,
the anticancer antibacterial, and antioxidant activities of biologically synthesized CSNs were
investigated.

1.2. Statement of the Problem

Cancer diseasdjacterial infection,and oxidative stress amone of the mos serious health
challenges that & drawn the public and researcteattention worldwide as human health
threatthat prolongs economic and health cris€ancer is the leading cause of deatridwide;
specifically, breast cancer is a major ongoing paliiealth issue among women. Conventional
therapessuch as surgery, radiotherapy, chemotherapgt hormone therapy are commonly used
for cancer treatmenfTagdeet al, 2022 Sharifi et al, 2020) However these treatments are
unable to stophe propagation of cancer csland show adverse side effects on heattbs
(Kouhbananket al, 2021) Due to this, seahing for effectivetreatment methods and developing

safe and less toxic anticancer dsageimperative issues worldwide.

Bacterial infectious diseases ar@usedoy a harmful bacteriastraininside or outside the body

and can be treated by differeantibacterialdrugs which showrapid increment aa consegence

of the spread of antibacteredsistant infection disease. However, due to the chemngacterial
species andheir genetic makeupthe activity of antibacteriadlrugs against bacteria is resesl
(Kamurai et al, 202Q Happy et al, 2019) Even though the advances in synthesizing new
antibacteial drugs used in the formal pharmaceutical industry are still derived, the organisms
continue to grow and cause infectidmerefore, finding potent antibacterial dsltas becme a

critical issueall over the world Additionally, excess reactive oxygespeciegproduced in normal
metabolic procesess exert oxidative damaging effects by reacting with nearly every molecule
found in living cells and can initiate different degenerative diseases. The oxidative reaction of
ROS is controlled by enzymes such agesoxide dismutase, catalasand antioxidant
compoundg(Xu et al, 2019) However, the excess miaction of ROS in the body ressilin
oxidative stress which in turn consequendesdiseases like neurological disorders, cancer,
emphysema, cirrhosis, atherosclerosasmd arthritis (Al-Snafi, 2017 Alavi et al, 2022)
Antioxidant drugs in clinical use are not strong enough to reduce excessive production of ROS in

cellular metabolic prceses and have numerous side effect



Due to theséhealthproblems, with the development of nanotechnology, various types of NPs
have been synthesized. Tlamtibacterialand antioxidant activities of several metal oxide
nanoparticles have been studietlely. However, the antibacterial and antioxidant activities of
Co304, ZnO, NIO, and CuO NPs synthesized utilizing stramoniumleaf extract have not yet

been reportedFurthermore, to address a wide range of challenges in medical fields and the
limitations of individual components, researchers designed different mixtures of metal oxide
nanoparticles. Amongst, in exploring various options to address these problems, metal oxide
coreshell nanoparticles, have emerged as promising candidates due to thetioxioiy,
biocompatibility, selectivity, high dispesibility, permeability,and thermal stabilityMoreover,

the synergetic effect that might arise from the combination of the core and shell metal oxides
derives interest in designing cesbell type nanosiictures. However, the anticancer,
antibacterigl and antioxidant activities dd.stramoniummediatedCo;0,@2Zn0O, CaOs@NiO,

and CaO,@CuOCSNswerenot yet reported Therefore, this study investigatdte anticancer,
antibacterial, and antioxidant actie ofDatura stramoniumeaf extractimediatedCZ, CN, and
CCCSNs

1.3. Objectives

1.3.1. General Objective
To synthesizeCo;0,@Zn0O, CaO,@NIO, and CeO,@CuO CSNsusing Datura Stramonium

leafextract and investigate their anticancer, antibactenal antioxidanactivities.

1.3.2. Specific bjectives
To prepare thequeousextractof the Datura Stramoniunplant leafand screeiits phytochemical
composition.
To synthesize G4, ZnO, NiO, and CuO metal oxide nanoparticles angdx@ZnO,
Cozs0,@NIO, and Ce0O,@CuOCSNs
To characterize the synthesized nanomaterials UBBWDTA, FTIR, XRD, UV-Vis, SEM-
EDX, TEM, HR-TEM, and SAED techniques.
To examine thén vitro anticancer activities of the synthesiZd@® CSNs against breast cancer.
To study the antibacterial activity eynthesizedMONPsandMOCSNsagainstgranmpositive
(Staphylococcuaureusand Sreptococcus pyogeneand grannegative Escherichia coliand
Pseudomonas aerugingsa
To study the antioxidant activities of the synthesiEEINPsandMOCSNs
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1.4. Significance d the Study

The bestachievement of this study waspected to comap with improved nanostructure and
ensure the potent anticancer, antibacterial, and antioxidant activitie€ogd,@Zn0O,
Co30,@NIO, and CeO,@CuOCSNs The work was also expected poovide insight intothe
biological synthesisf CSNsandalternative approaches tioe researchert synthesize the core
shell nanostructures by utilizing phytochemical constituents of different parts of plants,
microorganisms, and bibased compoundg~urthemore, the result of the study provides
significant baseline data for researchers and pharmaakimdiustries on the use MFOCSNsas
biological agentsDue to th& high cytotoxicity to cancer cells, low toxicity to healthy celiggh
inhibition efficiency in antibacterial, and strong scavenging activitids biogenically
synthesized CSNs were supposed to contributde development of new drugehe scientific
community will alsobenefitfrom the publications of the findings.

1.5. Scope of the Study

In this research workhe D.stramoniummediatedCoz04, ZnO, NiO, and CuO NPs ai@lZ, CN,
and CCMOCSNSswere carried outusing leaf extract The D.stramoniummediatedmetal oxide
nanoparticles and their CSNs warlearacterized using advanced instruments sgcb\&Vis,
FTIR, TGA/DTA, XRD, SEMEDX, TEM, HRTEM, and SAED techniques. The antibacterial
and antioxidant activity of MONPs and MOCSNs were evaluated. Additionallyitro,
cytotoxicity of CZ, CN, and CQMOCSNsto breast cancer cells was studied. Theesyistic

effect of coreshell nanostructures was seen in antibacterial and antioxidant activity studies.

However, this work didnot focus on the opti mi

calcination temperature.



2. Literature Review

2.1. Nanoparticles
Nanomaterial technology is the most striking science in the world, which refers to research and
technology development since the last century. It was presented in 1959 by Nobel laureate
Richard P. Feynman at the annual American Chemical Societymgetiand st ated i
Plenty of Room at the Bottomo. Richard P. Fey
single atoms that behave differently from their parent materials and building nanoscale machines
(Guisbierset al, 2012 Turna et al, 2014) Since then, the increment of demand for the
miniaturization of technology has resulted in apsurge in nanotechnology research and
products containing NPs. In the last two decades, nanotechnology has studied the optical,
mechanical, magnetic, and thermal characteristics and the production and application of physical,
chemical, and biological sgams of NP{G. Sharmaet al,, 2019,Amaliyahet al, 2020)

In the century of nanotechnology, NPs become promising particles owing to their noble physical
and chemical properties resulting fromithemall size and large surface area to volume &io

U. Khanet al, 2018) Due to this fact, the NPs are highly reactive, stable in chemical processes,
have good mechanical strength, #ioric, dispersible, and bioavailable. However, thapsh

size, and structure of these NPs are different even for the NPs synthesized from the same
materials. Example: Gold nanoparticles show distinct color owing to a phenomenon known as
localized surface plasmon resonance (LpPRe colors of gold are asalt of the collective
oscillation of the conduction electrons in the gold nanoparticles when they are excited by
incident light. The incident light causes the electrons to oscillate collectively at a specific
frequency, which depends on the size, shape, @mposition of gold nanoparticles. This
frequency corresponds to a particular color in the visible spectrum and causes the LSPR
frequency shifts, resulting in a different color being observed the smaller gold nanoparticles tend
to appear red, while laeg nanoparticles may appear blue or purple as shown in FigQfe 1
Huang & EtSayed, 2010)
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Figurel: Solutions with golchanoparticles and color altered as the size of gold nanoparticles
increases.

Several NPs are manipulated on an atomic, molecular, and swpecular level and gain much
attention due to their numerous applications in different fieldhile nanoparticlesoffer
enormous promise, their safety and possible environmental effect must be thoroughly reviewed
during research and deployment to guarantee responsibléGasesanet al., 2020) The
versatility of nanoparticles allows for innovations in multiple sectors, enhancing existing
technologies and enabling new solutions to complex challenges. Their unique properties continue

to drive research and developmemgrising even more applications in the future.

In the novel study of NPs, the synthesis method is an imperative issue that enables the
customization of nanomaterials for specific applications. Nanopatrticles are synthesized by two
main approaches, namely ptdown and bottorup as shown in Figure. In top-down
approaches, the nanoscale particle is obtained by the reduction of bulk material by milling,
etching, crushing, grinding, nanolithography, laser ablation, sputtering, and thermal
decomposition. In tojglown approaches, synthesizing uniform shapes and surface perfection is a
big challenge. Wang Yt al, (2021)reported that the synthesis of uniform spherical colloids of
MONPs within the range of 0:1nm remains an impressive challenge, even though alatos

the synthesized NPs are limited to a diameter below 10(Hamet al., 2016 Baig et al., 2021)
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Unlike that, bottorrup approaches, which are atom to atom or molecules kcuies assemble

and synthesis approaches such asggblSugihatonoet al, 2019) hydrothermalSharifi et al,

2020) and biosynthesi¢Andleebet al, 2021) Due to this fact, the bottoop approach is
preferred to synthesize uniform shamend perfect surface structures. In contrast to physical and
chemical bottorup approaches that result in environmental toxicity and are possibly hazardous,
the green method synthesis of nanoparticles is environmentally friendiyeféasive, nontoxic,

and rapid synthesi{@. M. Alarifi, 2022, Shafey, 2020Marslinet al, 2018)

MONPs Synthesis } 1
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Figure2: Different methods used for synthesizing nanopatrticles.

2.2. Metal Oxide Nanoparticles

Metal oxide nanoparticles (MONPs) have shown remarkable potential in various fields of
applications. It signifies a field of nanomaterials chemistry that got great attention a few decades
ago because of its special physicochemical properties and owsnapplications as shown in
Figure 3. MONPs play an important role in the fields of physics, chemistry, biology,
engineering, medicine, industry, and material sciefidsmani let al, 2018) Due to thesmall

size and high density of edge surface sites, MONPs exhibit unique physicochemical properties
that signifi@antly improve their bioavailability, biocompatibility, and minimize drug toxicity.

MONPs are of different types and they have unique physical, chemical, and biological
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characteristics that can be easily altered or manipu(#tedt et al, 2015 Chunget al, 2017
Hussairet al, 2019 Hossairet al,, 2024)

Textile Industry

Biomedicine Rubber industry |

Metal Oxide
Electronic Nanoparticles
industry l

Catalyst

Pharmaceutical and
Cosmetic industry

Figure3: Diverse applications of MONPs in different fields.

In general, the furional properties of MONPs have resulted from parameters such as size,
shape, morphology, crystal structure, and surface chemistry. Due to this, several metal oxide
nanostructures such ass;Bg, ZnO, Ce0O4, CuO, MgO, NIO, TiQ and MnQ MONPs have

been stdied (Shalabyet al, 2022 Jayasimhat al, 2024)

Out of these metal oxide nanoparticles;@Qs, NiO, CuO, and ZnO NPs have gained great
attention due to their novel applications such as anticancer, antibactatimixidant, and
antidiabetic (Arsalan et al, 202Q Yagoub et al, 2022) Investigation of these MONPs is
valuable for developing modern nanomatenaih high performance. The synthesis, properties,
characterization, structural designing, and their potential application were highly focused by

researchers to modify the properties of their respective metal basd@&keseet al, 2022)
2.2.1. Cobalt Oxide Nanoparticles (Ca@O4 NPs)

Nowadays, intense scientific study is focusing on MONPs due to their numerous potential
applications in fields of the space industry, saells, sensrs, catalysis, cosmetictuel cells,
biomedicines, electrochemistry, biotechnglpgnergy devices, agricultyriood technology, and
optical devices, pharmaceuticals, textile industry, and water treatfiéants et al, 2021)
Amongst, metal oxide nanoparticles of transitional metal specifically cobalt attracted humerous
researchers due to their low cost and good elexttivity. Cobalt metal can exist in variable
oxidation states-2, +3, and +4 making it prominent to be used for different applica(Rasisi

et al, 2021 Khalil et al, 2020) Due to its variable oxidation states and high resistance to
corrosion and oxidation, it skvs potential applications. An antiferromagnetietype

semiconductor cobalt oxide nanoparticles {&ONPs) attained focus due to its unique properties
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such as magnetic, electrical, catalytic, asd ina variety of applicationsuch asenergy storage,
field emission, sensingnd magnetic semiconductors properties irrespective of bulk materials
(Safdaret al, 2023 Omranet al, 2020) In addition, cobalt oxide NPs shayoodantioxidant,
anticancer, and antibactermttivitiesand are sythesized by environmentally friendly and ron
toxic green approach. In green synthesicolbalt oxide nanoparticles, plants, bacteria, algae,
and fungi are widely used. In contrast, plants are preferred due to their abundance, safe nature,
and greater stabilization and reduction capa€igvindasamyet al, 2022 Ajaremet al, 202).

Yu et al, 2017,also synthesized GO, NPs by a green method using leaf extradHelianthus
annuuswhich shows good photocatalytic activityhe synthesized cobalt oxide NPs using
Punica granatunpeel extract and characterized by advanced techniqudbaingize was in the
range of 4680 nm.

Intemsity (au)

20 (degree)

Figure4: The SEM image (a), EDX spectra (b), XRD pattern (c), particle size distribution (d),
and AFM image (e) of &0, NPs(Bibi et al, 2017)

The XRD diffraction peaks of G@4 NPs with an average size of 43.78.10 nm were reported
at 2d of 20.05 (111), 31. )(Bibiétal2201d Ngmur8ebal,56 ( 31
2019 Jiaet al, 2016) As shown in Figure 4, the spherical shape, elemental composition, and

surface topography of GO, NPs obtained froSEM images, EDX spectra, and AFM images
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were reportedDewi et al, (2019, reportecEuphorbia heterophylla LUeaves extract mediated
C0304 NPs with ~17 nm size.

2.2.2. Zinc Oxide Nanoparticles (ZnO NPs)

Zinc metd is the most abundant trace element in the mammalian body and is essential to the
structure and function of myriad proteins which are classified as regulatory, structural, and
enzymatic. Due to the lack of its storage site in the body, it should be txldathal diets. For

a few decades ago, numerous MONPs have been widely studied. Of them, zinc oxide
nanoparticles (ZnO NPs) which are inorganic metal oxides have been synthesized due to their
large range of applications such as biomedical, catalytic, ophtlytic, energy, and
environmental treatmeriPerumalet al, 2024 Chikkannaet al, 2019 Samyet al, 2019) ZnO

NPs are also used in sunscreen and cosmetic yields hence it does not be absorbed via epidermis.
Zinc oxide is know by its ntype semiconductor and its nanomaterials acquired remarkable
consideration because of its inspiring properties like a wide direct band gap of 3.37 eV at room
temperature and high excitation binding energy of 60 meV which have made zinc oxide
important both for scientific and industrial applicatidkebede Urg et al, 2023 Sundrarajaret

al., 2015) Its material exhibits semiconducting, piezoelectric, pyrdelectric optical properties.
Among several classes of semiconductors, ZnO is a promising oxide owing to-hazardous

and economical features such as high thermal, chemical immovability, resistivity control, high
guantum field, flexible morphologs, and superior electrical propert{dsallikarjunaswamyet

al., 2020) Moreover, a nanosized ZnO showed potential biological applicatioos as
antibacterial, antifungal agents, bimaging probes, and drug carriers. The most prominent
characteristics of ZnO NPs are éiailability and low toxicity which is why it is potent
antibacterial, antimicrobial, anticancer, and good scavengersativeeanoleculegMahendraet

al., 202Q Jianget al,, 2018 Bayatet al, 2019)

Nowadays, it can be synthesized by using green methods ulifferent parameters and
characterized by different techniques such asWi8/ SEM, TEM, XRD, HRTEM, andEDX.
Sundrarajaret al, 2015 reported that ZnO NPs synthesized usiPmngamia pinnatgplant
extract show good activity againStaphylococcus aureygrampositive) andescherichia coli
(gramnegative) organisms. The hexagonal phase and higly pdmgreen synthesized ZnO NPs

are characterized by XRD aiDX techniques.
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2.2.3. Nickel Oxide Nanoparticles (NiO NPs)

Nickel oxide is an attractive-fype semiconductor with dband gap energy of 3.6 eV aiad
conductionband energy is 1.8 eV. Due to hasicproperties, the researcher reduced the bulky
size of nickel metal and metal oxide to its nanos¢a#bouriet al, 2021) The nanesize nickel

oxide has fascinating features such as being optical, magnetic, electrical, and catalytic with good
thermal stability, specific capacitance, stable endurance for resistive switching, rapid switching
time for resistancdased memory, excellent durability, electrochemical stability, and chemical
properties when compared to their bulk st@ajire & Mohammed, 2020)in addition to this,

NiO NPs have also been widely used in biomedical applications which is due to their unique
surface area, Nf ion releasing and adsorbing ability, and cytotoxic effects. As a result of its
great uses, NiO NPs have been synthesized by different chemical and biological methods. The
chemical methods are complex and use unsafe and toxic chemicaletbastdy and take a long

time to give the desired produ¢Barzinjy et al, 2020) Because of this, the researchers
developed an environmentally benign technique called the green method. The green synthesized
NiO NPs have potential antibacterial, anticancer, antidiabetic, and antifungal ac(iMtesani

et al, 2019)

2.2.4. Copper Oxide Nanopatrticles (CuO NPs)

Copper is an inorganic transition metal and is widely usesidoomaterials manufacturing due

to its low cost and high abundance in nature, stability and has been used in applications such as
sensors, catalysis, biotechnologies, and nontoxi{@iyarmila, Sakthi Pradeept al, 2018)

Copper which is an active metal is used in many redox processes in animal andl{slaht ce
plants, it is used as part of regulatory proteins, a cofactor of phenol oxidases, ascorbate oxidase,
superoxide dismutase (SOD), and participates in electron transport in the respiratory and
photosynthetic chains. In addition to copper metal, copgéle has also been used in different
fields of applications that as energy conversion and storage through environmental science,
electronics, and sensdiifaz et al., 2017)

Recently, CuO NPs have attracted considierattention and explored in electronics, air and

liquid filtration, ceramics, wood preservation, textiles, bioactive coatings, skin products, films,
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lubricant oils, and in inks medical therapeutics, particularly as antimicrobial, antibacterial,
anticance agents and drug delivery syste(As Singhet al, 2017)

The existing results did not provide clear information about the effect of CuO NPs on plant cells.
The action of CuO NPs golant cells has not been studied satisfactorily. However, it is known
that nanopowders are successfully used as microfertilizers and pesticides. CuO NPs have distinct
physicochemical and biological properties due to the large surface area to volume ratio
(Benhammada & Trache2021, Nagajyothi, Muthuramanet al, 2017) CuO NPs can be
fabricated by chemical methods (direct precipitation, -ggdl solvothermal, thermal
decomposition, emulsion precipitation, and hydrothermal) and biologicalod®tihe most
preferred green synthesis attains much more consideration, in which active biomolecules like
aloe barbadensjs Carica papaya Eucalyptus globules Tecoma castanifolia Corymbia
itriodora, Nephelium lappaceum. LLycopersicoresculentumbacteia, and fungi were used for

the synthesis of CuO NPs. CuO NPs synthesis is much less expensive in contrast to gold and
silver nanoparticles which have potent anicrobial activity due to their unusual crystal
(Nagajyothiet al., 2015)

2.3. Core-Shell Nanostructures

Recently, metal oxide NPs in various forms and morphology have been discovered to be efficient
in different applications which are primarily attributedheir size, shape, and crystal structures.
Several MONPs and their composite have been developed for a variety of applications. Among
composite NPs, corghell metal oxide nanostructuflQCSNs)are recently developed and play

a significant role in varioslfields such as catalyst, industrial, and biomediBalSharmeet al,

2013 Rajith Kumaret al, 2020) The CSNs are distinguished by their bipbasner core and

outer shell components. They may have varying core sizes and shapes, as well as shell
thicknesses and surface morphologies. The CSNs have distinct features that result from the
arrangement of various components inside the structuresCEhs are constructed such that
shell components increase the core part's reactivity, oxidative stability, and thermal stability
while reducing flaws throughout the structiiomoevet al, 2015 Pathaket al, 2019)

Due to the unique properties that developed from layer by layer arrangement of core and shell

materi al, geometry, and design, the CSNs attr
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one core and two or eone shell nanomaterials can be termed &hl, core@shell, or
core/shell. The CSNs are designed based on the purpose of the study and their application can be
varied by changing the individual componef(italskaSzostkoet al, 2015 B. Sharmaet al,

2013) Unlike other nanostructures, the CSNs are separated layer by layer as shown ib.Figure
Researchers symesized spherical core/shell nanopatrticles for the first and later different types of
CSNshave been developed based on core shape. Theph@nical shape of core nanoparticles

leads to the formation of different shapes of particles. These structuresyrahesized by
layering the shell over core material which is used as a physical separation from the surrounding
environment and prevents the direct involvement of surface cher(fakgalakane & Moloto,

2017, Costaset al, 202Q Gawandeet al, 2015)

Core
Shell

Core-shell nanostructure

!

