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A B S T R A C T

With the passage of time there is enormous development in the field of science and technology, however, human health remained the utmost 
concern. There are different strategies that helps us to treat various diseases but they have adverse reactions on our bodies. Nanobiotechnology is the 
advanced field consisting of new techniques and fabrication procedures for nanostructures for making drugs more effective against diseases in less 
time. These bio-nanoparticles easily target diseased cells, bind to them and damage the diseased tissue. Green synthesis of CuONPs is multi-purposed 
and can also be used for several bio-applications. The present study involves fabrication of economically viable copper oxide nanoparticles using 
aqueous plant extracts. The medicinal plants used in current study were Euphorbia serpens. The orchestrated nanoparticles were validated using 
several analytical techniques; Ultraviolet–Visible spectroscopy, XRD, SEM, FT-IR (Fourier-transform infrared), EDS, FT-IR and DLS (Dynamic light 
scattering). The average/mean size of the greenly fabricated nanoparticles was found to be 20.39 nm. Further, the biosynthesized NPs were 
evaluated for multiple biological activities. The bactericidal properties of green synthesized NPs were demonstrated using different bacterial strains 
revealing significant antibacterial potentials. The fungicidal properties were also demonstrated using different fungal strains showing significant 
antifungal potential. The minimum inhibitory concentration (MICs) values were calculated for different bacterial and fungal strains via disc- 
diffusion method. Further, our Euphorbia serpens orchestrated nanoparticles revealed excellent cytotoxic potentials against nascent brine shrimp 
larvae (IC50: 32.88 μg/mL) and have shown potential antioxidant properties. In conclusion, the asynthesized nanoparticles have shown significant 
in vitro bio-potentials. In future, different in vitro activities; antileishmanial, anticancer, enzyme degradation assays and different in vivo studies using 
animal models are recommended to further investigate the role of these NPs in different biomedical applications. Also, the formulations of multi- 
organic functional groups and biometallic NPs with regulated/balanced surface chemistry is worthy for the consideration.

1. Nanotechnology: A new frontier

Nanotechnology is one of emerging field of science, engineering and technology dealing materials at nanoscale.The term nano is 
derived from Greek language, mean minute/microscopic [1]. Nanoscience involves the study and applications of extremely small 
things and can be used in all sciences such as chemistry, biology, physics, material science and engineering [2,3]. Nanotechnology has 
diversified applications; imaging, modeling, designing, production and utilizing structural devices and systems by manipulating 
molecules in atoms at nanoscale (atomic, molecular and macromolecular level/scale). It involves the manipulation of matter with at 
least one dimension in size ranging from 1 to 100 nm (nm) [4].
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Nanotechnology is currently applied as a tool to focus the darkest avenues of medical sciences through several ways like sensing 
[5], targeted drug delivery [6], imaging [7], gene delivery systems [8], and artificial implants [9]. Nanotechnology have potential to 
make significant impact on society and has already being embraced by industrial sectors including information and communication 
sectors, food technology, energy technology and in medicine and play significant role in reduction of environmental pollution [10]. In 
nano-science and technology, the concept of safer-by- design is utilized to make sure the designs of nanostructures to avoid any toxic 
effect on human health. During the fabrication of nanostructures safety and lesser toxicity is ensured for formulating nanomedicines 
[11].

1.1. Nanoparticles

Nanoparticles hold specific properties due to their extremely small size, shape, surface charge and large surface-to -volume ratio, 
which determine both physical and chemical attributes (biological, mechanical, thermal and electrical and catalytic properties) 
compared to their bulk materials [10,12]. It has been reported that green nanomaterials are rapid, faster and ecofriendly source that 
can be used in different bio-applications [13]. Based upon their fabrication, different categories of nanomaterials were investigated; 
nanocubes, nanoflower, nanowires, nanotubes and nanohelices [12] and on basis of structures they are classified as regular, crystalline 
and amorphous [14].

Different researches have been conducted for production of nanostructures and are being studied for multiple biological properties 
like antimicrobial, anti-leishmanial, antiglucoma, anticancer and antidiabetic properties [14]. Recently, different types of nano
structures are used in the formulation of nanomedicines; neocrystalline, liposomes, micelles, polymers, carbon nanotubes, metal and 
metal oxides as well as nanobiomolecules [15]. Researchers are now engaged in fabricating different metal and metal oxide nano sized 
particles with unique structures and functional properties based on their nature, shape, size and synthesis protocol [16,17].