Figure 5: Different structures of corshell nanoparticles: (a) spherical core/shell nanoparticles,
(b) nano matryoshka material, (c) Core dotdhell particles or core mulshell nanoparticles,

(d) hexagonal coreshell nanoparticles, (e) multiple small core materials coated by single shell
material and, (f) Rod cofghell nanoparticlel-toni et al, 2023.

The coreshell nanoparticles are the most appropriate and operative ways to have a synergetic
effect of metaimetal, metaimetal oxide, and metal oxigdeetal oxde inorganic NPs
combination for multifunctional applications. In addition to this, shell nanopatrticles layered the

core phase to manage its migration and aggregéiekeleet al, 2022 El-Toni et al,, 2016)
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The decorating of a benign shell nanomaterial on the surface of a core nanoparticle is used to
improve properties such as less toxicity, high dispersibility, biocompatibility;aytgpatibility,

good conjugation with ¢ier bioactive molecules, and high thermal and chemical stability. Due

to the unique structural feature consisting of a distinct core and shell makeshetre
nanoparticles (CSNP) and modified properties, CSNs are used in various applications such as
enegy harvesting, environmental, catalysis, drug delivery, cell therapy;maertobial and

cancer treatmenfCostaset al, 202Q Yilmaz & Yilmaz, 2020) The physical and chemical
properties of corshell hybridstructures have been modified in contrast to single components
and received incredible research interest in recent years exhibiting the modifiable materials
properties(AlTurki, 2018). Recently, several CSNs du as Cu@ZnQChanget al, 2016)
Fes;O,@Ag (Nalluri et al, 2019) ZnO@Pdymer (Xiong et al, 2008) Au@PVP (XU et al,

2016) CuO@NiO(Bayal & Jeevanandam, 2012u@Ag (G. Li & Tang, 2014)(Samalet al,

2013) Co04@NIO (R. X. Chenet al, 2015) ZnO-CuO (Florica et al, 2019) CuG-ZnO
(Costaset al, 2020) ZnO@ZzZnS(Sadollahkhaniet al, 2014) NIO@ZnO (Han et al, 2016)
PbO/zZnO (Pathak et al., 2019) CdSe/ZnO (Rakgalakane & Moloto, 2011)have been

synthesized by several methods.

For example, Sadollahkhaat al, (2014 synthesized ZnO@ZnS coesbell nanoparticles step

by step, in which ZnO NPs egarecipitation firstly and then afterward covered wdhS using a
solutionbased chemical method at low temperai@adollahkhanet al, 2014). The coreshell
nanowire structure of GO,@NIO is synthesized in two steps. ThesOpNPs are synthesized

by the hydrothermal method éirnave a diameter of 70 nm with a length of approximately 10
e m. TdJOenanBwire structure is used as a core for successive depositib® oianoflakes

with a thickness of about 10 nrfXia et al, 2012) Ning-Ning et al, (2016 synthesized
Au@PVP NPs using the hydrothermal method and obtained uniform size with controlled shell
thickness. The synthesized Au@PVP has an optimal-gheliness and shows appropriate
adsorption time with highensitivity toward malachite greefXU et al, 2016) Bayal et al,
(2012 reported themonoclinic phase of CuO NPs and cubic phase of NIONRSu@@NiO
coreshellsynthesizedising a homogeneous precipitationthwal (Bayal & Jeevanandan2012)

Xiong et al, (20149, reported Au@CuwO coreshell nanoparticlesynthesizedby solution
method and determined their sensitivity to carbon monoxide. In this hybrid of nanostructure Au
nanorods (145 nm width and 40 nm length) were used as camed 3660 nm CuO shell
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layer were deposited to form bricks and spherical shape Au@Core@shell nanostructures.
With morphological and orientation control the Au NPs cores have channeled the growth of
CwO shells. The (111) planes of &uand Au weredyered over one another while the (200)
planes of CpO can grow on the2Q0) facets of gold to form the interfaces. The core which is Au
has an exact plane orientation with the,Qushells. The(100, (110, and (111) plane
orientations of cores were pdalto the corresponding planes of the,Owshells(J. S. Cheret

al., 2010) Rakgalakane and Moloto, (2011) reported the CdSe/ZnO-stetk nanoparticles
synthesized by an electrochemical deposition me(Ra#tgalakane and Molot@011).

2.4. Synthesisof Metal Oxide Nanoparticles

Over the last several years, green synthesis of MONPs has captured the interest of researchers
and emerged as theost pursued strategy. The procedures have mostly been developed by
employing various microbial and plant extract portigRsiiz-Garciaet al, 2020) Amongst,

plant extract to synthesize NPs is the most preferred which offers an alternative teemitiab

is not easily available, and needs safe environmental conditions and proper culturing methods.
Due to this, green synthesis of MONPs using plant extract which follows a simple procedure, is
fast in production rate, easily available, and edf&tcive has been developéBouafiaet al,

202Q Nasrollahzadekt al,, 2020 Rahmaret al., 2022)

Plant extractare used to reduce metal salt to their corresponding MONPs. The good reducing
capacity of plant extract is due to several bioactive constituents found in different parts of plants.
The most common bioactive molecules are the polyphenolics which condiavarfoids and
phenolic acids which form the building up of polymeric tanr{iM&njala Wafulaet al., 2023)
Furthermore, phytochemicals such as alkaloids, terpenoids, amino acids, vitamins,
polysaccharides, and protein molecules contribute to the synthesis of MONPs by redeicing th
precursor salts and stabilizing the generated NPs in the complicatedmed@ated process
(Ogunyemiet al, 2019 Widatalla et al, 2022 Jacob & P, 209). In the green synthesis of
nanoparticles, a variety of plant parts are used for reduction purposes and as a capping agent. The
plant parts preferred for synthesis are properly cleansed to remove dust particles and
contaminants before drying in the sbadrinally, the phytochemical was extracted by heating a
mixture of plant powder and a specified solvent at temperatures ranging fr&M 3t0and

utilized forreduction as shown in Figuée
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Plant leaf Plant Powder Plant Extract Precursor salt T\unnp.‘lrllclcs

Figure6: Green synthesis nanopartglesing plant leaf extract.

Phytochemicals with reducing properties include polyphenols, flavonoids, terpenoids, and
alkaloids. They may transfer electrons to metal ions, decreasing them from ionic-t@leeito

states. This decrease is frequently showralzolor shift in the solution, as metal nanopatrticles
usually have unique hues due to surface plasmon resonance. After the metal ions are reduced to
zerovalent atoms, they can aggregate to form nanoparticles. Phytochemicals can also be used as
stabilizing or capping agents, preventing nanoparticles from agiplarticle agglomeration.
Functional groups found in phytochemicals, including hydrox@H), carboxyl {COOH),

amino €NH,), and others, can adsorb onto the surface of nanoparticles, givinttystaitdl
influencing the size and form of the particles. The metal cations of precursor salt will be
saturated to form hydroxyl complexes and grow up to form crystallite with oxygen after
supersaturation as depicted in Figdré<halil et al, 202Q Robertsoret al, 2019 Mittal et al,

2013 Mendeset al,, 2022)
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Incidentally, nanoparticles are incorporated into numerous fields by giving innovative solutions
in the world(Mohd Yusofet al, 2019) There are several types of NPs including metal, metal
oxide, polymers, ceramic, quantum dots, fullerer@sl nanotube nanoparticles. Among these
NPs, MONPs are of special interest due to their multifunction. The research interest in the
MONPs become an imperative issue, because of their distinctive physical and chemical
properties and their noble applicatigheiz et al, 2019)

Dewi et al, (2018) synthesized the ¢ NPs usingeuphorbia heterophylldeaves extract and
obtained a spherical shape and 17 nm s@®particlesrom transmission electron microscopy.

The size of CgO4 NPs obtained by the Debye Scherer equation was 39.99 nm with 1.53 eV band
gap energy(Dewi et al, 2019) Hafeezet al, (2020) reported that the €@ NPs were
synthesized by using leaves extractPopulus ciliataand cobalt nitrate hexahydrate precursor
salt and characterized usingay diffraction (XRD), transmission electron microscopy (TEM),
and scanning electron microscopy (SEfafeezet al, 2020) Ullah et al, (2020) synthesized
Cobaltoxide ranoparticles usinunica granatunpeel extract using cobalt nitrate hexahydrate
precursor salt and characterized them using methods such as XRDESEKIVAFM, FTIR, and
UV-Vis spectroscopy. The particles showed a spherical shape 8@ A siz€Waris et al,

2021)

Selamet al, (2020 synthesized ZnO NPs usirigeverra tortuosgplant extract as a reducing
agent and confirmed by using WYisible (UV-Vis) spectroscopy. The absorption spectrum o
Deverra tortuosaplant extract mediated ZnO NPS showed a characteristic peak at 374 nm
(Dagneet al, 2019) Al-Ameeret d., (2019) synthesized ZnO NPs usiDtga europaedeaves
extract as a bioreductant agent and obtaineB@®@m size with a spherical shaffdrubaie &
Kadhim, 2019 Sharmilaet al, 2018) synthesized CuONPs usingTecoma castanifolideaf
extract and obtained a spherical shape and a size < 100 nm from TEM analysis. The copper
precursor salt is reduced by phytochemicals like polyphenols, hydrocarbons, resins, and volatile
oils of Tecoma castanifoligplant leaf. The formation of CuO NPs through bioreduction of
copper sulphate salt by usiBauhinia tomentoséeaf extract and observed the spherical shape
with size of 2240 nm(Sharmila, Sakthi Pradeegt, al, 2018)

Similarly, Ananda Murthyet al, (2018) reported that the spherical CuO NPs with an average
size of 2030 nm are synthesized by reducing agents such as flavonoids, triterpasteidsls,

cardenolides, and alkaloids G&lotropis gigantedeaves/Ananda Murthyet al, 2018)
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2.5. Synthesisof Core-Shell Nanostructure

CSNsare synthesized by creating nanoparticles with a c@#@enof one substance and a shell

made of another. These structures can be constructed to have unique qualities that are not present
in the individual components. The ceskell design enables the use of various materials to
provide certain functionality, .th as increased stability, controlled release, or improved
biocompatibility (Sanadet al, 2021) The core/shell nanostructures are typically manufactured

by reducing metal salts in one or two steps using appropriate reducing agents. The core/shell
nanoparticles were syntsiged in onestep via simultaneous reduction, which involves reducing

both metal precursors at the same time to form core/shell structures. In this instance, the
development of shell particles on the core is beyond one's cGatrali et al, 2021) In a two

step procedure, the core is formed, and the second material is coated on the core as shell particles
by serial reduction using a suitable agentdach phas@Khatamiet al, 2018)

Recently, CeO, NPs which exhibit numerous oxidatiostatesand ZnO NPs which are
semiconducta@ are becoming interesting in the research afdBurki, (2018) preparedCZ

CSNs by using the sgel method and obtained the spherical shape with 12 nm size of NPs from
TEM analysis(AlTurki, 2018). The peakd ocat ed at (2d) mat ch with
planes in the left side panel of FigBewhereas in the right panel side of the XRD pattern, the
peaks are attributed to € core and ZnO shellD.Y. Han, et al, (2015) reported the
NiIO@ZnO CSNs pneared by using a microemulsion system. The result of the XRD pattern
demonstrated that the particles were exactly indexed to a cubic rock salt structure of NiO and
ZnO as depicted in Figur&@a). The morphological feature of the CSNs obtained by TEM was

also reported as shown in Figu8g) D.Y. Han,et al,, (2015)

Jinglong Bai.et al, (2021)reported that all of the diffraction peaks in NIO@ZnO CSNFs are in
good agreement with the wurtzite ZnO (JCPDS nel861) and cubic NiO (JCPDS no.-04
0835). In thereport, there is no distinct peak index to other phases, except for ZnO or NiO,
which indicates the formation of NIO@ZnO CSNs. as shown in Figime As shown in Figure
8(d), the SEM pictures show that following deposition, NiO NPs are covered by ¥af3 [a20

nm) with wrinkled surfaces AlTurki, (2018) synthesized C®,@ZnO CSNs at low
temperatures by using the gl method. According to the study, the XRD for;0g@ZnO

CSNs revealed that the major peaks correspond to the ZnO hexagonal wurteiteestmhich
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is consistent with JCPDS card-3851, as shown in Figu&e). Furthermore, as seen in Figure
8(f) of the HRTEM picture, the CgD, cores are darker than the ZnO shell.-HERM pictures
reveal a definite interface between the core and thd, shéh the edge of the shell showing
lower intensity than the cof@ITurki, 2018).
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Figure 8. XRD pattern of (a) ZnO@NIO, (c) NiO@ZnO, (e) £m@2Zn0O, and (b) the SEM
image of ZnO@NIO, TEM image of (d) NIO@ZnO and (f)30e@Zn0O CSNs

In addition to this, Cai et al, (2014) synthesized C®,@ZnO coreshell using
hydrothermal/sebel routes. The GO,@Zn0O coreshell particles were characterized by TEM
and 22 and 56 nm were obtained for thg@a@ore andnO shell respectivel{Caiet al, 2014)
Zhanget al, (2019) synthesized ZnO@¢y, coreshdl on Ni foil by using a mild phote
deposition method which has a larger electrochemical active surface area. The Z@Co

coreshell showed bundléke nanostructure from SEM image with diameters of8B0nm. In
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ZnO@Ca04 CSNs the core and shell compotsare identified by using TEM in which the
ZnO core is fully covered by the €0, NPs(El-Tonietal., 2016)

A p-type semiconductor NiO can form a shell nanostructureOg@NIO CSNs are a particular
type of nanostructured particles and their characteristics depend on the volG@B®Hanet

al., (2015) synthesized NiO@ZnO CSNs of core NiO aredl #tnO by using thermal oxidation

in air. The coreshell particles have 35 nm with a thickness size of ZnO shell ~15 nm fer NiO
ZnO. NiIO@ZnO CSNs were successfully prepared in TritekO®/rthextnol/cyclohexane/water
microemulsion systerfHanet al, 2016 Paulet al, 2020) The NiO@ZnO CSNs that consist of
NiO core and ZnO shell with a diameter of 2B@0 nm showed the interfaces of the crystalli

NiO and ZnO crystal lattices. The interplanar distance of 0.26 nm coincides with the lattice
spacing of the (002) plane of Zn@hile the lattice spacing of 0.241 nm corresponds to the
interplanar spacing of the (111) plane of cubic NiO. Moreover, the distinct interface and
continuity of lattice fringes observed between the NiO and ZnO nanostructures indicate the
formation of pn heterojunction between NiO and ZnO@sNs(Hanet al, 2016)
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Figure9: The TEM image (a), SAED image (b), and XRD pattern (c) of @ZmO NPs.
Costaset al, (2020) synthesized CuO@ZnTENs of core CuO and shell ZnO by using thermal

oxidation in air and magnetron sputtering respectiy€lgstaset al, 2020) In the report, the

core nanomaterials have a monoclinic structure and the shell film has a hexagonal wurtzite
structure. In XRD analysis the Cu showed the diffraction maxima and) @m and the CuO
showed peakat 2d: 31.7A, 34.4A, 36.2A and 56. 6A
reflecting planes for ZnO in hexagonal wurtzite phase: (100), (002), (101) and (110) proving the
presence of the ZnO shell as shown in Figure @oxicaet al, 2019)
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The TEM image of a CunO coreshell nanoparticle indicates that the cylindrical shape of the
CuO core is conserved after the coating with the ZnO shell. Moreover, the CuO core has a
diameter of about 50 nm and the emt@uGZnO coreshell nanowire diameter is about 80 nm,

the thickness of the ZnO shell being evaluated at ~15 nm. The component of monoclinic for the
CuO core and hexagonal wurtzite for the ZnO sh¢le SAED implies that Cu@nO coreshell
particles exhilt both components polycrystalline structures, monoclinic for the CuO core and
hexagonal wurtzite for the ZnO ahFigure gb).

Mansournia and Ghaderi (201@)lansournia & Ghaderi, 201 Prepared the CuO@ZnO cere

shell using a simple twetep hydrothermal method. The photocatalytic effect of CuO@ZnO
CSNs was varied with the thickness of the CuO caréigle, and the order of degradation rate is

as follows: CuO < 50% CuO@ZnO < ZnO < 10% CuO@ZnQ@% CuO@ZnO ~ 0.4%
CuO@ZnO CSNsPark et al, (2012) synthesized ZrOuO coreshell nanoparticles in two
steps, that ZnO nanoparticles were prepared by hygisodnd injected in situ to form ZrROuO
coreshell. The neediike CuO shell was shown in the TEM image with meanlength of

49 4 nm and a thickness of 8 n(i@han Parlet al, 2012)

Tablel: Plant extract mediatedozO., ZnO, NiO, and CuO NPs.