1.2. Different routes for the fabrication of nanoparticles

The biosynthesis of nanostructures using plants, natural polymers, algae and fungi have distinguishing physicochemical properties 
[18]. There are different routes to fabricate nanostructures such as physical method, (thermal decomposition, electrode position, 
hydrothermal etc.) and chemical (micro-emulsions, co-precipitation chemical precipitation procedures etc. [19] (Fig. 1). The physical 
methods generate heterogeneous nanoparticles with high energy consumption and require more than 350 ◦C which make its synthesis 
more expensive [20]. The common methods utilized in physical approach of nano sized particles fabrication include electrons 
spraying, evaporation-condensation, laser ablation and laser pyrolysis [21]. Different nanoparticles have been fabricated through 
physical method such as gold, silver, lead, copper by successfully utilizing the evaporation condensation methods [22,23].

Chemical methods are more preferable due to less energy requirements during stabilization of nanostructures with high precision in 
shape, size, dimension, composition and structure [20]. The chemical approaches involve metals, salts, harsh reducing agents and 
organic solvents comprising of multiple functional groups; thiols and amines that interact with particles surface and stabilize their 
growth [24,25].

Using chemical routes for the fabrication of nanostructures might lead to generate noxious toxic wastes, which are unfriendly to 
environment and human health [26]. Also, these methods have more chances of accumulation of nanostructures [27]. Physical 

Fig. 1. Different routes for the synthesis of nanoparticles including physical, chemical and biological synthesis methods.
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fabrication procedures are also considered as costly due to high energy. Due to high energy demands and noxious waste generation 
physical and chemical methods were diverted to cheap, ecofriendly and sustainable methods demands [28,29]. Physicochemical 
routes are not only expensive but also possess environmental and biological hazards. Therefore, scientists are trying to design green 
methods for the orchestration of nanostructures having modulated size, shape and surface chemistry [30].

Biological fabrication of nanoparticles (utilizing different medicinal plants, bacteria, algae, diatoms and fungi) is one of the 
advanced area and is considered as non-toxic, greener, cheap and is mostly performed at ambient temperature and pressure [31,32]. 
Bio-based nanoparticles use bio-safe, ecofriendly, potential for easy scalability, reproducible, in-expensive chemicals from various 
medicinal plants, microbes and many other natural resources, without the involvement of multiple steps for synthesis and eliminate 
the use of hazardous chemicals [33,34].

1.3. Medicinal plants and their green chemicals

Medicinal plants extracts are used to made large number of traditional medicines and also provide health security to large segment 
of world population [35]. A vital portion of the world population is totally dependent on plant based therapies based on the data 
collected from local community [36]. According to recent research, the natural products are widely used in the formulation of various 
medicines. The medicinal plants have attractive bioactive compounds and rich phytochemistry to fabricate novel nanomaterials for 
vast applications (Fig. 2) [37,38]. The green chemicals-based nanoparticle fabrication offers high reproducibility due to the consistent 
composition of functional groups/phytochemicals that acts as stabilizing and reducing agents, ensuring environment friendly nano
particle preparation [39]. In this prospective, the green compounds have been found to be involved in biological activities such as 
antifungal, anticancer, anti-plasmodial and antimicrobial properties [10,40].Different phytochemicals have been collected from the 
medical plants and has been used for treatment of several diseases in form of drugs and then utilized in the orchestration of nano
particles [40]. Due to increasing microbial hostility to antibiotics there is an imperious need to develop fresh and pioneering green 
products based antibacterial agents [10].

1.4. Green fabrication of copper-oxide nanoparticles

In these days, biological synthesis of copper oxide nanoparticles emerged as cost-effective and alluring plate form, the alliance of 
medicinal plants and metal oxide attracted many scientists to construct nanomaterials with diverse applications. Some recent reports 
documented CuONPs biological synthesis are already available [41–43]. Recent studies have indicated that copper nanoparticles have 
excellent anti-microbial activity against E.coli and staphylococcus species and it’s antifungal properties were also reported [43,44]. 

Fig. 2. Green chemicals of in the aqueous extract of the plants which serves as capping, reducing and stabilizing agents.
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Previously, various greenly synthesized CuONPs has been notably used for the degradation/decolorization of organic dyes. In several 
studies, the CuO nanoparticles have been increasingly used in marine antifouling paints and as antimicrobial-antifouling agents in 
aquaculture industry [45]. Further, the unique nature of CuONPs made them imperative agent for being used in nanomedicine. Despite 
of significant applications of green CuONPs in biomedicine, their toxic effects elucidated by many researchers working on different 
invertebrates and vertebrates (especially mammalian cells) is utmost concern for their use for therapeutic and diagnostic purposes [46,
47]. Also, CuONPs are also being reported to generate reactive oxygen species (ROS) in the living cells that always leads to the damage 
of DNA and cellular organelles. The surface charge, nanomaterial dissolution and size are key factors contributing to toxicity caused by 
CuONPs [48–50]. So, non-toxicity and biocompatibility are two essential parameters for any nanomaterial that has to be employed in 
clinical research. The CuONPs has been widely utilized for different nanomedical purposes due of their significant bactericidal and 
fungicidal properties and are also employed as potential disinfectants against nosocomial infections [51].