Types of plants Salts Particle Morphology Applications References
precursor size in  of MONPs
nm
Populus ciliata Co(NG;)..6H,O 1535 Sqaure like Antibacterial (Hafeezet al,
2020)
Salvia Co(NGy),.6H,O 9.218 Spherical Antibacterial (Kiani et al.,
hispanica 2021)
Rosmarinus CoCh.6H,0 10 Sheet like  Anticancer (Raeisiet al,
ofcinalis 2021)
Punica Co(NGy),.6H,O 4080 Spherical Antibacterial (Bibi et al,
granatum peel 2017)
Apium Co(NGy),.6H, O 21-72 Cubic Antibacterial  (Urabe & Aziz,
graveolens 2019)
Algae Co(NGy),.6H,O 30 Spherical Anticancer (Ajaremet al,
Antibacterial 2021)
Antioxidant
Hibiscus Co(NOg3),.6H,O  20.8 Rodlike Antibacterial (Wariset al,
cannabinus 2021)

Sageretia thea Co(NGy),.6H,0 43 Spherical Anticancer (Khalil et al,
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Antibacterial 2020)

Antioxidant

Citrus limon CoChL.6H,0O 19 Cubic Antibacterial (Anuradha &
fruit Raji, 2021)
Moringa Ni(NO3), 9.69 Spherical Anticancer (Angel
oleifera Antibacteral  Ezhilarasiet al,,

2018)
Calotropis Ni(NO3)2 20-40 Spherical Antimicrobial (Din et al,
gigantean 2018)
Gymnema Ni(NO3)2-6H,0O 32 Cubic Anticancer (Vijaya Kumar
sylvestere Antimicrobial et al, 2019)
Aegle Ni(NO3). 8-10 Cubic Antibacterial (Angel
marmelos Anticancer Ezhilarasiet al,

2018)
Zingiber Ni(NO3)2 16152 Cubic Antibacteral (Haideret al,
officinale 2020)
Allium sativum Ni(NO3); 11159 Spherical Antibacterial (Haideret al,

2020)
Rhamnus Ni(NO3)2 24 Cubic Anticancer (Igbalet al,
virgate Antimicrobial 2019)

Antifungal

Raphanus Ni(NO3)2 1352 Spherical Antioxidant (Haq, Dildar,et
sativus Antibacterial al., 2021)
Abutilon Ni(NO3),-6H,0O 33 Spherical Anticancer (S. A. Khanet
indicum Antioxidant al., 2021)

Antibacterial
Pterospermum Cu(NG;),-3H,0 46 Spherical Antibacterial (Saifet al,

acerifolium 2016)
Syzygium CuSQ.5H,0 17.2  Spherical Antimicrobial  (Yugandharet
alternifolium Anticancer al., 2017)

cordiamyxa CuSQ.5H,0 20-26  Spherical Antibacterial ~ (Ali Thamer &
Tareq Barakat,

2019)
Camellia Cu(NGs),:3H,O 1525 Spherical Antibacterial (Kumaret al,
japonica 2020)
Tea leaves CuSQ.5H,0 26-40 Spherical Antibacterial ~ (Sorbiunetal.,
2018)
Malva CuSQ.5H,0 5-30 Spherical Antibacterial (Nagajyothi,
sylvestr Muthuraman, et
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is leaf
Acalypha
indica
Ormocarpum
cochinchinense
Tecoma
castanifolia
Galeopsidis
herba
Hesperidin

Parthenium
hysterophorus
Aloe vera
extracts
Moringa
Oleifera
Tecoma
castanifolia

Costus pictus

Albizia lebbeck

Deverra
tortuosa
Pongamia
Pinnata
Strawberry
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Rheum Zn(CH,COO),. 30 Spherical Anticancer (Salari &
rhaponticum  2H,O Neamati, 2019)

2.6. Anticancer Activity
2.6.1. Breast cancer

Cancer is a generic name for diseases known by thelagement of abnormal cells that grow

and divide uncontrollably due to multiple changes in genes and can break into and destroy
normal parts of the body tiss@unnoosest al, 2014) Cancer induces various pathological and
metabolic changes in cellular systems and is the second leading cause of death around the globe
next to cardiovascular disease. Distressingaycer kills about 8.8 million people each year,
accounting for one out of six deaths and more than the total number of deaths from HIV/AIDS,
malaria, and tuberculosis. According to the World Health Organization (WHO) report, cancer
caused 7.4 million delas in 2004, 8.2 deaths in 2012, 9.6 million deaths in 2018, and expected
to increase approximately 12 million deaths in 208&ntelhardtet al, 2014 CasaisMolina et

al., 2018)

According to the 2014 World Health Organization report, the number of new cancer cases is
expected to increase from 14 million to 22 million, in tdoening 20 year¢Vinardell & Mitjans,

2015) Among various groups of cancer, lung cancer is the leading cancer that causes 1.5 million
deaths, whereas liveistomach, colorectal, breast, and esophageal cancer causes 745,000,
723,000, 694,000, 521,000, and 400,000 deaths respectively. Breast cancer is the most often
diagnosed among all other cancers that develop in the lining of the milk duct. Breast cancer
beame the most frequent class of fatal cancer in women throughout the world a few decades
back.

Nowadays, cancer is treated by chemotherapy, surgery, radiotherapy, and immundihierapy
Sheddiet al, 2018) Inappropriately, the existing therapeutic methods for these cancers are
unsatisfactory and signify a great challenge as npatignts have cancer recurrence and severe
side effects. For example, Methotrexate (MTX) is a s@sthblished (antineoplastic or cytotoxic)
chemotherapy and immunosuppressant drug used to treat different types of cancer, but its usage
requires high dosesausing severe side effects. Due to this researchers probe novel drugs with
high antitumor efficacy in addition to safdtyabil et al, 202Q Pugahendhiet al, 2019)
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Breast cancer is the most common malignancy and one of the deadliest after lung cancer in
women worldwide. It is metastatic candbat is transferred to different organs such as the bone,
liver, lung, and brain, which mainly accosnfor its incurability. Breast cancer accounfed
approximately 570,000 deaths in 2QFugazhendhet al, 2019 Salari & Neamati, 2019)0ver
1.5 million women (25% of all women with cancer) are diagdowith breast cancer every year
throughout the world. In 2016, 61,000 new cases of in situ breast cancer and 249,000 new
invasive breast cancer cases were estimated in the (0&#g et al, 2017 Santhoshkumar &
Balupillai, 2018) In 2017, it was estimated that 30% of r@éw cancer cases (252,710) among
women cancers are breast cancer in America. In the US, over 266,000 new cases of invasive
breast cancer are expected to be diagnosed in women, along with nearly 64,000 new cases of
norinvasive breast cancen 2018.Nowaduys, such virulence disease is treated by commonly
known methods such as surgery, chemotherapy, and radiotherapy which have adverse side
effects on normal cells. Due to this, various NPs have been discovered and synthesized to be able
to selectively targetumor cells without causing any harm to the healthy d@ligair et al,
2021, Raoet al, 2016 Sunet al, 2017 Azizi et al., 2017 Selvakumaret al, 2015 Polleret al,
2017) Among these, G®,, NiO, ZnO, and CuO NPs and their composition have been studied.
Breast cancer is a complicated illness with several potential causes, and ittfyepseits from
the combination of various elements, such as genetic, hormonal, environmental, and lifestyle
factors.

2.6.2. Anticancer Activity of MONPs

MONPs gain diverse applications due tteeir unique antibacterial, anticancer, antioxidant,
antifungal, andenzyme inhibition properties. Among the MONPs,;GpNPs find immense
applications and attract numerous research interest®,GPs have a potent potential in cancer
treatment, even though their cellular mechanistic interactions are still poorly unde(Sto
Khanet al, 2015)

Huang et al, (2020) determined that €0, NPs can induce lysosomal fuimt damage by
inhibiting lysosomal proteolytic activitgX. Huanget al, 2021)

Raeis et al, (2021) reported the cytotoxicity effect of green synthesizedOLNPs on
astocytoma cells. The activity of NPs depends on their concentration and ¢healGe was
found to be ~55 pg/mL which indicates the green synthesize®/&Ps have an optimal
toxicity on U87 cell{Raeisiet al, 2021)

29



Khan etal., (2015) reported that the synthesizeds;0OpNPs have great anticancer potential
against cancerous cell lines; rather they have no significant toxic effect on normal cells. They
investigated the potential cytotoxic of £ NPs in human colorectal types of carmmus cells

HT29 and SW620 and obtainedsk®alues of 2.26 and 394&5g / mL r e ¢Hafeeezetal,vel y
202Q S. Kharet al, 2015)

The cytotoxic activity oP. guajavaplant extract mediated @0, NPs against breast cancer cell
lines using the MTT test was investigated. Its percentage cytotoxic activity was obser9ed

83, 77, 68, 61, 58, and 52% against MCFEells compared to control cells in which the cell
viability decreases with concentration increg&ovindasamy, Raja, Singh, Govindarasu, &
Sabura, 2022)

ZnO NPs have a unique performance that makes them appropriate for various biomedical
applications which approved by the Food and Drug Administration (FDA, USA) viouc¢heir
biocompatible nature. The Zrof ZnO NPs can generate ROS when it interacts with the cell and
shows higher toxicity against cancer cells. In addition to this, ZnO NPs used as an effective
carrier for the targeted delivery of several anticawitags into tumor cell§Vinardell & Mitjans,

2015 Sushmeet al,, 2016)

Table2: The 1G values for cancer (MGF) and healthy (HFF & HDF) cells

Time of Cancer cell Normal cell
incubation MCF-7 HF-F HD-F
ICso 24 hr 12 ¢egqg/ 30 ¢eg/ 147 ¢€g
48 hr 11 egqg/ 25 ¢eg/ 137 e g/
72 hr 8 €9/ n 12 ¢egqg/ 137/ml

Gowdhamiet al, (2019) reported that th@racilaria edulis plant extract mediated ZnO NPs

showed the anticancer potential on cervical cancer cell lines. The particles showed the
concentration cytotoxicity withanlgv al ue of 35 e€g/ mL i n cervical
show any toxicity towards nor mal healt hy per.
concentration. This particle also caused 100% death in HeLa cells at the highest concentration of

2 0 /mE, whereas around 80% of cells were alive at the same concentration {2 38d€lls.
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Selimet al, (2020) investigate the potent anticancer activitypeterra tortuosaplant extract

mediated ZnO NPs. The activity was vitro probed against human colcadenocarcinoma
AfCa2® and human | ung adenocarcinoma AA5490 coc
lung fibroblast cell line using the MTT assay. The green synthesized ZnO NPs showed
remarkable selective cytotoxicity against these cancer cell(8edBnet al, 2020)

Salariet al, (2019) andSalari & Neamati, (2019¢xamined the anticancer activity Bheum
rhaponticumwaste extract mediated ZnO NPs on MCIbreast cancer cells and the impact on
normal (HFF and HDF) cells. The cytotoxicity of ZnO NPshmth cancerous and normal cells

was measured in terms of concentration and time dependent treatment.
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Figurel0 TEM i mages of Ni O NPs synthesized at 300

cell viability against MCF7 (d), Hep G2 (e), and HT29 (f) cancer cell line@Kouhbananet al,
2021)

The treatment indicated thedévalues of MCF7 cancer cells are differefrom those of normal

(HFF and HDF) cells. The values ofjfindicate that ZnO NPs have lower cytotoxic effects on
healthy (HFF & HDF) cells in contrast to cancerous cells. The anticancer activity of ZnO NPs on
MCF-7 (Breast cancer cell) was reported ®lgobhaa and his coworkers. The cancerous cell

exhibited a 50% reduction at(Shmbhaastal,20l¥)ow conce
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Nickel oxide nanoparticles attract the attention of researchers, because of their unique properties
such @ optical, electronic, and physiochemical properties. Nowadays, NiO NPs are synthesized

by using green methods (plant, algae, bacteria, and fungi) for different applications like sensors,
drug delivery, antimicrobial, anticancer, etc. Among them, anticaaxtévity green synthesized

NiO NPs have been widely studied. Kouhbagrtal, (2021) reported the anticancer activities of

NiO NPs against human liver cancer cell (H&p), breast cancer cell (MCEH, and colon

cancer cell (HT29) lines using the MTT aay. In the report, NiO NPs synthesized at 300, 400,

and 5008 showed higher cytotoxicity effects. Howe
higher cytotoxicity effects than at 400 and 50due to their small size as shown in Figure 10
(Kouhbananet al, 2021)

Ezhilarasi et al, (2016) also reported the anticancer activity Mdringa oleifera extract
mediated NiO NPs against HZ9 cancer cellsThe small size of NiO nanoparticles causes
cytotoxicity in cell lines that showed changes in cell morphology due to the cell swelling and
breaking as a result of apoptosis. Unlike that in the controlled cells, NiO NPs caused DNA
destruction by apoptotic pcesgAngel Ezhilaraset al, 2018)

The current treatment methods for cancer are associatedowitity in healthy tissues, partial
therapeutic response, drug resistance, and finally recurrence of the disease. Cancer drugs are
challenged by nospecific binding, undesired toxicity in healthy cells, low therapeutic index,

and finally poor therapeuwtioutcomeg(Nagarajet al, 2019) To overcome the challenge NNP's

are being engineered to enhance the transport property of therapeutic agents and diagnostic tools
through the complex biological barriers and to aid the interaction with biomolecules. Of them,
CuO NPs play a crucial role in filtering the compatibibtyd bioavailability of natural products

in the treatment of cancer due to their specific interaction with and disruption of the
mitochondrial respiratory chaifGnanavel et al., 2017b)t can also disorder mitochondrial
function by genmting ROS and suppressing ATP synthesis, which leads to DNA damage. The
biocompatibility of CuO NPs was evaluated by in vitro cytotoxicity assay for their potential in
vivo biomedical applications such as targeted drug delivery, cancer cell diagnostics, a
therapeutic§Rehaneet al, 2017 K. Ali et al, 2020)

Akintelu et al, (2020) reported that black bean egtramediated CuO NPs reduce the growth of

cervical carcinoma cells by altering the mitochondrial structure. It has been also reported green

32



synthesized CuO NPs usitcus religiosashowed potential anticancer efficiency against the
growth of A549 adenocarmic human alveolar basal epithelial céBankaret al, 2014) The
cytotoxicity of Pterolobium hexapetalurplant leaf mediated CuO NPs against human breast
cancer cell lines clearly showed enhanced effective(idagarajet al, 2019 Akintelu et al,
2020)
Wu et al, (2018) investigate the -wmitro cytotoxicity of CuO NPs synthesized by usi@gleus
aromaticusleaf extract. The nvitro of the synthesizedvas studied by investigating the cell
viability of A549 cell lines(Wu et al, 2019)

2.6.3. Anticancer Activity of CSNs

CSNs have attracted considerable interest in the field of cancer therapy due to their unique
properties, which can be customized for various anticancer activities. These nanostructures
consist of a core material surrounded by a distinct shell, widohbe designed to encapsulate
drugs, enhance targeting, improve biocompatibility, and provide controlled release of therapeutic
agents. CSNs can be designed to precisely target cancer cells by functionalizing the shell with
atoms that identify and bind toeceptors overexpressed on cancer cells, delivering the
encapsulated medications directly to the tumor location while decreasing systemic toxicity. The

nanostructure's shell can operate as a barrier, controlling medication release.
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Figurel1: The IGovalues of Ag@Pd corshell NPs (a) Almond and (b) blackberry fruit extract
mediated against HEPG2 and MCFancer cells compared to the normal (kedelFattahet
al., 2017)

This is especially important for chemotherapeutic mediirsince it enables the drug's

continuous release over time, ensuring effective concentrations at the tumor location while
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avoiding adverse effects. The size and surface featurgSSdfs can be adjusted to take
advantage of the enhanced permeability amenten effect, which occurs when tumors have
leaky vasculature, allowing nanoparticles to aggregate preferentially in tumor (Assonradi
Bakhtiariet al, 2022)

Several studies on the anticancer activity of CSNs synthesized using different methods have been
reportedThe anticancer potential activity of biogenic synthesized Ag@Pd -stwie
nanoparticles utilizing blackberry fruit and almorfi{nusamygdalyswvas reported by Wafat

al., 2017,AbdelFattahet al, 2017). The image size analyzer showed 8 + 0.26 and 6 = 0.23 nm

for almond (Prunusamygdalus) and black berry fruit extract mediated Ag@Peshmilre

nanoparticles respectively.

The anticancer activity of Ag@Pd cesbell NPs against human breast cancer (MCRnd
hepatocellular carcinoma (HEPGZ2) cell lines at different concentrations was investigated by
using an MTT assay as depicted in Figli®e The almond extract mediated Ag@Pd eshell

NPs showed slightly more effectiveness than blackberry fruit e@xttae to its morphology
resulting from the function group belonging to the plants.

Elbaz et al, (2016) examined the cytotoxicity of AQ@PVP catell nanoparticles against
MCF-7 cancer cells and 1BR hTERT normal cells by using MTT assay. The repodtesiihat
Ag@PVP coreshell nanoparticles showed higher cytotoxicity against MCéancer cells in
contrast to normal 1BR hTERT cells. The AQ@PVP ¢girell nanoparticles pass through the
cell membrane via endocytosis and localize into the lysosomes.doidic environment, Agof

nanoparticle is released ultimately inducing the generation of ROS.
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(a) Ag NPs 48 hrs exposure (b) \g/PEG NPs 48 hrs exposure
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Figurel2 The percentage of viable MEFcells and 1BR hTERT cells treated for 48 h with (a)
Ag NPs, (b) Ag/PEG NPs, (c) Ag/PVA 8Pand (d) Ag/PVP NP&lbazet al, 2016)

The mitochondria are disrupted by induced ROS and silver ions that result in DNA damage and
cell death. The report implies that Ag@PVP cehell nanopatrticles are highly cytotoxic MGF
cancer cells and PEGoated Ag NPs which are more cytotoxic to normal cells as shown in
Figurel2 (Elbazet al, 2016)
Kovacset al showed the extraordinary in vivo metastasippressing power of Au@Ag CSNs
in metastasigpromoting cells in the reactive strorfi@ovacset al, 2020)
The cytotoxic effect oGarcinia mangostanpaeel extract mediated Au NPs and Au@Ag against
colonderived HCTF116 (cancer) and CCD12 (normal) cells was also repatté.ee et al,
2022)

2.7. Antibacterial Activity

Human beings have been living unfriendly with several microorganisms which is a potential
cause of different infectious diseases. During th& @mtury, the investigation of antibacteri

for the treatment of bacteria caused infection was the most prominent. According to WHO,
bacteria can be attacked by antibacterial drugs. The first medicine discovered for the treatment of
infectious disease specifically syphilis was Salvarsan whiobnsoxic to the patients. However,

it was not used until the discovery of Penicillin, in 1928 by Alexander Fleiiteterson &
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Kaur, 2018 Reta et al, 2019) Several antibacterial were produced between 1930 and
2000However due to they are capable of horizontal gene transfer between different species,
enzymatic degradation of antibacterial drugs, alteration aftdsial proteins that are
antimicrobial targets and changes in membrane permeability to antibiotics the evolution of new
resistant discovery of new molecules with antibacterial activity has become even more
challenging to the pharmaceutical indug®anchea 6pezet al, 202Q Tanwaret al, 2014)

A recent study indicates even though the struggle to defeat bacterial pathogens continues,
bacteria are still resisting several antibiotics as shown in Fit@ir€urrently, the profile studies

of antimicrobials have proved that bacteria that cause infections become resistant to different
groups of antibiotics. The WHO reported that the ratesisting drugs becomes high in bacteria
such a<. coliagainst antibiotics as cephalosporin and fluoroquinolddepneumonia@against
cephalosporinand carbapenems Staphylococcusaureus against methicillin,S pneumoniae
against penicillin, N Salmonella against fluoroquinolones,Shigella species against
fluoroquinolones, Neisseria gonorrhoeae against cephalosporin, andVycobacterium
tuberculosisagainst rifampicin, isoniazid, and fluoroquinolone causing common infections (like
urinary tract infections, reumonia, and bloodstream infections) and high percentage of hospital

acquired infection¢Bridgeset al, 202Q Tanwaret al, 2014 Sanched 6pezet al, 2020)
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Figurel3: The time of antibiotic development and resistance by bacteriaistra