The green fabricated copper nanostructures are efficient, ecofriendly, cheap and play a vital role in different biological properties. 
Copper is an essential microelement present in all living organism with distinct properties; two different redox states (oxidized (Cu2+) 
and reduced (Cu+) form). It is important for survival and provides important catalytic cofactor in redox chemistry for protein that 
performs basic protein functions in human body [52,53]. Also, it is a trace element that altered the function and structure of blood and 
immune cells.

1.5. Euphorbia serpens (ES)

Euphorbia serpens, also known as sand mat (as it grows prostately), included in Euphorbiaceae family [54]. The branches of this herb 
grows (maximum length might be 70 cm) from the base [55]. The greyish green leaves are without any marks, turns to purple color at 
the end of season, are up to 8 mm long, approximately 3 mm wide small, whole, orbicular, etiolate, oval with notched tip [55]. The 
glands of inflorescence (cyathium) have thin appendages white in color. The fruit is capsule which is approximately 2 mm in diameter. 
The seeds are quadrangular, even and soft (≈1–1.5 mm long). Up till now, E. serpens is the least explored plant. The phytochemicals 
discovered so far includes flavonoids, tannins, euphol, abietene, tirucallane, tigliane and saponins. The ethnobotanical surveys and 
deep literature review have reported the different medicinal values of E. serpens. The plant is used for the treatment of diseases, such as 
skin irritations, and body pain. The plant is used as a cure for microbial illness and snake or scorpion bites. The antifungal, insecticidal, 
antioxidant propensities of E. serpens raw extracts and ES based AgONPs has been reported so far [54,55]. Green synthesis of nano
particles by utilizing biological extracts is recently attracting a great deal of attention in field of biomedicine due to their efficient and 
ecofriendly behavior [56,57]. The aim of our current study is to develop green, cost-efficient and simple approach to fabricate 
Euphorbia serpens aqua extract mediated CuO nanostructures. Further, the asynthesized CuO nanoparticles will be characterized fol
lowed by diverse biological potentials. Fig. 3 reveals the detailed study mechanism for the fabrication and characterization of E. serpens 
based CuO nanoparticles.

1.6. Sampling of E. serpens and extraction

The medicinal plant Euphorbia serpens (family: Euphorbiaceae) was selected after ethnobotanical surveys and literature review. The 
whole plant; root, stem, leaves, flowers of E. serpens was identified and was sampled from Jasmine garden, Rawalpindi in month of May 
and June. The collected plants were rigorously washed using tap water to remove associated debris and dust particles and dried under 
shade to remove any surface moisture and water content. Fine powder obtained from completely dried plant was used to attain 

Fig. 3. Detailed step by step study mechanism for the fabrication and characterization of E. serpens based CuO nanoparticles.
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aquaous plant extract. Approximately, 40 g light green plant powder was mixed with 100 mL ultrapure water. This mixture/suspension 
was continuously heated at 90 ◦C and stirred utilizing hotplate for 2 h for acquiring aquaous plant broth of E. serpens. The filtration and 
centrifugation of obtained suspension was carried out in order to separate the unwanted aggregates/accumulates of plant. The 
resultant light green solution was considered as aqueous broth of E. serpens which was further used for the reduction of copper acetate 
salt.

1.7. Green fabrication of CuO nanoparticles from E. serpens

The fabrication of E. serpens based CuONPs was executed following the optimized procedures of [58]. The obtained filtrate was used 
for the green synthesis of CuONPs. The plant broth was then utilized as a strong reducing, stabilizing and capping agent to convert 
copper acetate salt to their metallic form. The synthesis of CuONPs was achieved by reducing 2 gm copper (II) acetate (sigma aldrich) 
precursor salt using 100 mL of Euphorbia serpens plant extract. The reaction was performed at 60 ◦C for 2hr upon hotplate. The resultant 
reduced material was washed thrice, centrifuged and dried in an oven at 100 ◦C/3hr. The resultant nanostructures was then grounded 
and dried again for 2hr at 100 ◦C. The material obtained was regarded as CuONPs. After accomplishing room temperature, the ob
tained E. serpens based CuONPs was stored in 2 mL eppendorf tubes, parafilmed and were stored in dry and dark place. The 
E. serpens-CuONPs were used for detailed physical characterization. Also, synthesized E. serpens-CuONPs were investigated for multiple 
bio-applications.

1.8. Physical characterization for E. serpens-CuONPs

Different spectral and microscopic studies were utilized to examine the electro-optical, physical, thermal and chemical studies of 
greenly synthesized E. serpens orchestrated CuONPs. Following are the techniques utilized for the characterization of E. serpens- 
CuONPs.

1.8.1. Ultraviolet–visible spectroscopy
The bio-reduction of the copper (II) oxide salt into nano metal particles was observed via ultraviolet–visible spectrophotometer. 