Thus, the continuous emergence of bacterial resistance has challenged the research community to
develop novel antibiotic agents. Among the most promising of these novel antibiotic agents are
metal and MONPs, which have shown strong antibacterialityctiva devastating number of
studieg(Guptaet al, 2018)
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In contrast to other antibiotics, MONPs with antibacterial activities have the potential to kill or
inhibit bacterial growth by targeting multiple biomolecules. A high antimicrobial activity of
MONPs depends on the particle size that allows greater surfatact@and a direct interaction
with the membraneds microorgani sms. Nanopart.
bacteria and produce electroni&eets which improve the reactivity of NPs. Thus, it is proven
that the bactericidalaects of NPs arsize depender(Turakhiaet al, 202Q Benhammada &
Trache, 2021) MONPs are known for their potent capability to inhibit the growth of a wide
range of bacteria. MONPs release positively charged ions that interact with the negatively
charged surface of bacteria cell walls causing cell wall or membrane disruption.etdaans

enter the cytoplasmic membrane interact and inhibit molecules such as proteins or nucleic acids
and then resulting in the generation of ROS that is toxic to the batensaniet al, 2018)

The cell membranes of the microorganisms interact with the mediunetd oxide NPs have

some interactions to release metal ions that interfere with the processes of deoxyribonucleic acid
(DNA) replication, cell membrane formation, and cell divisigdumar et d., 2020) Several
studies propose that MONPs attach to the surface of the cell membrane disturbing the
permeability and respiration function of the cell. The dgento the cell may be caused by the
interaction of NPs with sulfur or phosphorus containing biomolecules in the cell such as DNA.
As a result of electrostatic attraction and affinity to sulfur proteins, metal ions can adhere to the
cell wall and cytoplasim membran€Khandelet al, 2018) The adhered metal ions can enhance

the permeability of the cytoplasmicembrane and lead to disruption of the bacterial envelope.
After the uptake of free metal ions into cells, respiratory enzymes can be deactivated, generating
ROS but interrupting adenosine triphosphate produdsuafiaet al, 2020) ROS can be a
principal agent in therpvocation of cell membrane disruption and deoxyribonucleic acid (DNA)
modification. As sulfur and phosphorus are important components of DNA, the interaction of
metal ions with the sulfur and phosphorus of DNA can cause problems in DNA replication, cell
reproduction, or even result in the termination of the microorganisms. MONPs also have the
ability to penetrate bacterial cell walls and subsequently change the structure of the cell
membrane, because of their nanoscale size. The denaturation of thestytopteembrane can
rupture organelles, and even result in cell lyBis et al, 2017 Dessen €al., 2001 Lanet al,

2014 Khandelet al,, 2018)
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2.7.1. Bacterial Strains

From a clinical perspective, the bacteria justifying the term most fully are-rasistant Gram
positive and Grarmegative species that are classified based on their cell wall structines.
Grampositive bacteria such &aphylococcus aureasdBacillus subtilishave a thick layer of
peptidoglycan in their cell walls which are decorated with teichoic acid polymers and covalently
bound proteins and provide bacterial structure, tensiength, and counteracting the osmotic
pressure imparted by the cytoplaggamuraiet al, 202Q Teshomeet al, 2020) In Gram
positive bacteria, the peptidoglycan has a large permeability threshold and is accessible for
several molecules. Due to this, such types of bactee susceptible to various antibiotics. But
the Gramnegative bacteria such & coli, P. aeruginosa,and P. vulgaris have a thin
peptidoglycan layer. However, the Gramegative bacteria are intrinsically insusceptible to many
of these antibacterial agisnowing to the presence of a much finer molecular sieve, called the
outer membrane that framed a thin peptidoglycan lggex & Wright, 2013 Din et al, 2017)

Staphylococcus auretss both a commensal bacterium and a human pathogen and is the most
dangerous of all of the many common staphylococcal bacteria that cause a wide variety of
infections such as skin infections, heart valve infections, and bone infecitaphylococcare
grampositive bacteria that are characterized by individwetci that appear to be divided into
more than one plane to form grape clusters that are none modilexare sporéorming
facultative anaerobes and grow by aerobic respiration or by fermentation path@dgmgca,

2009) (Neupaneet al, 2018) S. aureuss a member of the genstaphylococi which is named
aureusdue to its golden color appearance as it grows on solid media. The cell 8auo¢uss

50% peptidoglycan by weight which consists of alternating polysaccharide molecules of N
acetylglucosamine and -Bcetylmuramic with 1, 4i b bonds. The surface features of
staphylococcal have a secretory signal sequence at the N terminal, positively charged amino
acids that extend into the cytoplasm, a hydrophobic memis@arening domain, and a cell

walli anchoring region, all at the carboxgrminal. This bacteria can destroy human tissues by
producing different enzymes, such as protease, lipase, and hyalurdiidaesg & M.D., 1998
Slavinet al, 2017 Tonget al, 2015)

Escherichia coliis a Gramnegativebacteria found in the environment, foods, and intestine of

humans and animals. It exhibits phospholipids, lipopolysaccharides, colanic acid and about 50%
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of its outer membrane consists of proteins attached to the memliarmli strains are
comparativelyeasy to grow under both aerobic and anaerobic conditions sofeoli isolates

are considered part of the beneficial normal flora of the intestine but some strains appeared to
acquire pathogenicity mechanisms to cause disease in humans such astwawhanyections

and sepsis or meningit{8vanget al, 2021 Happyet al, 2019)

Bacillus subtilisis a Grarmpositive bacterium that was used many years ago as a model to
determine the molecular pathways that control biofilm formation. It iswkndor aerobic,
endospordorming, and roeshape among the phylum Firmicutes and family Bacillaceae.
Peptidoglycan in the cell wall d. subitilisis responsible for shape determination and cellular
viability. The peptidoglycan polymer is formed from aregular sequence of glycan strands of
repeating disaccharide residues, ciirsged via peptide side chains which allow a high osmotic
pressure inside the céBridier et al, 2011 Harwoodet al, 2001)

Klebsiellais a type of Gramnegative bacteria that can cause infections such as pneumonia,
bloodstream infections, urinary tract cystitis, wound or surgical site infections, and meningitis.
Klebsiella pneumoniaés an encapsulated, nonotile bacterium found in the envimment. K.
pneumoniaestrain is the most prevalent multidrogsistantEnterobacteriaceaen hospitals
worldwide. The Major factors oK. Pneumoniae'sxtreme harmfulness are the capsule,
lipopolysaccharide, and adhesins. The capsule is one of the mosttanipeirulence
determinants, protecting against serum bactericidal activity, antimicrobial peptides, and
phagocytosigDe Souzeet al, 2019 Tanwaret al., 2014)

2.7.2. Antibacterial Activity of MONPs

Co304 NPs can interact with the sulfur pfotein contained in the bacterial cell membrane and
DNA. The NPs preferably attack the respiratory chain and cell division of bacteria, finally
leading to cell death. The NPs release cobalt oxide in the bacterial cells enhancing their
bactericidal activy.

Dewi et al, (2020) reported that the potent antibacterial activitiP@pulus ciliataleaf extract
mediated C¢gO4 NPs and the activity was concentration dependent. The green synthesi@ad Co
NPs were higher against gragpositive bacteria as comparea gramnegative bacterig@Dewi et

al., 2019) The maximum inhibition zone 24.5 + 1.3 against B.subtilis whichr@snpositive
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and20.4 = 0.7 foKlebsiella pneumoniagranmnegative bacteria was observéd.this report,
the green synthesize@io;O, NPs are more efficient againBtsubtilis thanantibiotics used as a
control during their study. The grapositive baatria are more exposed to £n NPs due to the
high permeability of porous on the bacteria cell walls in contrast to-gemative bacteria and
such a structure of cell wall facilitates the maximum absorption of NPs.

Saeedet al, (2018) synthesized @0, NPs using leaves extract &alvia hispanicaand
evaluated its antibacterial activity. The particle showed noble antibacterial activity in comparison
with the standard drugs and contfdbmuraet al, 2019)

Urabe and Aziz (2019) synthesized:0O9 NPs using Apium graveolens and Camellia sinensis
extracts and studied their antibacterial activities against Gegative P. aeruging and Gram
positive S. aureuy bacteria. The G, NPs with 2172 nm size inhibit Grammegative P.
aeruging at about 17/mm and Granpositive §. aureusat 12 mm and 200 pg/nilUrabe &
Aziz, 2019)

The bacterial inhibition by ZnO NPs could be attributed to its high specific surface charge and
ROS generation. Naseest al, (2020) reported the antibacterial activities of ZnO NPs
synthesizedusing Cassia fstulaand Melia azadarachplant extracts against Granegative
pathogen)E. coli and (Grarmpositive pathogeny. aureuls In contrast to standard antibiotics,
the biosynthesized ZnO nanoparticle showed strong bacterial activity.-G&ganive standard
drugs inhibit from 15820 mm whereas green synthesized ZnO NPs inhibit in the range of 16
40mm. S. aureusvas resistant to a variety of standard drugs theone of inhibition for the

rest of the standard drugs ranged frorhi34mm while that oZnO NPs was 187 mm in range
(Naseetret al, 2020)

Mahendreet al, (2019) determined the antibacterial activity of ZnO NPs synthesized using leaf
extracts ofCanthium dicoccumThe particles are highly effective agairst subtils and less
sensitive agains$tapyhlococcus aureu$he inhibition zone of ZnO NPs is 18.33, 16.33, 15.66,
and 15 mm againdB. subtilis E. coli, P. aeruginosaand S. aureusrespectively. The study
indicates that the green synthesized ZnO NPs have eidtilzd effective activity in contrast to
plant leaf extract reported by (Prashaetlal, 2015,Shivappaet al, 2018)

Sureshet al, (2014) reported th antibacterial activity of green synthesized ZnO NPs against
Gramnegative and Grapositive. The particles showed significant activity on four selected
bacterial strains at 500 and 1000 mg concentrations (Setreth2014).
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A few decades ago, the pedence of bacterial borne diseases increased intensely. The
continuous placement of antibacterial agents in treating infections caused the development of
drugresistant bacteria. The bacterial borne infections mostly occur around the hospitals, due to
the availability of a variety of bacterial strains that enable to copying of genes from one another
to develop new gene orders. Bacteria with modified gene order can resist the existing
antibacterial agents and cause different infections. Henceforth, tharaleses developed a
potential antibacterial agent at nanosize. The recently fabricated and widely used nanoparticle is
metal oxide nanoparticles. The antibacterial activity of NiO NPs against various bacterial
pathogens has been stud{&zhilarasiet al, 2016 R. K. Daset al, 2017 Sabouriet al, 2021)

Ezhilarasiet al, (2018) investigated the antibacterial activity Adgle marmelodeaf extract
mediated NiO NPs against two Grgoruositive and Grammegative strains. The report indicated
that, the antibacterial activity of NiO NPs against two Gpasitive higher than the Gram
negative bacterial strains. The difference in the inhibition zone of treated bacteria is due to the
thin layer cell wall with a single layer of peptidoglycgingel Ezhilaraset al, 2018)

Haider et al, (2020) reported the antibacterial igity of NiO NPs synthesized usingingiber
officinale and allium sativumextract The garlic extract mediated NiO NPs showed a high
inhibition zone in contrast to the ginger extract mediated against multidrug resistance bacteria
due to the synergetic effeof phytochemicals in the plant and reduced NiO KHrsderet al,

2020)

Copper metal containing nanomaterials have potent applications in contrast to their parent
material. Ptype semiconductors CuO NPs with band gap energy of approximatelgVl.7
possess unique properties based on particle size, shape, morphology, and or{gatagbal.,

2017) Among CuO NP's potent applications, antibacterial is the most common activity. The
CU*" ions released from theuD NPs have a potent effective nature in antibacterial activity
(Bhuvaneshwariet al, 2018) The antibacterial activity oAzadrachta indica plant extract
mediated CuO NPs was reported by Shaetal., (2015). The antibacterial activity of CuO NPs

at concentrations of 50 ¢l , 765 coleate obmarved ag 070 ¢ |
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+ 0.25 mm, 19 £ 0.25 mm, and 200.25 mm, respectively as indicated in Figaze(J. K.
Sharmeet al, 2015)
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Figurel14: Antibacterial activity of CuO NPs agairstColi (J. K. Sharmaet al., 2015)

The Cd* of CuO NPs inhibitshe bacteria by interacting with biomolecules such as protein,
DNA, and enzymes. The ions released from NPs interact with DNA and break down the DNA
strands leading to bacterial death.

Turakhia et al, (2020) investigated the antibacterial activity @&rica papayaleaf extract
mediated CuO NPs against grgmsitive and grasmegative bacterial strains. It has been also
reported that CuO NPs have more toxicity on bacterial strains in contk@atita papayaplant
extract due to the electrostatic interantbf Cif* with proteins, DNA, and cell walls that resulted

in their denaturatiofSinghet al.,, 2017 Turakhiaet al, 2020)

Vaidehi et al, (2018) also reported that CuO NPs synthesuz&idg Solanum lycopersicum
agueous leaf extract showed good antibacterial activity. CuO NPs showed different activity
againstBacillus subtilis S.aureusandE.coli bacterial strains that increase with the increment of

concentratior{Bhuvaneshwaret al, 2018)
2.7.3. Antibacterial Activity of CSNs

Villalobos-Noriega, J. A., (2021) reported the antibacterial activityRamex hymenosepa

root extract mediated Au@Ag CSNs agaiistaureus, E. cols shown in Figur&5(a) and(b),
respectively. The Au and Ag NPs, as well as the Au@Ag CSNs, inhibit the growth of the gram
positive bacteriaS. aureusalmost equally. However, the Au@Ag CSNbBow good percent

inhibition againsE. coliin contrast to the parent nanopartigledlalobos-Noriegaet al,, 2021)
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Additionally, the antibacteai activity of Ag@Pd coreshell NPs synthesized using almond and

blackberry fruit extract again&. aureus, E. colandC. albicanswas evaluated. Almond extract
mediated Ag@Pd corghell NPs showed higher inhibition agaistaureughanE. coliandC.

Albicans as shown in Figures 15(c) and (dtlyamny, S.
antibacterial activities of Ag@A® CSNs on a variety of pathogens. The report demonstrates
0 CENsLsuppres$.agve g P.aerginosa,and C.vulgaris biofilm
disintegration by about 74.7, 67.8, and 83.5%, respectively.
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Figure 15. Antibacterid activity of Au@Ag CSNs (a) againsg. aureus (b) E.coli and
antibacterial activities of Ag@Pd CSNs agaiSstaureusE.coli, and C.albicans(c) Blackberry

mediated and (d) Almond mediatédbdelFattahet al, 2017)

2.8. Antioxidant Activity

The oxidative pbsphorylation metabolism is processed in mitochondria and generates ROS such

as superoxide (&), hydrogen peroxide ((D,) |,

and

hydroxyl radical

molecule for cellular actions. The concentration of these reactive molecules isideteby the

steadiness between the rate of production and consumption by oxidizing agents in the cell.
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Several mechanisms are used by the cell to maintain the redox reaction when exposed to ROS
(NavarroYepes et al, 2014 P | e Ek oetvalk 2020) On the other hand, when ROS
enthusiastically produced, the antioxidant in the cafinot adjust to the normal level of redox
homeostasis, thereby resulting in oxidative stress. The excessively produced ROS can cause
indiscriminate damage to biological molecules such as proteins, nucleic acid, memlipaises,

and leading to loss of fetion and even cell deaffhiang et al, 2020) The tissues and dsl

control the excessive production of ROS by using enzymatic components, such as superoxide
dismutase, catalase, and glutathione peroxidase, andnzgmatic such as vitamins C, A, and

E, glutathione, and thioredoxin to protect themselves from -R@&cal cellular damage.
However, the high increment and endogenously uncontrollable production of ROS causes
oxidative stress and results in several diseases such as cancer, diabetes, metabolic disorders, and
cardiovascular diseases. In aerobic organisms, R®%8aived from singlet oxygen molecules

by receiving a single electrqMurrayet al, 2021 GarciaSanchezt al, 2020)

6 QVYO§E (1)
The superoxid¢O.A) can react with a ferric ion (£9 in the cell and can result in the formation
of reactive hydroxyl r @Ndvarm¥epesdt &, Q#1) Lidngetdt,e nt o n
2020)

IEC YR (2)
I I (Y (/! / (3)
& A I B Y &A (4)
& A (/1 Y&A (1B (1 (5)

Recently, to combat the excessive production of ROS severaliorgad inorganic compounds
are investigated. Amongst, inorganic substances specifically MONPs are studied and their potent
antioxidant activities were assur@eizzinoet al., 2017)

2.8.1. Antioxidant Activity of MONPs
The green synthesize@0;0, NPs have potent antioxidant activity due to their superior
biomedical applications. The cobalt oxide NPs showeddpenytl-picrylhydrazyl (DPPH)
free radical scavenging potential. Additionally, the plant extract mediated cobalt oxide NPs
showedDPPH stable free radical scavenging potentials and antioxidant capacities. In another

study, greener synthesis of cobalt NPs was reported by applying secondary metabolites from
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Celosia argentelant extract and showed antioxidant activities against DRidial, and their
scavenging power was reportedly accelerated with increasing concentration. It was also reported
that the radical scavenging activity of green synthesize®DCNPs is dos@lependen{Ajarem

et al, 2021 Khalil et al, 2020, Shaheeat al, 2020) Ullaha et al., (2020) reported that the
cytotoxic of CaO4 NPs to macrophages @{&58.55 mg/mL) than that of RBCs E&200

mg/mL). The report indicates that the green synthesizegOLOPs have more potent
antioxidant activity(Ullah et al, 2019) It has been reported that tBageretia thedeaf extract
mediated CgO, NPs showed strong antioxidant activity Khadilal,, 2017,Khalil et al, 2020)

The highest DPPH radical scavenging%®7was observed at 200 pg/ml while the scavenging
ability degeased at lower concentrations.

ZnO NPs used as a significant antioxidant against reactive free radicals in protecting cellular
defense against oxidative stress. Zinc metal ion in ZnO NPs retheesactive free radical

species to maintain oxidative DNA damage and integrity within the cell (Sushala 2016).
Sushmaet al, (2016) determined the antioxidant activity @€imum tenuiflorunplant leaf

extract mediated ZnO NPs using DPPH and iobth the maximum inhibition (65.23%) and
absorbance (0.6 a.u). Safaved al, (2018) determine the antioxidant activity ©fccinia
abyssinicaextract mediated ZnO NPs (ZnO Nps) which is measured by DPPH assay. In this
report, the radical scavenging capg@nO Nps slightly lower than standard ascorbic acid in all
concentrations. The radical scavenging activities of the particles showed increment with
increasing the concentration withsiGsalue of 127.74 ug/ml (Safawet al,, 2018). Lingarajlet

al., (2016 evaluated the DPPH stable free radical scavenging activiRuta graveolenserbs

mediated ZnO NPs. The absorbance of free radicals decreases as reduction takes place and the
radical scavenging activity was reported for ZnO NPs. They also reporteithéhzbinhibition

of free radicals by ZnO NPs was obtained witlol@aving a value 09.34 mg/mL as shown in
Figurel6(a) (Lingarajuet al., 2016).

Raghavebdrat al, (2017) also reported that the green synthesized ZnO NPs @simgnia
gummiguttaplart seed extract also showed antioxidant activity. The radical scavenging effects
of ZnO NPs were reported at various concentra
1.0 mL of 50% met hanolic solution conffreei ni ng
radical scavenging activity withande&v al ue of 425 €9/ mL, i ndicat es

be poteninhibitors as shown in Figures(b). From the report, the difference in the percentage of
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inhibition is due to the phytochemical of plants, sized ahape of particles. Previous reports
have also shown the antioxidant activity of green synthesized ZnO NPs using different plants
such asCassia fistula(Pavan Kumaet al, 2015),Aegle marmelogMallikarjunaswamyet al,
2020),Ocimum tenuiflorun{Sudimaet al, 2016),Polygala tenuifolia(Nagajyothiet al, 2015)

andRuta graveolenflingarajuet al, 2016) extract.
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Figure16: Antioxidant activity of ZnO NPs synthesized using Rajta graveolenkerbs and (b)
garcinia gummiguttaplant seed extragRaghavendrat al., 2017).