The copper ions reduction was observed by a simple change in the color of the plant extract from light brown to greenish-black. To 
study the spectrum obtained via ultraviolet–visible spectroscopy, a stock solution of the copper oxide nanostructures (5 mg/5 mL) was 
prepared and properly sonicated using Sonicator machine. To achieve this purpose, the CuONPs were scanned and absorbance was 
measured in the range of 200 nm–600 nm using ultravoilet–Vis spectrophotometer (Shimadzu, Tokyo, Japan) using a quartz cuvette. 
The quartz cuvette (approximately 1 cm length) was utilized for measuring the absorbed spectra of light with the reference to ultrapure 
water.

1.8.2. Crystal analysis of E. serpens-CuONPs
The phase purity, structural analysis and crystallinity of E. serpens-CuO nanostructures were determined by the planes of X-rays 

differection patterns and 2 theta points. The differectiometer was well-equipped with Cu/K radiations (λ = 1.5406 ◦A) utilized 40 kV 
voltage and current of approximately 30 mA. The mean crystal sizes were calculated using XRD spectra by Scherer approximation.

1.8.3. Surface morphology via SEM
Surface morphology and actual particle size of the prepared CuONPs was investigated utilizing SEM (EM-NOVA-FEI-SEM-450 

equipped with EDX detector). To fix CuONPs and to prevent their spread, many drops of the solution were carefully applied to the 
carbon tape covered-stub. The microscopic study was accomplished via SEM for the illustration/analysis of shape, size, stability and 
nature (accumulation/agglomeration/dispersed) of E. serpens-NiONPs. The sample was placed on the SEM machine and images of 50 
Kx magnifications were taken. The EDX spectral studies determined the presence of adsorbed functional groups on the surface of NPs 
and to confirm its synthesis.

1.8.4. Zeta potential, PDI and dynamic size (d-nm)
For understanding the interactions between nanostructures and solutions (water molecules), the evaluation of surface/interface 

charge and the migration of nanostructures, DLS was carried out. The zeta size and potential studies were performed by DLS utilizing 
ζ-sizer equipment’s (Malverns UK).

1.8.5. Fourier transmission-Infra red spectroscopic studies
Fourier transmission-Infra red spectroscopic studies was carried out to identify the several bioactive functional groups up on the 

surface of NPs directly involved in the stabilization and reduction of E-serpens-CuONPs. To achieve this purpose, CuONPs was scanned 
among the range of 500–4500 cm− 1 and different spectra were recorded to determine various functional groups present upon the 
surface of ES- CuO nanoparticles participated in the fabrication and enhancing bio-potentials of nanomaterials.

1.9. Biological potentials of E. serpens-CuONPs

1.9.1. Cytotoxic activity of E. serpens-CuONPs
Six dilutions at concentration of 1000, 500, 250, 125, 63, 32 μg per ml from stock solution were used as testing samples against 
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brine shrimp lethality assay. All concentrations were taken in glass vials and solvent was evaporated. Hatching of eggs (Artemia salina) 
was carried out in a bi-partitioned tray providing artificial sea water as a medium of their hatching. Sea water was prepared by adding 
sea salt (3.8 g) into 1 L of distilled water and dissolved it by continuous stirring. Hatching tray consists of a small and large section. A 
pinch of eggs was taken and added to larger compartment and covered it with aluminium foil while other section remain uncovered for 
illumination under light source. After incubation period of 1–2 days hatched nauplii moved toward light source. Nauplii (30) were 
collected via micro pipette and transferred to each vial containing 5 ml of sea water along with evaporated ES- CuONPs sample. Vial for 
positive control included vincristine sulphate, sea water and nauplii, while, DMSO, sea water and nauplii were maintained as negative 
control. After incubation of 24 h dead nauplii were counted in all vials and percent mortality was compared with positive control. The 
BSCA experiment was performed in triplicate and IC50 values were determined using graph prism pad software.

1.9.2. Antiradical potency of E. serpens-CuONPs
2, 2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay, (TAC) total antioxidant capacity and (RPA) reducing power 

assay were used for evaluation of antioxidant potential of ES- CuO NPs. A procedure reported by Sarwar et al. [59] was employed for 
determining the potential of all samples/concentrations against DPPH reagent with minor changes. The Microplate reader (Bioteck), 
DPPH (2, 2-diphenyl-1-picrylhydrazyl) in solid form purchased from Sigma (USA), DMSO (VWR, BDH, chemicals), ascorbic acid Sigma 
(USA), ethanol and ES- CuONPs are required for performing experiment. For preparing stock solution, 1 mg from ES based CuONPs was 
taken and dissolved in DMSO (1 ml) via sonication. The DPPH solution (0.004 %) was prepared in methanol. A 96 wells plate was used 
for DPPH assay. Each concentration (10 μl) to be tested was added to 190 μl of DPPH in respective well in order to make the final 
volume of 200 μl. Ascorbic acid (Sigma Aldrich, USA) was taken as positive standard and DMSO was utilized as negative control. Then 
reaction mixture was incubated for half an hour in dark at room temperature. Those wells that changed their color and turned yellow 
were observed. Changing color determines ES-CuONP’s oxidation potential. Absorbance of testing samples was measured using 
microplate reader at wavelength of 515 nm. Following formula was used for calculation of free radical scavenging activity at different 
doses. 