The properties of MONPs are achieved by changing their size at the nanoscale which provides
the capacity to use them in a variety of yel
significance ina wide variety of technical applications, NiO NPs have been used. The numerous
rewarding applications of NiO NPs in biomedical have been reported. As reported in some

studies, NiO NPs have great potential antioxidant actifdgheraet al, 2019)

Khan et al, (2021) reported that the green synthesized NiO NPs showed higher antioxidant
activity than chemically synthesized. The antioxidant activity of NiO NPs sh@weaperior

linoleic acid peroxidation inhibition percentage compared to chemically synthesized NiO
nanoparticles but slightly lower than plant extract and BHT. The greater inhibition observed in
green synthesized NiO NPs is due to the synergetic effgdantf phytochemicals and NiO NPs.

The report indicated the chemically synthesized NiO NPs had shown a toxic effect on fibroblast
cells as many dead cells (Red) appeared compared to NiO NPs plant extract mediated. The
bioactive molecules enhance the biocatiglity and dispersibility of green synthesized NiO

NPs in cell§S. A. Khanet al, 2021) Haget al.,(2021) also reported that tlReaphanus sativus

plant leaf extact mediated NiO NPs have potential antioxidant activity. The antioxidant activity
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of the particle is concentratiadependent. As shown in the report, the scavenging activity of NiO
NPs increases with their concentrat{@nldar, et al, 2021)

Recenly, CuO NPs have gained considerable interest due to their potential health benefit.

The antioxidant activity of green synthesized CuO NPs by plant extracts sushttamis

nobilis, Calotropis giganteaGloriosa superbaCinnamomum camphor#@loe vera,and Carica
papayahave been reporte@>hoshet al, 2020) Debrucka R.Z018),reported the antioxidant

activity of green synthesizeGuO NPs using th&aleopsis speciosaxtract. The CuO NPs

reduce the stable free radical DPPH, leading to the decrease in absorbance measured at 515 nm
wavelength. The 1§ of CuO NPs was 4.12 pg/ml which indicates its high antioxidant activity
(Dobrucka, 2018)ljaz et al, (2017) reported thakbutilon indicumextract mediated CuO NPs
synthesized showed a potential antioxidant activity.

2.8.2. Antioxidant Activity of CSNs

Antioxidants have an important function in maintainmdpealthy cell state, as evidenced by
extensive studies. The endogenous antioxidant defense mechanism is normally competent in
dealing with free radicals in the body, butder diseaseevelopingthreshold situations, the
crucial requirement for exogenous antioxidants increases.-<betkenanostructures can act as
efficient antioxidants due to their unique features and the synergistic effects of the core and shell
materials Arriagadaet al, (2019) reported the antioxidant activity cdffeic Acid grafted on
amino-functionalized oreshell silica nanospheres (ACSSWEA). The CA enhances the
capacity of the core materials to inhibit the DPPH free radiAisiagadaet al, 2019)
Mohamedet al, (2024) reported the antioxidant activity Bf. suaveolensextract mediated
CoO@TIQ and~e0;@TiO, CSNs was evaluated by DPPH. The report indicates the antioxidant
activity was concentratiodependent. fie antioxidant activity of R©;@TiO, CSNs was
revealed to be 76.34% at 0.11 mg/mL attended by a highgr vi@ue of 0.055 mg/mL
(Hammouda et al., 2024)

2.9. Datura Stramonium

Datura stramonium(D. stramoniunnis a family ofSolanacea@and is an annual flowering erect
herb distributed in warm regions of the worll. stramoniumis known for its unpleasant odor

and has a height of 3562 m.It has hairy leaves with stalks&in long, pale green, and ovate
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with a lightly hairy branched ste(Carpaet al, 2017) It is a common herb in disturbed areas,
waste ground, fertile soils in fields, and roadsides and is well known for its potent
pharmacological activity with great utility and usage in folklore medidine to the presence of
active phytochemicals, some speciedDofstramoniumare widely used in different medical
treatments. Traditionally). stramoniunplant extract was used for the treatment of diseases
such as asthma, sinus infections, gastrointespnablems, aches, abscesses, arthritis, boils,
headaches, hemorrhoids, rattlesnake bites, sprains, swellings, burns, ulcers, an{kishmes

et al, 2016 Soniet al, 2012 Guo et al, 2018) Nowadays, it is added to the medicinal plants
list which has a broad range of medicinal applications such as antinociceptive, antioxidant,
hypolipidemic, antrheumatoid, and hypoglycemic propert{@atoolet al, 202Q Rahmouneet

al., 2017)

In addition to its very important medicinal role, it is toxic due to the presence of alkaloid groups:
hyoscyamine, atropine, and scopolamibe.stramoniumnis a hallucinogenic plant that causes
serious poisoning. Taking any part of this plant may result in a severe anticholinergic reaction
which causes toxicity and occasionally leads to diagnostic diffic|flflagpaet al, 2017 S. Das

et al, 2012) In general, the potential activity in disease treatment and dangerous toxibity of

stramoniunplants is due to phytochemicals.

Figurel7: Leaf of D. stramoniunplants(Kadamet al, 2018)

2.9.1. Phytochemical Constituentsof Datura Stramonium

D. stramoniunmcontains a variety of biologically active phytochemicals like alkaloids, atropine,
scopolamine, tannin, fat, Phenols, Saponins, sterols, Steroids, glycosides Flavonoids,

carbohydrates, and proteifBatool et al, 2020) As documented inlifferent reports, the leaf
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and seed ofD. stramoniumare rich in alkaloids, including atropine, hyoscyamine, and

scopolamine.

_— i 7., » Bediatg

sl

D-asycarpidan-1-methanol, acetate  2,7-Diphenyl-1,6-dioxopyridazino

Ethyl iso-allocholate .
’ (ester) [4,5:2,3] pyrrolo|4,5-d] yridazine

Figure 18 The Structure of Ethyl isallocholate (a), Easycarpidasi-methanol, acetate (ester)
(b) and 2, #Diphenytl, 6 dioxopyridazino [4, 5:2, 3] pyrrolo [4;8] pyridazine (c) present in
the leaves extract @. stramoniunusing GCMS analysis.

Huda et al, (2015) determined compounds of alkaloids ethanolic extract using gas
chromatographynass spctroscopy and investigated the Ethyl#@mcholate, Dasycarpida#i-
methanol, acetate (ester) and -Bjphenytl,6- dioxopyridazino [4,5:2,3] pyrrolo[4;8]
pyridazine as shown in Figudd (Altamemeet al, 2015) Miraldi et al, (2017) also determine

the quantitative value of scopolamine and atropm®. stramoniunplant. The maximum

contents of hyoscyamine and scopolamineDinstramoniumwere found in the leaves. The

maxi mum average atropine | evel in the |l eaves
the maxi mum | evel of atropine in the flowers
maximum scopolamine level inthe stemstrd f |l owers is 0.129 N 0.014

respectively(Altamemeet al, 2015) In addition to thidD. stramoniuntontains belladonnine,

leucine, glutamic acid, enzymes, citric acid, malic acid, etheric oil, mineral salts, etc.

49



H,C
\
N
Aﬁ A§ \CH:OH aﬁ CH,
0]
0

Hycacyamine Alropine Apoatropine
0. HO
H,C/ N X
A _OH
(o}
j HOW K
(0] (0]
OH ¥ N Mou
Scopolm Afropamine ‘ OH
Sitosterol
Sophorose

Figurel1l9: The chemical constituent$ B. Stramoniunplant (Batoolet al., 2020)

Altamemeet al., (2015) investigated some phytochemicals foundDinstramoniunas shown in

Table 3. The reportegphytochemical study revealed the presence of alkaloids, flavonoids,
saponins, tannins, and terpenoids. Furtitee, the quantitative analysis showed saponins (44.61
mg/g) and alkaloids (39.10 mg/g) were the dominant compounds followed by flavonoids (34.71
mg/g) and terpenoids (32.34 mg/@itamemeet al., 2015)

Table3: Qualitative and quantitative investigation@f s t r a mghytachemiéals

S.No Qualitative test Quantitative test
Secondary Color Methanol Metabolites
metabolites  observation extract mg/g

1 Flavonoids Yellow ++ 34.71+0.005
2 Terpenoids Redlish brown + 32.34+0.007
3 Saponins Small bubble + 44.61+0.007
4 Alkaloids Reddsh brown ++ 39.10+0.009

The (+) moderately and (++) highly positive iodie the presence of phytocomponents.
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D. stramonium'sphytochemical components play an important role in green nanoparticle
formation. These bioactive chemicals function as reducing and stabilizing agents, allowing the
synthesis of stable, biocompatiblanoparticles with potential uses in a variety of fields. This
environmentally friendly method complements the increased emphasis on sustainable and green

chemical processé€arpaet al, 2017)
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3. Materials and Methods

The purpose of chemicals, materials, and advanced characterization technieg@s tingss work

has been described. Additionally, the experimental procedures used for plant extraction,
phytochemical screening, metal oxide nanoparticles, andst@ienanostructure synthesis were
explained Furthermore, thestandard procedures f@nicancer, antibacterial, and antioxidant
activity testswere explored.

3.1. Chemicals and Reagents

In this study, the precursor salts such as cobalt acetate hexahydrate {COfz8H,O (Sigma
Aldrich), nickel acetate dihydrate (Ni(GBO,)..2H,0O) (Sigma Aldrichh, copper acetate
dihydrate  (Cu(CHCO,)..2H,0O) (Sigma  Aldrich), and zinc acetate dihydrate
(Zn(CHCO,)2.2H0) (Sigma Aldrich) have been used for the synthesisedgpective MOIPs

and CSNs Chloroform (CHCY), sulphuric acid (HSQy), ferric chloride (FeG), ammonia
(NHs), benzene (gHs), and potassium iodide (KI) which af&igma Aldrich)were used for
phytochemicals screening. Additionally, ethanol gCH,OH) (99.9%, LabTech Chemicaland

sodium hydroxide (NaOH)Sigma Aldrich) were also used for washingurposes and as
precipitating agents, respectively. Distilled water was also used as the synthesis medium.
Dimethyl sulfoxide and mpicillin were used asegative and positive contsplrespectively.
Ascorbic acid andDPPH (Sigma Aldrich) were used as pasitive and negative contrdbr
antioxidant activity testgespectivelfAjaremet al, 2022) Dul beccodés Modi fi ed
(DMEM), Fetal Bovine Serum (FBS), penicilistreptomycinand insulin were used for cancer

cell growth in an anticancer stdy. Additionally, MTT ((3, 4, &imethylthiazol2-yl)-2-5-
diphenyletrazolium bromide) reageii®igma Aldrich) was for in vitro cytotoxicity study
whereas Epirubicin was used as a positive conglblthe chemicals and reagents used were of

analytical grdes and were purchased from the market.

3.2. Materials and Instruments
Materials used in this research work were; spatulas, borosilicate glass, electronic balance, pipet,
hotplate, test tube, centrifuge, Erlenmeyer flask, pestle, volumetric flask, mortabjerpéastic

bottles, funnelWhatman number 1 filter papemefrigerator, pH meter, aluminium foil, forceps,

watch glass, burette, stand, graduating cylinder, and micro grinding machine. The advanced

52



characterization instrumental techniques such asyisible spectroscopy (UWis), fourier
transform infrared spectroscopy (fR), scanning electron microscopyergy dispersive Xay
spectroscopy (SEMEDX), transmission electron microscepigh resolution transmission
electron microscopy (TEM/HRTEM), select area electron diffraction (SAED), -ray
diffraction (XRD), and thermogravimetric analysigferential thermal analysis (TGA/DTA)
have been used for sample analysis.

3.3. Collection of Datura stramoniumPlant Leaf

The Leaf of theD. stramoniunplant usedn this study for the synthesis of the nanoparticles was
collected from around Adama city, East Shewa, Oromia regional state. Adama is a city located in
the East Shewa zon®romia. It is located at 8.54 N 39.27 & an elevation of 1712 rand99

Km away from Addis Ababa to the southeast of Oromia. The specimen was identified and
authenticated at the Addis Ababa University Herbarium (Voucher No. AUGHO016) and

documented for reference purposes.

3.4. Preparation of Plant Leaf Extract

In this study, the first sp in the synthesis of nanoparticles was the preparation of the plant leaf's
agueous extract. Accordingly, the collected stramoniumleaf was washed thoroughly using
distilled water to remove dust particles and any contaminants and dried under a stesdatv a
room temperature for 15 days until all moisture was lost. The dried leaf was ground using a
micro grinding machine, and the fine powder of the plant leaf obtained, about 3200 g, was
packed in a dry bottle. The aqueous extraction was carried owf asi®00 mL conical flask
containing 500 mL of distilled water by taking 30 g of leaf powder fromDQhetramonium
plant. The colloidal suspension Bf stramoniunwas boiled at 40 °C for about 90 min under
continuous stirring. The boiled mixture was @mlto room temperature and filtered using
Whatmannumber 1 filter papefd. K. Sharmaet al,, 2015) Finally, the filtrate was stored in the
refrigerator at 4 °C for the synthesis of40g, ZnO, NiO, and CuO MONPs and CZ, CN, and
CC CSNs(Tilahun et al, 2022) The schematic diagram of the leaf extion is presented in
Figure20.
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Figure20: A schematic representation Df stramoniumeaf extraction.

3.5. PhytochemicalScreeningof Aqueous Extract of Datura
StramoniumLeaf

The plant leaf extract was subjected to assessment for the existence of the phytochemicals by

using the following standard metho(Batoolet al,, 2020, )

1. Tests for Flavonoids (Alkaline Reagent Test)2 mL of 2.0% NaOH mixture was mixed with
agueous plant crude extract; a concentrated yellow color was observed, which became colorless
when 2 drops of diluted acid were added to the mixture. This result confirms the presence of

flavonoids.

2. TestforAl kal oi ds ( Veani of heDO srambnausidlat agueous extract
solution was dissolved in Wagner's reagent (lodine in Potassium lodide). The formation of a

brown/reddish precipitate confirms the presence of Alkaloids.

3. Test for tannins: 0.5 g ofD. stramoniunplant extract was boileh 10 mL of distilled water
in a test tbe and filtered. 5 drops of @dFeC} was added to the filtrate, to give a brownish

green or a bludlack color which confirms the presence of tannins.

4. Test for terpenoids (Salkowski test)2 mL of aqueou®. stamoniumplant extract was
mixed with 2 mL of chloroform and 3 mL concentrategsl)y carefully to form a layer. A
reddishbrown coloration of the interface formed showed positive results indicative of the

presence of terpenoids.
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5. Test for Steroids 2 mL of chloroform and concentrated$0, were added with the 5 mL
aqueoud. stramoniunplant crude extract and no color change was obsewl&dh could
indicate theabsenc®f steroids.

6. Tests for Gl yco2mdewxeniatdiBd wawaddtedtdthe Test )
aqueous plant crude extract. The formation of a redalistvn color is indicated by the presence
of glycosides

7. Test for phyt os:2mlkaddqseous BantlexrachvenidklO tlsof t e st )
chloroform were mixed and then filteregldrops of concentrated,5HO, were added to the

filtrate; the mixture was shaken and examined for the appearance of a golden yellowhator
indicates the presence of phytosterols

8. Test for Anthraquinones 10 mL of benzene was added to 6 g of tlaaiextractin a conical
flask andkeptfor 10 minutes and then filtered. Further, 10 ml of 10% ammonia solution was
added to the filtrate and shaken vigorously, and pink, violet, or red color formation indicated the

presence of anthraquinones in the amiaghase.

9. Test for saponins 0.5 g of plant extract was taken then 5 mL of distilled water was added and

shaken while heating to boil. Frothingosted the presence of saponins.

10. Test for phenols5 drops of % of FeC} was added to 2 mL of aqueopiant extract and

the formation of a bluisigreen to black color indicates the presence of phenols.

3.6.Synthesis of Metal Oxide Nanopatrticles

Metal oxide nanoparticles (MONPSs) such as cobalt oxide, zinc oxide, nickel oxide, and copper
oxide nanoparticles wesynthesizedisingD. stramoniunplant leaf extract according to

modified synthesis procedur@Seorgeet al., 2022)

3.6.1. Synthesis of Cobalt Oxide Nanoparticles

In this study,cobalt acetate hexahydrate (Co(&F0D,)..6H,0) andD. stramoniumleaf extract
were used for the synthesis of cobalt oxide nanoparticlegOg€8Ps). The CgD, NPs were
prepared in (1:2), (1:1), and (2:1) volume ratios of cobalt acetate hexahydrate
(Co(CHCO,),.6H,0) to D. stramoniumleaf extract. Three different metal stdtplant leaf
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extract volume ratios were €0, (50:100 mL), CgO, (50:50 mL), and CgD4 (100:50 mL)

which denoted as GO4(12), Ca04(11), and Cag04(21), respectively. During GO4(11)
synthesis, 50 mL ofD. stramoniumleaf extract was added dropwise to a 500 mL Erlenmeyer
flask containing 50 mL of 0.5 M Co(GBO,)..6H,O solution and stirred for 4 h at room
temperature. The pH of the formed suspensions on stirring was checked after thge tstiein

was completed and adjusted to pH = 12 by adding some drops of 0.1 M NaOH solution based on
the reported procedur@&afdaret al, 2023) The formed suspension was further stirred3or

min to mainain the uniform distribution of the added base. The precipitate formation was
enhanced by the addition of NaOH solution. The resulting solution was placed in a refrigerator
overnight to enhance precipitate formation. Then, the precipitate was centriflg@@Dapm for

20 min. The supernatant was decanted carefully and washed thrice in all cases by using ethanol
and distilled watesequentially The washed precipitate was collected from the centrifuge tubes
on a ceramic crucible dish and placed in a drygimgn for 3 h at 108 and then allowed to cool.

The dried precipitate was calcined at 35@sing a muffle furnace for 5 h and stored for further
analysis(Kiani et al, 2021 Urabe & Aziz, 2019 Nagajothi, 2022 Hashami et al., 2024)
Similarly, Ca04(12) and CaO4(21) were also synthesized in 50:100 mL and 100:50 mL volume

ratios, respectively, following the same procedure

3.6.2. Synthesis of Zinc Oxide Nanoparticles

In the synthesis of ZnO NPs, the precursor zinc acetate dihydrate (ZQR2H,0) salt,
sodium hydroxide (NaOH), and plant extract were utilized. To synthesize ZnO NPs, 0.5 M of
Zn(CHsCO,),2.2H,0 was prepared using distilled water and mixed \ithstramoniunplant leaf
extract. In this case, the three different metal-tafilant extract volume ratios (50:100 mL),
(50:50 mL), and100:50 mL) were assigned as ZnO(12), ZnO(11), and ZhQ(2spectively.
For instance, in #synthesis of ZnO(), 50 mL of plant extract was added dropwise into a 1000
mL Erlenmeyer flask containg 50 mL of 0.5 M Zn(CKCGO,),.2H,0. The mixtures were stirred
for 4 h and followed by the addition of 0.1 M NaOH to adjust the@i2 based on the previous
work in the literaturgHafeezet al, 2020) After the dropwise addition of 0.1 M NaOH, the
obtainedprecipitate was stirred fd&20 min. The precipitate was centrifuged at 3000 rpm for 20
min and was followed by washing with ethanol and distilled wtieze times The washed
nanoparticles were collected and placed on a ceramic cruaibieh was left todry in an oven

for 3 h at 108 8The overdried precipitate was calcined using a muffle furnace at3480r 5
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h and stored for characterization and applicatiphisarezChimal et al, 2021) Similarly,
Zn0O(12) and ZnO(2) were also synthesized by varying their corresponding volume ratios under
the same condition and procedure.