Percent scavenging of sample=
Abs(C) –Abs (test sample)

Abs(C)
× 100 

A procedure explained by Dridi et al. [60] was utilized for the assessment of TAC of ES- CuONPs. The ascorbic acid (Sigma Aldrich, 
USA), ammonium molybdate (Sigma Aldrich, USA), sulfuric acid, sodium phosphate (Sigma Aldrich, USA) and ES- CuONPs are 
required for performing experiment. Further, for preparation of stock solution a quantity of 1 mg from all ES- CuO NP’s was taken and 
dissolved in 1 ml of DMSO. The DMSO lacking ES- CuONPs was used as negative standard while ascorbic acid as positive standard. The 
testing samples were assessed for total antioxidant capacity by taking 100 μl stock solutions (for each sample) and mixing it with 900 μl 
of reagent solutions that comprised of 28 mM sodium phosphate, 0.6 M sulfuric acid and 4 mM ammonium molybdate. Resulting 
mixtures were then incubated for 90 min at 95 ◦C. After cooling, their incubation was carried out at room temperature. Absorbance of 
each testing dose was recorded via microplate reader at 630 nm. DMSO (100 μl) was used as blank and different concentrations of 
ascorbic acid were used for calibration curve. Consequently, total antioxidant capacity was expressed as mg/g dose equivalents to 
ascorbic acid.

Furthermore, procedure outlined by Gecer et al. [61] was used for analysis of reduction potential of ES- CuONPs samples to be 
tested. The requirement of TRP includes gallic acid, solution of potassium ferricyanide (1 %)(Sigma Aldrich, USA), ferric chloride 
solution (0.1 %), 0.2 M PB (pH 6.6) (Sigma Aldrich, USA), trichloroacetic acid (10 %) (Sigma Aldrich, USA) and ES- CuONPs. The ES- 
CuONPs (1 mg) was dissolved in 1 ml of DMSO for preparation of stock solutions. For positive control gallic acid at final concentration 
of 100 μg/ml was used for evaluation of total reduction potential of ES- CuONPs. Total reducing power was evaluated by taking stock 
solution (100 μl) (for each dose) and mixing it with 1 % solution of potassium ferricyanide (250 μl) and phosphate buffer (200 μl). 
Mixtures were then incubated at 50 

◦

C/20 min. Then trichloroacetic acid (200 μl) was added after for acidification of reaction mixtures. 
After that they were centrifuged for 10 min at 3000 rpm. Supernatant was taken and 0.1 % FeCl2 solution was added. Later on, 200 μl 
from reaction mixtures was transferred to a 96 wells plate. Absorption was measured on microplate reader at 630 nm. Gallic acid was 
kept as positive standard and reduction potential was expressed as gallic acid Eq.mg/g of ES- CuONPs.

1.9.3. Antimicrobial studies of E. serpens-CuONPs
Kirby-Bauyer or disc-diffusion test was used as outlined by Abbasi et al. [62] for assessment of bactericidal and fungicidal potential 

of ES-CuONPs nanostructures. Five cultures (E. coli ATCC#: 15224, P. aeruginosa ATCC#: 9721, S. aureus ATCC#: 25923, K pneumonia 
ATCC#:4617 and B. subtilis ATCC# 6633) supported on SDA medium (Sigma Aldrich, USA), ES-CuONPs, discs of Whatman’s filter 
paper # 1 (autoclaved), petri plates, DMSO, (Merck Germany), vernier caliper and Demeclocycline are requirement of bactericidal 
activity. However, Four cultures (Candida albican FCBP#: 478, Mucor racemosus FCBP#: 030, Aspergillus niger FCBP#: 0918, (A. flavus 
FCBP#:64) and Fusarium solani FCBP# 291) supported on SDA medium, ES-CuO nanoparticles, discs of Whatman’s filter paper # 1 
(autoclaved), petri plates, DMSO, (Merck Germany), vernier caliper and terbinafine are required for fungicidal activity.

The ES-CuONPs were exploited for potential antifungal and antibacterial assays. In antibacterial test, agarose solid media (Sigma 
Aldrich, USA) was used for cultivation/spreading of different bacterial species on different plates while in fungicidal assay, SDA agar 
was used for this purpose. Filter discs dipped and dried with different doses of ES-CuONPs were placed at distant positions upon media. 
The petriplates with spreaded bacteria/fungus (depending upon assay) upon media and dose laden discs were incubated at 37 ◦C/24 h 
(bactericidal assay) and 25 ◦C/24 h (fungicidal assay) respectively. Amphotericin B and Oxytetracycline were exploited as controls in 
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fungicidal and bactericidal assay respectively. The bactericidal and fungicidal affects were recorded while assessing inhibitory zones 
around the discs. MIC values for both assays were calculated.

1.10. Phyto-synthesis of Euphorbia serpens-CuONPs

1.10.1. Color monitoring and ultraviolet–visible spectrophotometery
After the successful fabrication of CuONPs, the change of color of plant broth from light brown to dark green solution was observed 

as shown in Fig. 4. Color change is the first indication of fabricated CuONPs. Furthermore, the maximum plasmon resonance of the 
solution was recorded at 373 nm (Fig. 5). Our results of ultraviolet–visible spectrophotometery are congruent to standard electron- 
spectrometric peaks for CuONPs. The result of optical analysis is in line with the studies of Kumar et al. [63] and Renuga et al. 
[64] in which greenly orchestrated CuONPs (Brassica oleracea var. italic - CuONPs and Rubus glaucus - CuONPs respectively) were 
thoroughly observed via various characterization methods and different invitro and invivo bio-properties were also studied. The plant 
extract of Euphorbia serpens contain flavonoids, tannins, euphol, abietene, tirucallane, tigliane and saponins that might have active role 
in the successful fabrication and stability of asynthesized nanoparticles.

1.10.2. Surface morphology of Euphorbia serpens - CuONPs
To investigate the interface morphology SEM was used. The SEM of Euphorbia serpens CuONPs with the 80,000x magnification and 

is presented in Fig. 6 (A). The results in fig. indicate accumulated/agglomerated nano sized particles with huge surface area and mono 
to poly-dispersed nature of Euphorbia serpens orchestrated CuONPs particles.

1.10.3. Elemental analysis for Euphorbia serpens orchestrated CuONPs
The energy dispersive (EDX) x.ray spectrum was analyzed to study the availability/presence of different elements in our Euphorbia 

serpens based CuONPs. The intense signals was perceived at 0.2 KeV, 0.4 KeV, 0.9 KeV, 8.1 KeV and 8.9 KeV corresponds to the 
presence of C, O and Cu elements. The carbon signal (0.2 KeV) is attributed to the supporting grid (made of C), however other signals 
are attributed to the presence of O and Cu. The EDX spectral pattern for Euphorbia serpens mediated CuONPs is shown in Fig. 6 (B).

1.10.4. Crystallinity of greenly orchestrated Euphorbia serpens – CuONPs
The differection signals/patterns of the Euphorbia serpens - CuONPs were explored via X.ray differectiometer and the resultant pure 

crystalline pattern is illustrated in Fig. 7 (A). The sharp peaks of Euphorbia serpens - CuONPs are observed at 2 theta values (with 
referred planes) of 32.41 (110), 36.63 (002, 111), 38.22 (111, 200), 47.72 (202), 54.72 (020), 57.49 (202), 60.39(113), 68.05 (311), 
69.63 (220), 74.13 (311) and 76.63 (004). The sharp peaks patterns are in match with standard PDF code of ICSD 45–0937. The 
average/mean size of Euphorbia serpens - CuONPs was recorded as 20.39 nm. The miller indexation calculated via Scherrer-equation (L 
= Kλ/β.Cosθ) is also depicted in Fig. 7 (B). Our diffectiometric patterns results were compared with mentioned ICSD database for 
CuONPs. No additional characteristic diffectiometric peak for any additional product was observed which signifies the purity of 
greenly fabricated CuONPs. The results of XRD differectiometric pattern are in agreement to the reports of [65,66]. Further, the XRD 
pattern also indicates that the asynthesized green procedure used for fabrication of Euphorbia serpens - CuONPs is controllable, re
petitive, pure and has the capability of reducing and capping defects.

1.10.5. Fourier transmission-Infra red spectroscopic analysis
The fourier transmission-Infra red spectroscopic analysis was performed to study the chemical composition of interface/surface of 

Euphorbia serpens orchestrated CuONPs (Fig. 8). The highest/intense transmittance signals of fourier transmission-Infra red spectra was 
observed at 545.17, 657.43, 1025.26, 1729.59, 3005.93, 3288.45 and 3579.43 cm − 1. The intense peaks at 545.17 and 657.43 are 
assigned to the presence of Cu–O bond. The transmission peak at 1025.26, 1729.59, 3005.93, 3288.45 and 3579.43 cm − 1 are 

Fig. 4. Color change of aqueous plant extract after the addition of copper acetate salt.
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attributed to alkyl amine, carboxyl acid, alkenes, –OH group for alcohols and amine primary respectively. The adsorption/attachment 
of functional groups presents upon the surface of ES- CuO nanoparticles have participated in the orchestration of nanostructures and 
also they might have potential role in increasing the bio-properties of greenly fabricated nanomaterials.