3.6.3. Synthesis of Nickel Oxie& Nanoparticles

The synthesis of NiO NPs within different three volume ratios was performed by utiizing
stramoniumleaf extract andickel acetate dihydrate (Ni(GBO,),-2H,0) precursor salt. The

synthes i s was car r i NiH;G)i2HADO srd plant le&f. eracMwithin NiO@)

(50 mlkecafrspr: 100 mL 10f (&0t macecto)6,0 pmic@OX sextr a
NiO21) (100 mL of precursor:50 mL (qdrflaskxThe act )
mixture of precursor salt solution and plant leaf extract was stirred for 4 h at room temperature.
The pH of the suspensions was adjusted to 12
the three ratios for about 20 min to maintain tbenbgenized mixture. After completion of the

reaction, each of the individually formed suspension were placed in a refrigerator for 12 h. The
formed and settled precipitate was centrifuge
and distilled waterAll the volume ratios of the precipitates were collected on a crucible ceramic

dish and dried at 100 °C till the solvents and the reagents were removed. Finally, the samples

were calcined for 5 h at 380 °C by using a muffle furn&eHussairet al,, 2023)

3.6.4. Synthesis of Copper Oxide Nanopatrticles

In the presence of an aqueous crude extractDof stramonium leaf and 0.5M of
(Cu(CHCO,)2.2H,0), CuO NPs were synthesized in three déférvolume ratios, such théit2)

(50 mL precursor: 100nL extract), (1) (50 preursor mL:50mL extract), and (2) (100mL
precursor:50nL extract). To probe the effect of volume ratios on the structure, morphology, and
biological activities such as angitterial and antioxidant with specified volume ratios CuO NPs
were synthesized. The synthesis was performed by utilizing the three volume ratios within three
different Erlenmeyer flasks. The volume of extract was gradually added to the three Erlenmeyer
flasks with the stated volume ratios containing 0.5 M of (Cwu(@®4),.2H,0) precursor salt.

The mixtures were stirred for abouth4 Then the pH of the solution was adjusted to 12 by
utilizing 0.1M NaOH solution. To homogenize the added NaOH, the formedesagm was
stirred for an additional 2thin. Then, each of the three Erlenmeyer flasks containing the formed

suspension was placed in a refrigerator for 12 h. Each of the suspensions was centrifuged 3 times
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at 3000rpm and washed three times by utilizingstdled water and ethanol. The formed
precipitates were then collected on a ceramic dish and dried &C106til the moisture and
solvents were removg@dimisbah & Mohammed, 2023 he dred samples were calcined at 300
°C for 5h.

[ Few drops NaOH
‘_“‘\M‘\’ .
Stirred for -

pH was
measured

Ni(CH,CO,),.2H,0

coole dl Rcfrlgcrator
overnight

"
l)r}' in -
Oven Centrifuged
_
E Calcined at 3000 rpm
R iy
: Y T
NiO NPs Ni(OH), Complcx NPs NPs dlspu'smn

Figue 21. The schematic representation of metal oxide nanoparticles synthesis.

Similarly, Ca04, ZnO, and CuO NPs were also synthesized by utilizing their corresponding
precursor salts under the same condition and procedure.

3.7. Synthesisof Core-Shell Nanostructures

In this study the MOCSNsweresynthesized usinB. stramoniumeaf extract and the precursor
salts. @balt acetate hexahydrate (Co({CHD,)..6H,O) was usedto synthesisa core whereas
zinc acetate dihydrate (Zn(GBIO,).t2H,0), nickel acetate dihydrate (Ni(GBO,)2-2H.0), and
copper acetate dihydrate (Cu(&FD,), 2H,0) precursor salteere utilizedfor respectiveshell

synthesis. The synthesis was perfornsegarately by keeping the concentrationttud core
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(inner) part mateal constant and varying the concentrationtloé shell (outer) material. The
volume ofplant extractcore,andshellmaterial wasonstant throughout the synthesis.

3.7.1. Synthesis of Cg04s@ZnO Core-Shell Nanostructures

The C@O,@ZnO (CZ) CSNs were synthes# using theD. stramonium leaf extract,
Co(CH;CO,)2.6H,0, and Zn(CHCO,)2.2H,O precursor salts. The synthesis of CZ CSNs, was
carried out using am-situ method in three different concentration ratios of precursor salts of
core to shell materials as 0325, 0.5:0.5, and 0.5:0.75 M which are dena@edZ(21), CZ(11),

and C423), respectively

(Co(CH,CO,),.6H,0  (Zn(CH,CO,),.2H,0) 0.5 M NaOH

: A8
=\ 13
R
\_,
Salt solution Plant Extract Stirred for 4 h Stirred for 20 min
— t
p— y
Dried in ,.
Calcined oven
| S Ty
at 400 °C at 100 °C ™ :(
|-
Calcined CZ CSNs Oven dried Centrifuged Kept in refrigerator

overnight

Figure22: The synthesis ofZ coreshell nanostructures.

In this case, the effect of three different concentration ratios of precsamoof the shell was
studied. Specifically, during the synthesis of CZ(11), 100 mL ofplat leaf extract was
gradually added to a 1000 mL beaker containing the mixture of 50 mL of 0.5 M
(Co(CHC0O,)2.6H,0) and 50 mL of 0.5 M Zn(C¥C0O,),.. 2H,O and stired for about 4 h. Then,

0.1 M of NaOH was added (pH=12) under stirring for 30 min resulting in the precipitation of the
CSNs. The precipitate was kept irrefrigerator overnight. The precipitate was centrifuged at

3500 rpm for 20 min and washed three wmesing ethanol and distilled water. The washed
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CZ(11) CSNswas collected on a ceramic crucible and dried in an oven ag 1@@8d finally
calcined at 36@ using a muffle furnace and the obtained crystalline nanostructure was stored
for the characterizatio(Kirubha & Palanisamy, @L4). The same procedure was repeated for the
synthesis of CZ(21) and CZ(23) CSNs.

3.7.2. Synthesis of CgO4@NiO Core-Shell Nanostructures

In the synthesis of G@.@NiIO (CN) CSNs, the three different concentration ratios of precursor
salts ofthe core to shell aterials CN(21), CN(11), and GRB) by keeping the concentration of
(Co(CHCO,)2.6H,0) constant (0.5 M) and varying the concentration of (N{CB.)..2H,0) as

0.25, 0.5, and 0.75 M, respectively. Unlike that of the CZ CSNs, the CN CSNs were synthesized
in two stepsFor exampleduring the synthesis of GI1), the first 50 mL oD. stramoniunieaf

extract was gradually added to 50 mL of 0.5 M (Co{C&,),.6H,O) and stirred for 4 h. To
adjust the pH of the mixture and enhance the precipitate formation, 0fINdOH was added

and further stirred for 30 min. tAthis step, theCo(OH), precipitatewas formed and

followed by the addition of precursor salt solution of shell material.

50 mL
: Extract

0.5 M NaOH

T | o ]
‘ . b Refrigerator = "
Stirred - overnight e
d = _—
4 hrsat * —
. l
S0 mL Co(OH), ppt
Ni(CH;CO,),.2H,0 Stirred Decant the
(30 min) supernatant
.? ¥ Washed x3
, % Ethanol and ¥
. Calcined ! D ng ind
| e 5
© At400°C el R | Dr\ in
r / oven
.. 4}
CN CSNs Metal hydroxide M(OH), dispersion

complex

Figure23: The schematic diagram of CN CSNs synthesis
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To develop the shell materials on the Co(@ptecipitate, 50 mL of 0.5 M Ni(C}CO,),.2H,O

was added and followed by the gradual addition of 50 mL of plant extract. The mixture was
stirred for another 4 h. After the completion of 4 h stirring, 0.1 M a®DN was added to adjust

the pH to 12 and stirred for 30 min. The CN(11) CSNs were keatrefrigerator for 12 h to
enrich precipitate formation and then centrifuged at 3500 rpm for 20 min and washed three times
using ethanol and distilled watefhe sameprocedure was repeated for CN(21) and CN(23)
CSNs by utilizing 0.25 and 0.75 M of Ni(GHO,)..2H,O salt, respectively. Finally, the
precipitate was collected on the ceramic crucible and dried in the oven aC108e dried CN

CSNs were calcined at 40C and kept for further analysRezket al, 2022)

3.7.3. Synthesis of CgOs@CuO Core-Shell Nanostructures

The CaO,@CuO (CC) CSNs were synthesized by utilizing the ags@xtract oD.stramonium

plant leaf, cobalt acetate hexahydrate (Co{CB:)..6H,O), and copper acetate dihydrate
(Cu(CHCOy,)2 2H,0) precursor saltby following the procedure shown in Figugd. In the
synthesis of CC CSNSs, the concentration of Cof@b})..6H,O was kept constant (0.5 M) and
Cu(CHCO,), 2H,0 was prepared in three different concentrations as 0.25, 0.5, and 0.75 M and
represented as CR1) CSNs,CC(11) CSNs, and C23) CSNs, respectivelyn the two step
synthesis of C21) CSNs, 50 mL ofplant leaf extract was added to 50 mL of 0.5 M
(Co(CHCO,)2.6H,0) and stirred for 4 h. Based on the literature, the pH was adjusted to 12 by
addition of 0.1 M of NaOH to enhance the precipitate formation and further stirred for 30 min.
Then, the shell was sthesized by the addition of 50 mL of 0.25 M Cu@C,),.2H,0O
precursor salt solution to the (@H), nanoparticle dispersioformed in the first step followed

by the addition of 50 mL of plant extract. The mixture was stirred for 4 h and the pH was
readjused to 12 by the addition of 0.1 M of NaGitd stirred for 30 min. The GZ1) CSNs was

kept ina refrigerator for 12 h to enhance precipitate formation and then centrifuged at 3500 rpm
for 20 min and washed three times using ethanol and distilled (vaBekateswarlet al, 2015)

The CC(11) and C(3) CSNs were also synthesized by following the sanoeeuure by
utilizing 0.5 and 0.75 M of Cu(C¥0,)..2H,0 salt, respectivelfGanesaret al, 2020) Finally,

the synthesize€SNswere collected on the cenic crucible and dried in the oven at 100D.

The dried CC CSNs were calcined 203C and kept for further analysis.
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Figure24: The schematic diagram of CC CSNs synthesis.

3.8. Characterization Techniques

The synthesized MONPs a@ENs by utilizingD. stramoniumeaf extracthave been confirmed

by using advanced characterization techniques. The proportion of weight loss of the MONPs and
CSNs samples was determined using TGA curves and compared to the relevant thermal changes
of the DTA peaks. The calcination temperature of MONPs BIQICSNs samples resulted from

the formation and decomposition of diffmt species, as represented in TGA/DTéves

(Ajarem et al, 2021) The appropriate temperature at which no weight loss occurred and
thermally stable with castant heat change was determined. At the School of Chemical and Food
Engineering, Bahir Dar University, Bahir Dar, thermal gravimetric analysis and differential
thermal analysiSHCT-3, Beijing Hengjiu Instrument, China) were used to determine the
temperatire at which MONPs antfOCSNs havdo be become calcined he heating rate was

103 /min and the hold timaere503 /min.

The MONPs andMOCSNs were also characterized using a-\Ji¥ spectrophotometdt.ambda
1050 (PerkinElmer, Japan)The absorptiorspectra werabtained using a spectrophotometer
between the wavelengths of 200 and 80. The absorption band and band gap energy of the
synthesized namparticles were revealed. During analydise MONPs and CSNs dispersed in

DMSO solvent, and the blank solution was placed in the lid of the sample changsanned
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within the selected weelength range and the absorbance spectrum was recorded. The generated
absorbance was drawn as aduon of wavelength anéurthermore the band gap energy was
also c#culated by using Tauc relation.

FT-IR spectroscopy has been used to describe the fypeounct i onal group pre
leaf and the synthesized nanoparticles.determine several functional groups, the synthesized
nanostructures were homogenized with a KBr pellet and analyzed using Fourier transform
infrared spectroscopy (FIR) (Bruker TENSOR27Spectrometer Germany)with a scanning

range of 4000 400 cni. The investigated function group resulted from the spectra appearing in

the FT-IR analysis.

The crystal structure and average crystallite sizBIONPs and CSNsvere analyzedby using

XRD (XRD-7000, SHIMADZU Corporation, Japan) which is furnished with a Cu metal used for
generating a Cu KU r adi acbrided im thevrangefrora-BD= The . 154 0 6
average crystallite sizes of all synthesized MONPs and CSNs wareniteed using Debye

S ¢ h e g forreufa @vritten in equation YXPerumalket al, 2024)

o — )

Where:

D i the average size of crystallite,

_ the wavelength of the Xay with values of 1.540Bf or C

K1 crystallite constat (0.94)

[ 1 the peak position (in degrees)

I T the full width at a halimaximum height
The XRD analysis of GfD4(12), CaO4(11), and CeO4( 2 1) NPs was per f or me«
radiation with a scanning rate of 0.16 deglfe characterization was perfordnet the
Department of Material Science and Engineering of Adama Science and Technology University.

QualX software was used to determine @& DScard number of the samples

Scanning electron microscojgnergy dispersive Xay Analysis(SEM-EDX, model Car8can
MV2300, Germany was used to investigate the morphgloand elemental compositioof
MONPs and CSNs. The characterization was performeategResearch Institute of Materials

Chemistry, Chungnam National University, Republic of Korea. The sample la@adpin the
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sample holder and moved to the instrument's stageng characterization, the incident electron
beam interacts with the sample, and secondary electrons are inelastically scattered from the
surface of the sample to provide higgsolution topgraphical information about the sample
surface.Furthermorethe elemental composition of the sampless determined by usingDX.

The EDX spectra of MONPs and CSNs samples were evaluated based on their percentage
abundance. The peak with the highest petage of abundance in samples was expected to be

the most intense.

The particlesize distribution, grain orientationand shapeof synthesized MONPs and CSNs
were determined by using TEM/HREM. The TEM employs an electron beam to photograph
the picture hat was used for identification. TEM can also be used to observaragsethe
core-shell structureSAED was used to determine the crystallinity nature of MONPs and CSNs.
The TEM/HRTEM (JEM-2100, USA)analysis was performeat the Department of Chenmigt
Chemistry Engineering, and Applied Chemistry at Chungnam National University in the
Republic of Korea. Finally, the particle size and distribution were determined by using Gatan

software and plotted by using origgoftware

3.9. Synthesis Mechanism of MethOxide Nanoparticles

In the phytochemical mediated MONPSs, the mechanistic electron interaction occurs in different
stages. Under the controlled temperature and pH, the phytochemicals from the extract donate
electrons to reduce metal ions to metal atomb. e-eleCtron donors such as amine, carboxyl,

and hydroxyl functional groups of phytochemicals are potential reducing agents and are
subsequently used as a capping agent to stabilize the metal nanoparticles by preventing
agglomeration. The initial stageviolves complexation, in which phenolic hydroxyl groups (OH)
form electrostatic complexes with metal ions, which are then reduced to metal atoms. The
resulting metal atoms undergo nucleation and form a cluster of metal nanoparticles. This is
followed by tke growth and coalescence of separate small nanopatrticles into larger ones that
occur through the coarsening process. This process continues until the particles become stable in
shape and size for nanoparticles. The phytochemicals interact with the metcbpstatic
interaction and form a protective coating that prevents particle growth. In an aqueous medium,

metal atoms react with hydroxide ions (@Hpresent in the solution, particularly if the pH is
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raised due to the presence of certain compountiseiplant extract as well as alkaline solution
added during synthesis. This reaction leads to the formation of metal hydroxides which can
further precipitate out of the solution. The metal hydroxide further undergoes oxidation under
exposure to an elevatedmperature that leads to the formation of MONPs (S. Hustaah,
2023,H. Singhet al, 2023)
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Figure25: Synthesis mechanism of taéoxide nanoparticle@ hatyanaet al., 2023)

3.10. Anticancer Activity
3.10.1.Cell Culture

Human breast cancer cells (MTJ and peripheral blood mononuclear cells (PBM@)e used

to study the cytotoxicity of synthesized samplECF7 was cultured in DMEM supplemented

with 10% fetal boine serum (FBS), 1%enicillin-streptomy¢ n , and 10 eg/ mL of
°C in a humidified incubator with a 5% GQtmosphere. Cells passaged at-gefluent

densities were used for further studigs Ali et al,, 2020)
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3.10.2.Cell Viability Assay

The cell viability was determined hysing standad MTT (3-(4, 5Dimethylthiazoi2-yl)-2, 5-
diphenyltetrazolium Bromide) reagent. The MZFand PBMC from the confluent flasks was
trypsinized and pled into 96 well tissue culture plates at a density of 3.0%céls/well. The

cells were treated with coantrations of 12.5, 25, 50, 100, 200, 400, and 800 pg/mL of CZ, CN,
and CC CSNs in triplicates. After 2dincubation, MTT solution (2.5 pg/mL) was added and
further incubated at 37 °C and 5% £fOr 4 h. The amount of colored formazan was determined
by measuring optical density (OD) using a TECAN microplate reader at 570 nm. OD values
were subjected to calculate the percentage of viability by using the following fo{Bwk.
Khanet al, 2021)

i r, , UETO®EE S ADCE QYDA NOQ
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3.11. Antibacterial Activities

The antibacterial activities of the synthesizes@g ZnO, NiO, and CuO NPs as well as CZ,

CN, and CC CSNs were evaluated using the disc diffusion metladinfibition efficiency of

the biologically synthesized NPs was studied for gpasitive §. aureusaand S. pyogengsand
gramnegative E. coliandP. aeruginosabacterial strains. In the disc diffusion method, 12 g of
broth agar was prepared in 200 nolf distilled water. The solution of nutrient agar was
dispensed onto the petri dish. The poured liquid nutrient agar was solidified on the petri dish and
well homogenized and the grown culture of the four bacteria was inoculated and kept on a shaker
at 35°C for 24 h at 200 rpm. The standard drug Ampicillin (positive control) was used in the
analysis to determine the antibacterial activities of all biologically synthesizedNngsjothi,

2022) In addition to tlis, DMSO was used as a solvent and negative control. Then, the
biologically synthesized NPs were applied to the gpasitive and grammegative in four
different concentrations (25, 58nd 100cg/mL). The plates were incubated at 37 °C for about

24 h andchecked for the zone of inhibition. The scale of the image was determined in

millimeters. The same procedure was followed for all nanoparticles synthesized in this work.
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3.12. Antioxidant Activities

The stable purple 2,-@iphenytl-picrylhydrazyl (DPPH) freeadical was utilized to investigate

the radical scavenging ability of biologically synthesized NPs. The activity was measured
following the modified procedure used in the previous work refiirt et al, 2017) A 4 mL of

100 ¢M DPPH was prepared in DSMO and added to
300, and 500 pg/mL. The mixture was sonicated and kepteirdaink chamber for 30 min and
followed by incubation at 37 + 2 °C for the same time. The-\4% absorbance of positive
control (ascorbic ad) and themixture of the same concentratioiere measured at 517 nm. All

the experiments were performed in tripteaand the average absorbance for each sample was
considered. Finally, the percentage scavenging capacity of NPs was determined using equation
(3) (Ajaremet al, 2022) The same procedure was followed for all metal oxide nanopatrticles and
CSNssyntheged in this work.