1.10.6. Zeta potential, PDI and size
For recording the hydro-dynamic size, index of poly-dispersity and ζ-potentials, DLS was performed. The ζ-size of approximately 

123.4 d nm has been recorded. This size is truly elucidating the poly-dispersed nature with the aggregation between orchestrated 
nanoparticles. The ζ-potential of Euphorbia serpens orchestrated CuONPs was noted to be positive (i.e. +32.1) which depicts true 
physical stability of our Euphorbia serpens orchestrated CuONPs. The PDI of asynthesized CuONPs was recorded as 1 which clearly 
indicates the dispersed/scattered distributions of the pore size. The spectroscopic results of z-potential, PDI and z-size are illustrated in 
Fig. 9 (A&B).

Fig. 5. UV–visible spectroscopy for Euphorbia serpens mediated copper oxide nanoparticles.

Fig. 6. (A) Scanning electron micrograph for greenly synthesized CuONPs and (B) EDX spectral analysis for ES-CuONPs illustrating pure CuONPs.
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Fig. 7. (A) XRD pattern for ES-CuONPS and (B) Miller indexation via Debye-scherrer’s equation.

Fig. 8. FT-IR pattern for ES-CuONPs.
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1.11. Evaluations of bio-activities of Euphorbia serpens mediated CuONPs

1.11.1. Antioxidant potentials

1.11.1.1. Reducing power assay. Fig. 10 illustrates TRP property of different doses of Euphorbia serpens- CuONPs in terms of Gallic-acid 
Eq.mg/g of nanoparticles calculated at 200-1 μg/ml. In our study, highest efficiency (88.12 %) in terms of reducing power was 
recorded at the highest concentration (200 μg/ml) and lowest (4.43 %) at 1 μg/ml. All the tested doses have manifested good TRP 
results which clearly signify that our Euphorbia serpens- CuONPs have excellent TRP potential. Our results of TRP studies are congruent 
to previously published reports of Vinothkanna et al. [67] and Araya-Castro et al. [68].

1.11.1.2. Total antioxidant capacity (TAC). The TAC content for different doses of Euphorbia serpens - CuONPs was investigated by 
phosphomolybdate procedures and was presented/expressed as ascorbic acid equivalent mg per g of nano sized particles suspension as 
illustrated in Fig. 10. The highest TAC (86.62 %) was observed at highest dose (200 μg/mL). All the tested concentrations have 
exhibited potential TAC property which have revealed our asynthesized CuONPs have excellent reducing potential. The Euphorbia 
serpens - CuONPs showed concentration dependent response. The TAC analysis of the current study is congurent with the previously 

Fig. 9. DLS studies for ES-CuONPs and (A) Zeta size; Positive zeta Potential for ES-CuONPs.

Fig. 10. Antioxidant properties for greenly synthesized CuONPs including DPPH activity, TRP assay and TAC activity.
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published data on Lactuca sativa, Tamarindus indica, Hibiscus rosa-sinensis, Azadirachta indica, Moringa oleifera and Murraya koenigii 
based CuONPs [69,70].

1.11.1.3. DPPH assay. Free radical scavenging capabilities of Euphorbia serpens - CuONPs are shown in Fig. 10. The maximum 
antiradical property of 92.22 % was recorded at higher concentration of 200 μg/mL. Ascorbic acid (Sigma Aldrich, USA) being a 
powerful radical scavenger was used for comparison in this assay. All concentrations of Euphorbia serpens - CuONPs exhibited excellent 
scavenging property. The results signify that our Euphorbia serpens - CuONPs are potential scavenger and are able to play their sig
nificant role as antioxidant agents. The previous reports of Santhosh Kumar & Shanmugam et al. [71] and Sepasgozar et al. [72] also 
revealed that greenly fabricated CuONPs using Magnolia champaca and Achillea nobilis have shown excellent scavenging potentials. The 
results of this study are in agreement with aforementioned studies.