% Radical scavenging activity= ZpTT 3
3.13. Data Analysis

The generated data of synthesized NPs waesdysedand computed by usinMicrosoft Excel,

2013, Origin Prcsoftware, ImageJ software, and Gatan Microscopy Suite Software.
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4. Resultsand Discussios

4.1. Phytochemical analysis

The phytochemical constituensund in the aqueousextract ofD. stramaium plant leaf were
gualitatively screened by using the reagents listed inleT4. All phytochemical analgs
showed positive results exue steroids as the color changedicates the presence of
phytochemical constituent§Dubale et al, 2023) The analysis confirmed that alkaloids,
flavonoids, tannins, saponinghenol, phytosterols, glycosides, terpenoids, and anthraquinones
were among the major constitueitisthe D. stramoniumleaf extractas depicted irffFigure 26

and Table 4]M. A. Ali & Endalew, 2021 Corneliuset al, 2019)
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Figure26: Qualitatively analyzed result of selected phytochemical constitueBissifamonium
leaf extract.

In the qualitative screeningalkaloids, flavonoids, tannins, saposinphenol, steroids, and
anthraquinonesvere testeby ut i |l i zi ng watey;iirenrctdodde, buchaldkamd i n e,
Borntrager reagent, respectively. Salkowski reagent was also usddstigphytosterols,
glycosides, and terpenoids. As shown in FigRée the appearance of brown/reddish, white

froth, black, golden yellow, reddigbrown, brown, and red color ensured the presence of
alkaloids, flavonoids, tannins, saponins, phenol, phytosterols, glycosides, terpenoids, and
anthraquinones phytochemicalgspectively (Rehanaet al, 2017 Hashmi et al, 2021)

However, in the steroids tesb colorchangewas observe@hich isindicative of its absence.
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Table4: Some selected phytochemicals screened iqueoud. stramoniumeaf extract.

S.No Phytochemicals Reagents Result  Color
1 Alkaloids Wagner + Brown/redlish
2 Flavonoids Alkaline + White
3 Tannins FeCk + Green
4 Saponins Water ++ Froth
5 Phenol FeCk ++ Black
6 Phytosterols ~ Salkowski + Golden yellow
7 Glycosides Salkowski + Reddiskbrown
8 Steroids Burchard - No change
9 Terpenoids Salkowski + Brown
10 Anthraquinones Bontrager + Red

The ¢), (+), and (++) sigaindicate the absence, moderated high presence of phytochemicals
in aqueots leaf extract, respectively.

Similar phytochemical constituents of th& stramoniumplant extract wer reported in a
previous studyM. A. Ali & Endalew, 2021) Among the phytochemicals, the polyphegodups
are usedo reduce the metabns totheir zerovalentand as a capping agent to prevent the
agglomeration of nanoparticles during their syntheBise to this, the aqueous extract f
stramoniumwas utilizedfor the synthesis of GQ,4, ZnO, NiO, and CuO NPs ar@€lZ, CN, and
CCCSNSs.

4.2. Characterization of MONPs and CSNs
4.2.1. Thermal (TGA/DTA) Analysis

In this study, the thermal analysis of {0a, ZnO, NiO, and CuO NPs andz, CN, andCC

CSNs was operated within ange of¢ w Y 113t using thermogravimetric analysis coupled

with differential thermal analysis (TGRTA). For each case, 10 mg of the sample was analyzed
and the trend ofveight losswas recorded as the temperature rd$e TGA curvedepicted in

Figure 27 showed tlk removal of thermally unstable substasifeund in thesynthesized metal

oxide nanoparticles and the data were used to determine the calcination temperature. The
percentageveight lossof chemical constituents of MONPs has been determined from the curve

of TGA. The endothermic and exothermic energy changes of the sample were also determined
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from DTA curve The endothermic process evaporates the volatile molecules, while the
exothermic process involves chemical changes like oxidation reacfdAsnshown inFigure
27(a-d), from the TGA curvethe percentageveight loss and calcination temperature of the
MONPswere determinedAccordingly, the calcination temperatures 66;04, ZnO, NIO, and

CuO NPs were found to be 350, 480, 420, and 80@espectively(Moavi et al, 2021) The
compounds incorporated within the synthesized nanopartgtiel asvaterand several organic
molecules wergemovedbefore the temperature reached these calcinatiomtgpoThe TGA
curve in Figure27(a) showed the@emovalof extremelyvolatile moleculegp& P and water
molecules v& b (Fatimahet al, 2016) About p o f nonvolatile organic molecules have

beenremovedwithin the range of 243503 .

-

e
=
A

Weight loss (%)
DTAmWY) —
Weight loss (%)

v v v T v v T s 92 v 2 T - v ' - 3
100 200 300 400 500 600 700 800 100 200 300 400 S0 600 700 S00
Temperature ("c) Iemperature (°¢)

110

(d) —TGA | 25

100 4

°
=

DTA (pV)

(A" via

Woekght less (%)

10

80 +

40 ) S, T M M M T M
200 400 600 800 100 200 300 400 s00 600 700 800

Temperatare “C Temperatare (*c)

Figure27: TGA/DTA curves of the synthesized @ps;O,, (b) ZnO, (c) NiO, and (d) CuO
nanoparticles.

Similarly, in the TGA curve of ZnO NPsi@ o bp& ¢ Bandt® v lweight loss were observed
because of the removal of volatiteolecules, water, and some organic moleculesnfplant

extract, respectivelyNagajyothi et al, 2015) Unlike CgO, and ZnO NPsthe TGA curve of
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NiO and CuO NPs showed weight loss at twages. As indicated in Figu/(c) and (d), the
first weight loss about 11.85%nd 1.8% within the range of 3b0, and 3AL803 were found

to be water for NiO and CuO NPs, respectively. The loss observkd second stage was due to
the removal of some organic molecules of plant extract utilized duthegsynthesis of
nanoparticles. The percent loss for these organic mokewds found to be 33.96%, and 17.4%,
for NiO and C® NPs within the range of 27880, and 192903 , respectively. As shown in
the DTA curve, CaeO, ZnO, Ni-O, and CeO MONPs were formed in the temperature range of
300425, 306580, 336580, and 241003 , respectively.

The complementary infonation such as thermal chandmnd formation and weight loss of
CSNsas a function of temperature kgealso determined by using TGN A. The analysis was
done to determine thealcination temperature for MONPs an&I0s As depicted in Figur@s,
the synthesize€Z, CN, andCC CSNs became thermally statileyondo ¢hrt A T & ¢ 3th
respectivelyThe exothermic and endothermic heat occasions associated witeahehangef
CSNswere determined by using differential thernaalalysistechniques As shown in Figure
28(a) from the DTA peak, the heat waeasedlightly at 302°C and highly at 338 °CSuchan

intense peals believed to be due to the formation of metaygen bonds.

In Figure B(b), it is evident thaCN CSNs exhibit heat absorption peaks at 38 °C and 295 °C,
facilitating weight los, and subsequently releababsorbedheat at 430°CThe endothermic

peak ofCC CSNs at 50 °C and 284 °C and the exothermic peak at 206 °C and 390 °C were also
presented in Figure8pc) (Deviet al., 2014)

The percentage weight losses of synthesized CSNs were explored from the TGA curve as
depicted in Figur@8 The change in physical properties of the CSNs was monitored as a function
of controlled temperature chang&s shown in the TGA curve plotted in Figur&&), CZ CSNs
became stable a temperature 06 @ 3t and onwards. In the curve, tiemoval of some
molecules such as ethanol, water, and organic bioactive molecules from the plant extract was
observed at diérent stages. The first two weight losses @& v Rnd @& x Pecordedwvere due

to theremovalof volatile compoundsnd water respectively, whereas, the remaining two steps
(9.01 and 17.2%) were due to ttemovalof organic moleculesf the plant extractin general,

about 37.93% weight of the sample was lost in the theamalysisof CZ CSNswithin the
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temperature range of 38603 . The difference irthe stages of weight loss elieved to be the
formation of a hydrogellike structure between metphytochemical and phytochemisal
phytochemicad
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Figure28. TGA/DTA curve of the synthesized (&%, (b) O\, and (c) CC corshell
nanostructures

This supportedhat the CZ CSNs were capped by the phytochemicals of the plant ekirtu.

TGA analysis shown in FigureBgh), the curve for CN CSNs showed weight loss at three stages.
The weight loss of CN CSNsas found to be about 1.8%, 5.8%, and 13% which was associated
with volatile molecules water, and bioactive molecules from plant extract utilized during
synthesis. In the case of CC CSNs, weight loss of about 4.4% and 15.66% were associated with
water anl bioactive molecules. As depicted in FiguBé, from the TGA curve it can be noted

that above a temperature 303 hthe CC CSNs were found to be thermally stgflaget al,

2015)
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Generally, as observed from AETA curve analysis, the synthesiz€b;0,4, ZnO, NiO,and

CuO nanoparticles an@€Z, CN, and CC CSNs were found to be stableeyond different
temperatures. The thermal stability@d;O, core material was increased when coated with ZnO
and NiO shell mategis. The arrangement of atoms within theeesinell material was restricted

due to the confinement effect. This effect stabilized the CSNs by preventing structural
decomposition and transformation at high temperatures. However, in the c@€eG8Ns, the
lower calcination temperaturef the CuO shell affects the overall thermal stability of @&Ns

This is mostly believed to be due to the difference in the coefficient of thermal expansion and
compatibility of the CgO,4 core and CuO shell@hanget al, 2014 Rocchettiet al, 2016) The
exothermic cure of DTA observed in the range of 3280, 296440, and 23803 hindicates

the formatiorof Co/Zn-O, Co/N+O, and Co/CtO, respectively.

4.2.2. UV-Vis Analysis

The synthesize@€0;0., ZnO, NiO, and CUOMONPsandCZ, CN, andCC CSNswere analyzed

by using U\ Visible spectroscopy. As shown in Figu28, the absorption band dfIONPs
synthesized in (1:1), (1:2), and (2:1) volume ratios waeasured The analysis was done by
using U\-Vis spectroscopy within the range of 2800 nm wavelengths. The absorlidd-Vis

light by the synthesized nanoparticles was recorded and usednidrgba energy calculation.

From the generated data, the values of absorbance for these nanoparticles varied mainly due to
their size. TheMONPs absorbUV-Vis light at a specific wavelength and cause electron
transition between thealance band and condumti band ohanoparticlesAs indicated in Figure

29(a), the absorption spectra of gm(11), Ca04(12), and CeO4(21) NPs weraneasuredand

their band appeared at two different wavelengths. The absorption bands obs@l@di=d 276

nm were associated Wi Co04(11) NPs, wherea88 and 338 nm correspond @m;O4 (12),

and 368 and 417 nm belong @n30, (21) NPs, respectively. The absorption bands observed
relatively at shorter and longer wavelengths in each spectrum were due to the charge transfer
fromO*Y Cloand Y CrespectivelfRavi Dhaset al, 2015) The absorption bands of
ZnO(11), ZnO(12), and ZnR1) NPs were275, 334, and 382 nm which are represented in
Figure29(b). The broadband shown in the absorption band of ZnO NPs in all the ratios was due

to the wide range of particle size distribution. The difference in particle size distribution affects
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the distribution ofenergy levels within the particles and causes the broadening of the absorption

spectrum.
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Figure29: UV-visible absorption spectra of (a) £, (b) ZnO, (c) NiO, and (d) CuO NPs
synthesized in (1:1), (1:2), and (2:1) volumeast

Additionally, the absorption spectra NfO(11), NiO(12), and NiO(21) NPs were foundZ4,

296, and 310 nm which is represented in Fif@E), whereauO(11), CuO(12), and CuO(21)

NPs were found a295 335, and 344 nm as depicted in Figaeg¢d). In general,CuO(11) NPs
typically exhibit a blue shift in absorption due to quantum effects but show lower intensity at
these shorter wavelengths which is believed to be less concentration and dispersion of the
particles.The absorption bands that ocadrin ZnO, NiO, and CuO NPs analysis were due to

the charge transfer from ©Oto zn%, Ni**, and Cd@", respectively(Haq, Dildar,et al, 2021

Aldeen et al, 2022) Furthermore, among the ratios of all MONPs synthesized within three

different ratios, (2:1) absorb atlonger wavelength. This is due to its relalyéarge size. As
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shown in Figure29(a-d), the particle size increases in the order of (1:1), (1:2), and (2:1) volume
ratios which enabled the particles to absorb\4¥ light at different wavelength

The band gap energy of metal oxide nanoparticles with small sizes was calculatedtzerd fu
characterized with advanced instrumefitise Tauc relation was used to calculate the band gap
energy as shown in equatiof) (Haq, Abbasigt al, 2021)

I Dd® 0® 0Q 4)

Where F(r) is the Kubelk®unk function,”Q is the photon energy, and, Eefers to band gap
energy. The band gap energy values aff metal oxide nanoparticles were obtained using
extrapdation methods. As shown in Figur®,3he band gap d€0304, ZnO, NIO, and CuO NPs

was found to be.06, 3.58, 3.45, and 2.88 eV, respectivé@lyge broad absorption band of ZnO

NPs is due tohewide range of particle size distributiolm. contrast to thie corresponding bulk,

the band gap valuedicates that the MONPs absorb visible light at shorter wavelg(aifawo

et al., 2018) The blue shift is because of the large band gap energy between the valance and
conduction band in nanoparticles. In general, the band gap eng€gy@f ZnO, NiO, and CuO

NPs waslarger than their corresponding parent bulk mateff@amnesaret al, 202Q Dewi et al,,

2019 Karam & Abdulrahman, 2022)
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Figure30: The band gap of (a) G0, (b) ZnO, (c) NiO, and (d) CuO metal oxide nanopatrticles.

Similarly, the absorptiobandof synthesizedCZ, CN, andCC CSNsmeasured by using a UV

Vis spectrometers shown in Figur&1l(a-c). In UV-Vis analysis, the metal of the core and shell
interact with incident visible light and cause oscillation of conduction electrons. The incident
visible light is coupled with the oscillation of conduction electrons of CSNs and the optically
active CSNssamples exhibit a plasmon resonance pAakepresented in Figuil, the spectra

show two different absorption bands which are believed to be associdkethevabsorption of

core and shell material3he absorption band aZ CSNs synthesized by utilizing sati-salt
concentration ratios was observed within the range of3580nm. As depicted in Figu@l(a),

the absorption peak of (11), (21), and (PB3cursor saltoncentration ratios were found to be

245, 250, and 254 nm which are associated with shell and 290, 315, and 320 nm that associated

with core materials, respectivel@imilarly, the CN CSNs absorbed the UVis light at two

76



different wavelendts. As depicted in Figurgl(b), the characteristic absorption peak appeared at
240(11),254(21), and260 nm(23) and absorption peak 306 (11),322(21), and330 nm(23)
were associated with NiO shell and ;0@ core nanoparticlesrespectively Additionally, the
absorption peakof CC CSNs vas determined from the absorbance spectrum in terms of
absorbance as a function of wavelength. As indicated in FRA{md, the CgO,4 core and CuO
shell absorb visible light and result in two different absorptioakpe The first spectrum
appeared at a shorter wavelength and was formed because\osUight absorption by the core
and the second band is due to shell material. The absorption peak obs@4d@(lLa)y, 285(21),
and288 nm(23) and absorption peak &t2(11),354(21), and358(23) nm were believed to be
the absorbance due to £t core and with CuO shell nanoparticles, respectively.

In the case ofCZ and CN CSNs, the absorption peaks due to the shell appeared at a shorter
wavelength, whereas @C,t he peak was observed at amxl onger
shift is due to the size and band gap energy differeficare and shell materials. From the
absorption measured in nm, the band gap energy was determined by extrapolation using Tauc
plotsof the square root of the absorption coefficient as a function of energy. As shown in Figure
31(d-f), the band gap energy of cesbell nanoparticles with smalize(11) wascalculatedrom

the intercept of an extrapolated line.

As demonstrated in Figer31(d), the band gap energy of the :0g core and ZnO shell were

found to be 3.58 and 3.82 eV, respectively. Based on the electronic nature and particle size of the
core and shell materialslectrors areexcited fromthe valance band to the conductiombaln

the CZ CSNs, the core and shell particles interaction induces a change in the electronic structure
and band gap energy arrangement which increases the gap between the valance band and
conduction band. The band gap energbdf CSNs wasalso investigted and shown in Figure

31(e). The CgO,4 core and NiO shell exhibit their characteristic band gap energy. From Figure
31(e), the calculated band gap energy values of 3.68 and 4.52 eV were believed to be associated
with the Cq@O,4 core and NiO shell. The bd gap energy od£C CSNs was determined from the
intersection of the extrapolated line with theaxs as shown in i§ure 31(f). The band gap
energies o030, and CuO NPs i€C CSNs were evaluatedoim the plot to be 3.15 and 2.95

eV, respectively.The ircrease in energy resulted in absorbing visible light at a shorter

wavelength.
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Figure31: UV-visible optical absorption spectra of (a) CZ, (b) CN, and (c) CC and their band
gap energy of (d) CZ, (e) CN, and (f) CC CSNs.

4.2.3. Functional Group Analysis

The different functional groups presentDn stramoniumleaf extract and the synthesized metal
oxide nanoparticles as well as the respec@&Nswere assessed using FTIR analysis. The
analysis was performed within the range of 4@00 cm* and different spectral peaks were
observed at different regions of spectra. These spectral data were used to determine the
functional group present in the bioactive molecules of plant leaf extract based on the peak value
in the region of infrared raakion. The spectra depicted that the bond in these functional groups
interacts with infrared allowing the appearance of different spectra at different wave numbers. As
shown in Figure32 the broad absorption band at ~3448'dsdue to the stretching &-H of a
phenolic group found ithe D. stramoniunplant(Babikeret al, 2017) The dsorption banslat

2925 and 288 cmi’ were due to €H asymmetric and symmetric stretching vibratioups,
respectively(lkhmal et al, 2018) The symmetric stretching of th€H,- groups is charaeristic

of aliphatic compounds, such as lecigain fatty acids and alkanesdditionally, the absorption

band observed at 1638 ¢mwas due to the presence of C=C. The bands that appeared at 1390
cm* were due to the presence lénding vibration ofc-H groupsof aldehyde Similarly, the
absorption band of © stretching vibrations of thghenolic hydroxyland C-N vibration ofthe

amide groups were found to be at 1245 and 145 respectively(Youniset al, 2021)
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Figure32: The FTIR spectra dD. stramoniunplant leaf powder

The chemicabond vibration ofsynthesized metal oxide nanoparticlesz@» ZnO, NiO, and
CuO NPs was predicted by amuring the absorption of infrared rays. The FTIR analysis was
done to identify thdfunctional groups that wereesponsible for the formation of metal oxide
nanoparticles. However, most of the secondary metabolites predensiramoniunplant leaf
extract were removedduring calcination. Themetal oxygenbond stretching of G®,, ZnO,
NiO, and CuO NPs wasivestigated as indicated in Figus&. In the analysis of all four metal
oxides, the spectra of the organic functional groups involved in the redactibcapping of the
synthesized NPs were not observed. The disappearance of those functional groups was due to the
calcination of synthesized nanopatrticles at high temperaturesndtia¢ oxide bondsuch as Co

O, Zn0O, Ni-O, and CuO were revealed in thgpectra. In the case of & NPs, two successive
stretching vibrations were observed. Basicallyz@ad\Ps contain two mixed valances, namely
Cc®" and CG* ions that form C8-O and C38'-O, respectively. The tetrahedrally coordinated
Co®" and octahedrall Co®* ions undergo stretching vibration at 648 and 402 crespectively.
Additionally, two extra spectra were observed along withGzdNPs. Due to the large surface
area of nanopatrticles, G@olecules can be adsorbed and develop intermolecular f@uaeag

FTIR analysis, the adsorbed €@olecules undergo two characteristic bending vibration modes.

As indicated in Figur&3 of Co;04 NPs spectra, COmoleculesabsobed from the atmosphere
exhibit absorption barslat 1424 and 874 cm respectively, Wich is due to the fermi resonance
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between symmetric stretching and bending and bending vibratiorOo6f0CQ,. In addition, the
FTIR spectrum of synthesized ZnO NPs showed absorptidd%tni' wave numbewhich is
associated with, the stretching vibeoat of the ZRO bond in the sample.hE presence dfli-O

and CuO bonds was confirmed by FTIR analysis. In the spectrum of NiO NPs the absorption
spectra associated with i stretching vibration appeared at 588’onhereas, CtO stretching
vibration wasobserved at 504 ci{Olajire & Mohammed, 202(Mlahalakshmet al, 2020)
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Figure33: FTIR spectra of Cg,, ZnO, NiO, and CuO NPs from bottom tiptorder.

Similarly, the FTIR analysis of synthesiz€&, CN, andCC CSNswasdone in the same range.

As showninFigur&4, t he functional groups seen in the
appear in the spectra @Z, CN, and CC CSNs. The abseacof functional groups of the
phytochemicals in the spectra of CSNs indicated that these functional groups involved in the
reduction process wereemoved during calination. As depicted in Figure4, different
absorption bands &@Z spectra at 864, 470, @402 cnt, CN spectra at 1355, 498, add2cm

! andCC 1890, 821, 598 and 424 Erwere observedn the case o€Z CSNs, the absence of a
broad absorption band was due to the calcinatiol€8fCSNs at a high temperature that
degrades and eliminates thiganic functional groups. The characteristic broader peakrved

at 864 cm was due to theendingvibration of GO of CO, molecules. The stretching vibration
modes of ZrO and C8*"-O were also found at 470 and 402 tmespectively. Thé&unctional

group present in the biogenically synthesiz€Nl CSNs was also analyzeth the synthesized
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CN CSNs prominent groups showed absorption peaks at different wave numbéls fsn
shown in Figure84, the alsorption peakhat appeared at 1355 ¢iis due tathe fermi resonance
between symmetry streticiy and bending o€-O of CQ, adsorbed from the atmosphere on the
surface othe sample(Lushchikovaet al, 2021)

Additionally, the absorption peak fahe Ni-O stretching vibration bond, and & stretching

vibration bond were found at 498, and 412 crrespectiely. As shown in Figure34, at the

higher absorption wave number, the absence of peaks indicates that the synthesized sample was
calcined for 5 h at which the bioactive molecules weraoved The chemical constituents of

CC CSNs were also identified by rasuring the absorption band at different wave numbers.
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Figure34: The FTIR spectral analysis of CZ, CN, and CC esghell nanostructures

The absorption band seen at 821 cis1beleved to bethe bending of € in a CQ molecte.
Additionally, the distinctive spectra that appeared at 598 and 424veme associated with Cu
O stretching vibration G6™*-O groups, respectivelfDewi et al., 2019)

4.2.4. X-Ray Diffraction (XRD) Analysis
The valuable inforntégon such agrystal structureaveragecrystallite size, and crystallographic
orientation of MONPs and CSNs were investigated by using XRD spectroscopy. The average
crystallte sizes of CgD4(12), Ca04(11), and CeO4(21) NPs synthesizedtilizing 0.5 M of
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Co(CH;CO,)2.6H,0 andplant leaf extract were found to be 14, 11, and 16 nm, respectively. In
the synthesis of GO, (11), the use of equal volumes of precursor salt and plant extract resulted
in a small average crystaéi size of the particles. In the case otQG«f12), the volume of plant
extract was twice that of precursor salt, in which the excess amount of phytochémécatsed

with each other rather than reducing the nanoparticles and resulted in the large averageecrystalli
size of the particles in constaito CaO4(11). The XRD patterns of GO4(12), CaO4(11), and
C0304(21) NPs were shown in Figui@(a) and demonstrated strong and distinct diffraction
patterns at [2 with corresponding crystal planes 19° (111), 31.2° (220), 36.82° (311), 38.5°
(222), 44.8° (400), 59.32° (511), and 65.24° (440). All the diffraction peaks #63,0¢Ps were
indexed and fitted thetandard data (JCPDS Card No:¥4567). The cubic structe of CgO4

NPs was revealed from XRD analysis (space group3rafl The length of cubic lattice
parameters in which a = b = ¢ was calculated using the formula given in equ@tiam the
Appendix section)The calculated lattice parameter value wasta—c = 0.8074012 nm which
matched with d@heoreticav al ue of 0.8072904 nm |l ength with &

Similarly, average crystale sizes of ZnO(d), ZnQ(11), and Zn@21) synthesizedising0.5 M

of Zn(CH;CO,),.2H,0 andplant leaf extract were found to be 18, 17, and 19 nm, respectively.

The XRD peaks of ZnO NPs were depicted in Figgsb) whi ch revealed at 2d
43.32, 54.56, 63.66, 70, @nd 76° and indexed to tk&00), (002, (107, (012, (110, (013,

(112, and(201) planes respectivelyThe hexagonal wurtzite crystalrsicture of ZnO NPs was

also investigated from XRD analysihe diffraction peaks of ZnO NPs were fitted with their
corresponding standard data JCPDS Card OIb070-8072 The lattice parameters of the
hexagonal wurtzite structure of ZnO NPs (a = b) wee calculated using the formula shown in

equation 6) (in the Appendix section)Azamet al.,, 2009)

Where a, b, and c are the axial length of a unit cell, (hkl) is Miller indices and d is the inter
planar spacing of theocresponding planes. The lattice parameter values (a = b) and c for
hexagonal structur@) = b, =a rOd )dof ZaO NP2 Were found to be 0.324017 nm and
0.519454 nm, respectively. The calculated length of lattice parameters (a = b) and ¢ of ZnO NPs
strongly fit theexperimentalalues of 13247814 and 0.5198413 nm, respectively.
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Figure 35. The X-ray diffraction patterns of (a) @04, (b) ZnO, (c) NIiO, and (d) CuO NPs.

The X-ray diffraction patterns of biogenically synthesized NiPsaredepicted in Figur&5(c).

The diffraction pattern of NiO NPs synthesizedthree volume ratios such th@at?2), (1:1), and
2)wer e obtained from XRD analysis. T h3A2,peaks
63.06 75.56, and 79.58° which matched with the miller indices of (111), (200), (220), (311), and
(222) planes, respectively. The obtained result was complementedheigrevious work and
properly matched the standard database JCPDS card-033a519 of NiO NPs. Furthermore,

the average crystaii sizes of biogenically synthesized NiO NParecalculated using Debye
Scherrer 6s f or mullp They @lculatedeameragerncrysttdlj siza of IN®D MNPs(
synthesized within volume ratios &iO (12), NiO(11), andNiO(21) were found to be 15, 12,

and 17 nm, respectivelit was also found that the particles have a-famstered cubic structure
with space group Z2 Fm3m. In the crystal structure of NiO NPs, the lattice parametesr w
found to be a=b=c=4.202d4m with a lattice angle ofU = b 3. The caiculded lattice

parameter values were matched with the theoretical 41268
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The formation of CuO NPswasconfirmed by the XRD datanalysis. As shown in Figure @5,

the characteristic diffraction peaks of CuO NPs synthesized in (1:2), (1:1), and (2:1) volume
ratios were observed which corresponds with the arrangement of atoms in the crystal lattice of
the samples. The XRD pattern exhibited peaks[aajles around 32.66, 35.6°, 38.8°, 48.9°,

53.6°, 58.4° 61.6°, 66.4°, 68,2and 75.3 which correspond to th€l10), (111), (200), (202),

(112), (020), (113), (311), (220), and (004) crystallographic planes of CuO NPs, respectively.
The diffraction peak of all three ratios were found to be in good agreement with standard
JCPDS with card number @X73-6372 which confirms the formation of CuO NPs. The ayera
crystallte particle size of1:2), (1:1), and (2:1) volume ratios of CuO NPs were calculated usi
Debye Scherrer 6s equ d,tandahe vauesiwere feumd to be 14 §Buli7t at |
nm, respectively. The difference observed in the average crgswfle of the particle is due to

the difference in the volume of plant extract. The swiakt of CuO(1) NPs was because of the
sufficient concentration of bioactive molecules required to reduce the metal lendifffaction

peaks in Figure 38) indicated that the CuO NPs have a monoclinic crystal structure with lattice
parametersa b cwi t h B angl es. The theCu® NRs strugueemsa met er
calculated using equatio?) (in the Appendix sectionNzilu et al,, 2023)

Using equationX2), the values of the lattice parametdra b ¢ of CuO NPs were found to
be 4.26, 3.5, and 4.98m, respectively. The theoretical values of & c of were 4.67, 3.43,
and 5.12nmwi t h | atticewmmgf e @spécthlelywhich strongly support

the experimental results.

The expeimental data of the diffraction angle of the newly synthesized partidigsf(2 width

at half maximum (FWHM), inteplanar distance (d), and lattice parameter for ZnO NPs have
been generated from the XRD diffraction pattern peaks. All the experimyentatkined data

were highly matched with the standard values of ZnO NPs. T§pgacdng values of ZnO NPs

were found to be 0.2809, 0.2597, 0.247, 0.190, 0.1623, 0.148, and 0.137 nm referring to the
corresponding planes with indices (100), (002), (101), }0(2L0), (013), and (112). All the
experimental values found between planes of ZnO NPs obtained from data of XRD were fully

matched in the first two decimals in the standard data.
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The X-ray diffraction patterns o£Z, CN, andCC CSNsof all concentratiomatiosare depicted
shown in Figure86(a-c). The XRD patterns dZ(11) CSNs and parent particles such ag@;o

and ZnO NPs were also shown in Fig@&d). In XRD analysis, the electrons of both the core
and shell nanostructure scattered theay}s and poduced different constructive interference
patterns with different intensities. The diffraction peaks observed in separgir BBs and

ZnO NPs haveappeared in the biosynthesizedre&shell NPs which are consistent with other
previous reports. The leg#tense diffraction peaks were observed at 31.86, 56.66, 59.12, 65.14,
and 68.06 of¢] values which weressigned to the crystal planes with miller indices (220),
(442), (511), (440), and (522)espectively, which correspond to £ NPs(Wahabet al,
2021) The intense peak of ZnO shell NPs was seejj atalues 0f34.52, 36.34, 47.71, 56.68,
62.96, and 68.06 whicleorrespond to(002), (101), (012), (110), (112), and (013) planes
respectively. As shown in FiguB®(a), all the difraction peaks of th€Z coreshell NPs within
CZ(21),CZ(11), andCZ(23) have fitted the peaks of the corresponding parent particles which is
similar to the previous work repaITurki, 2018).

In addition b this, the formation of alCZ synthesized in (2:1), (1:1), and (2:3) concentration
ratios correctly matched the standard database of JCPDS card-68995806. The average
crystallte size ofin situ synthesizedCZ coreshell NPs habeen calculated usy the formula
shown in equationl). The average crystal sizes ©Z(21), CZ(11), andCZ(23) were found to

be¢ 1¢ ¢and¢ \m, respectively. Relatively, the calculated average crystadize ofCZ(11)

was found to be; qom which is smaller than the owratios. The difference in the average
crystallte size ofCZ coreshell NPs is due to the variation in ZnO NPs in their concentration. In
the case 0€Z(221), the excess amount of phytochemicals present in the leaf extract is believed
to compete with edr other rather than reduce the NPs. But, iB8Z(23), the number of
phytochemicals present in the extract was less and not enough to reduce and cap the NPs which
resulted in the agglomeration of NPshe calculated lattice parametersté cubic core vere
found to be a=b=c=868 nm, whereas, th&éexagonal wurtziteshell was revealed with
a=b=0.318 and cH.5192nm. The calculated lattice parameter of the core exceeds the theoretical

value by 0.054 nm, which indicates the strain stretching.
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Figure36: The X-ray diffraction patterns of (a) CZ, (b) CN, (c) CC CSNs, (d) CZ CSNsDLo
NPs, and ZnO NPs, (e) CN CSNs,;09NPs and NiO NPs, and (f) CC CSNs,309NPs, and
CuO NPs.

As depicted in Figur86(e), the diffraction peak with miliendices of (220), (111), (222), (200),
(511), (220) , (311), and (222) at 2d values o
79.34°, respectively were obtained. The combination of plane lattice and diffraction paftern

CN CSNsindicated he formation ofa core and shell which agreed with the previous work
(Sanadet al, 2021) Furthermore, the average crystallsizes of biogenically synthesiz&N

CSNsin (21), (11), and (23) concentration ratiegere calculated using Deby®c her r er 6 s
formula written in eqgation (). The calculated average crystilisize ofCN(21), CN(11), and

CN(23) CSNswere found to be 14, 13, and 16 nm, respectively. Reasonably, the calculated
average crystate size of CN(11) is smaller than the two ratios due to the optimum
concentation and volume ratios of precursor salt to plant extract. In the caShi(@8) CSNs

the amount of bioactive molecules present in the extract was not enough to reduce the size and
capped the nanoparticles and this led to the agglomeration of partidessalted in large size.
Whereas irCN(21) the excess amount of phytochemicals present in the leaf extract is believed to
reduce very small size which can undergo nucleation and agglomeration. As shown in Figure

36(e), the plane of the core material daifted the Xray radiation from the plane (220), (222),
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(400) , and (511) at, 3248, andabb.6Me whereak thed dlane2a? shell3 6 . 8
mat er i al di ffracted from the plane (111), (20
63.06°, B.56, and 79.58°, respectively. Some peaks of the shell material are more intense and
some are less intense than that of core materials. This indicated that;@eNRs were not

fully enclosed by the shell NiO NPs. As shown in Fig@6¢b), all the diffaction peaks of
biosynthesizedCN CSNs within all concentration ratios have fitted the peak of corresponding
parent particles which is similar to the previous work report. In addition to this, the formation of

all CN CSNsratioscorrectly matched the staadl datahse JCPDS card no.0@1-1057.The
facecentered cubic(space grow225:Fm3m) crystal structure ofthe shell with a lattice

parameter a=b=c=0.368 nm@mnd cubic core with lattice parameter a=b=c=0.768 nm were
investigated from XDR analysi€ompaed to the theoretical value of the core (0.810 nm), the

lattice parameter decreased by 0.042 nm due to strain stress.

The crystalline structure and average crysealiarticle size of twstep basedC CSNs were
determined using XRD analysis. Figusé(c) shows the XRD pattern &8C CSNs synthesized

in three different concentration ratios, nam@yl), (1:1), and (2:3) CSN3he XRD diffraction

peak with miller indices of all the three ratios were found to be (111), (220), (110), (111), (311),
(200), (400 , (202), (113), (311), and (22®266,at the
35.6, 36.82, 38.8, 44.8, 48.9, 61.6, 66.4, andBb8&3pectively. As indicated in Figug&(f) the

XRD diffraction pattern appeared at 19, 3138,82, and 44.8 belongs to the C@O, core NPs,
whereas 32.66, 35.6, 38.8, 48.9, 61.6, 6&rH 68.2 belongs to CuO shell NPs. In the XRD
analysis ofCC CSNs, the peak ahe CuO NPs shell is more intense than that of@ocore

NPs. The intense peak of shell material indidateat CuO NPs were found on the surface of
Coz04 core NPs and is believed to be that the shell was thicker and covei®d cooe NPs.
Additionally, the average crysta#i sizesCC(21), CC(11), andCC(23) CSNs were found to be

17, 15, and 20 nm, respeatly. Figure38(f) indicates the XRD diffraction peak that appeared in

the CC CSNs matchs with the peak of single metal oxide nanoparticladditionally, the
monoclinic crystal structure (15C12/cl space group) dhe shell was obtained from XRD
analyss. The calculated lattice parameters of the CuO shell were found to be a=0.45843,
b=0.34012, and ¢=0.5098 nm, whereas the experimental values were a=0.4674, b=0.34311, and
c=0.51222 nmSimilarly, the lattice parameter of the cubic :0g core was found tte 0.764

nm and is less than the theoretical value by 0.046 nm.
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4.2.5. SEM-EDX Analysis

The morphology of the MONPs (€04, ZnO, NiO, and CuO NPs) and the CSKZ(CN, and

CC) were analyed by usinghe SEM instrument The SEM images provide an estimate of the
average size and size distribution of the nanoparticles present in the synthesized nanoparticles.
Figure 37(a, c, e, and g) depicted the SEMage and29(b, d, f, andh) the EDX spectra of

Co0304, ZnO, NIO, and CuO NPs, respectivelihe rodlike shape of 6304, peacock wingike

shape of ZnO, and the spherical shape of NiO, and CuO NPs have been observed from the SEM
analysis. The elemental composition of;0g ZnO, NiO, and CuO NPs was also determined
from energydispersive Xray spectroscopy analysis. Aown in Figure37(b), the 100%
elemental composition of GO, NPs confirms the presence of only Co and O which assured that
the synthesized nanoparticles were free of any impurity. pBO£PsS, the elemental percentage

of Co and O were found to be 350865%, respectively. As shown in Figu8&b), the high
intense peak indicated that the oxygen element found in synthesiz€d EBs is more in
percent. In the stoichiometry of g, NPs, the ratio of Co:O is 3:4 in which the characteristic
X-ray emittedby oxygen in the sample resulted in the intense peak. Similarl§ Dikeanalysis

of ZnO NPs indicates the presence of Zn and O elements with their elemental percentage
composition of 56.8 and 43.2%, respectively. Unlike that o§Qpd\Ps, the elemental
percentage of Zn metal is higher than that of oxygen in ZnO NPs. As depicted in Fifuixe

the most intense peak obtained fr&DX corresponds to the number ofrays detected, which

is proportional to the percentage of Zn element in the sample. As shdvigure37(f) and (h),

the EDX spectra of NiO and CuO NPs were presented respectively. The elemental percentage of
Ni and O investigated from thEDX spectrum of NiO was found to be 66.3 and 33.7%,
respectively. Additionally, the elemental analysis guodity of CuO NPs were determined by
using EDX spectra as shown in FiguBd(h). The sharp and intense peaks of Cu and O atoms
confirmed the presence of CuO NPs. The percentage composition of Cu aasir€vealed to

be 52.4 and 47.6%, respectively, whiehsured the absence of any other impurity in the

synthesized CuO nanoparticles.
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Figure37: (a) SEM image of Cs4, (b) EDX of CaOy4, (¢) SEM image of ZnO, (d) EDX of
ZnO, (e) SEM of NiO, (f) EDX of NiO, (g) SEM of CuO, and (hpK of CuO NPs.

The meanparticle size oD.stramoniumplant leaf extract mediated @, ZnO, NiO, and CuO

NPs was calculated from the SEM images depicted in FBji(eg, (c), (e), and (g), respectively.
The individual diameter of the NPs was measuredy foimes and analyzed using Gatan
software.The meanpatrticle size of synthesized nanoparticles obtained from the SEM image was
investigated usinghe Gaussian Fit mode of the histogram graph. Allntleanparticle sizes of
Co304, Zn0O, NIO, and CuO NPs aallated from their SEM images using Gatan software were

different.

As depicted in Figure®a) themeanparticle size of CgD; NPs was found to be 43.p8t d |.

The distribution curve of the histogram graph showed the size distribution within the range of
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