1.12. Bactericidal activity

The pathogenic bacterial strains are considered to be causative agent of many common and deadly diseases. Conventionally, many 
green broth based drugs were used against these agents for curing various diseases. However, the frequent/continuous uses of natural/ 
synthesized drugs lead to increasing resistances in pathogenic bacterial species. For this reason, new formulations are under explo
ration by the scientific and research communities. In this aspect, bactericidal property of Euphorbia serpens- CuONPs was evaluated by 
performing antibacterial activity as shown in Fig. 11 (A). The dose range used was from 1500 to 46.875 μg/mL. Susceptibility of each 
concentration/dose of Euphorbia serpens- CuONPs (dose Range: 1500–46.874 μg/mL) was studied using selected five bacterial strains 
by disc diffusion method. The Euphorbia serpens- CuONPs showed dose dependent responses. According to our results, the highest 
concentration exhibited higher activity against all bacterial strains with clear zone of inhibition (ranging from 15 to 26 ± 1.5–2.01 
mm). The maximum resistance was observed in case of K.pneumonia and P. areuginosa (MIC: 187.5 μg/mL), however, B. subtilis (MIC: 
46.875 μg/mL) was found to be sensitive among all bacterial strains. The MIC values in case of E. Col and S. aureus was found to be 
93.75 μg/mL. Previously, Kumar et al. [73] reported the bactericidal analysis with similar strains using Aloe vera orchestrated CuONPs. 
In their studies, they have reported K. pneumonia and P. areuginosa as resistant and B. subtilis as sensitive strain. The difference between 
the inhibitory zones of Kumar et al. [73] and current study might be because of the difference of green chemicals of two different 
plants. Furthermore, the results of the present studies revealed strong correlations with the findings of Altikatoglu et al. [74] and 
Tavakoli et al. [75] where they have used the Ocimum bacilicum and Aloe vera orchestrated CuONPs against similar bacterial strains and 
have found almost same results. Over all, all tested doses have shown significant antibacterial property with exception of 93.75 and 

Fig. 11. Various antimicrobial activities of ES-CuONPs. Data represents the mean of three replicates and each alphabet indicates significance at p <
0.05 (A) MICs values of different doses of ES-CuONPs against various bacterial strains. (B) MICs values of different doses of ES-CuONPs against 
different fungal strains.
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46.875 μg/mL in cases of P. aeruginosa and K. pneumonia and 46.5 μg/mL in case of S.aureus contradictory to positive standard 
(Demeclocycline) that has shown potential antibacterial activity against all selected bacterial strains. Over all, the results of the current 
study depicted excellent antibacterial properties of Euphorbia serpens - CuONPs. The interaction of NPs with the cell membrane re
ceptors is highly size dependent. The mechanism of action of Euphorbia serpens – CuONPs is given in Fig. 12.

1.13. Antifungal properties

Harmful fungi are considered to be root cause of several common diseases. Traditionally many green chemical/broths/raw me
dicinal plants base drugs are employed against fungal infections. The scientific community is continuously working on new formu
lations due to increasing resistance against formulated drugs. In this regard, fungicidal potential of Euphorbia serpens orchestrated 
CuONPs was evaluated by performing antifungal activity. Susceptibility of each concentration/dose of Euphorbia serpens - CuONPs 
(Conc. Range: 1500–46.874 μg/mL) against five fungal strains was assessed by disc diffusion method. The Euphorbia serpens – CuONPs 
have shown concentration dependent respond. From Fig. 11 (B) it can be clearly seen that highest dose revealed highest activity against 
all selected fungus strains with clear inhibitory zone of 19–26 ±1–3.42 mm. The maximum resistance against all doses was observed in 
case of A. flavus (MIC: 187.5 μg/mL), however, M. racemosus (MIC: 46.875 μg/mL) was observed to be sensitive among all fungal 
strains. Previously, Vanathi et al. [76] reported the antifungal analysis with similar strains (M. racemosus excluded) using Eichhornia 
crassipes mediated CuONPs. In their studies, they have reported A. flavus as resistant strain and F. solani as sensitive one. The difference 
between the inhibitory zones of Vanathi et al. [76], and current study might be due to the use of different plant based nano sized 
particles. Also, our results exhibits strong correlations with the findings of Huang et al. [77] and Shammout & Awwad [78] where they 
have used the Ginkgo biloba and Bougainvillea orchestrated CuONPs against similar fungal strains and have found almost same results. 
Over all, all tested doses have shown significant antifungal property with exception of 93.75 and 46.875 μg/mL in case of A. flavus and 
46.5 μg/mL in case of C. albicans contradictory to the selected positive standard (AmpB) that has shown strong antifungal activity 
against all selected fungus strains. Our results exhibited strong fungicidal potential of Euphorbia serpens orchestrated CuONPs. Fig. 2
describes the antibacterial mechanism of CuO NPs. A brief insight on the antibacterial and antifungal applications of CuO NPs is given 
in the following subsections.

1.14. Brine shrimps cytotoxicity assay (BSCA)

For the investigation of cytotoxicity and to confirm their safety level, the nascent larvae of brine shrimps were exploited. The 
different doses of Euphorbia serpens based CuONPs was studied for this test. Our greenly fabricated nanostructures fall under the 
category of good cytotoxic. The IC50 values of 32.88 μg/ml have confirmed the highest percent mortality for Euphorbia serpens based 
CuONPs as shown in Fig. 13 and 14. The Euphorbia serpens based CuONPs nanoparticles revealed dose dependent responses. The 
minimum inhibition was observed to be 17 % at the concentration of 3.91 μg/ml. The maximum recorded inhibition was 82 % at the 
highest dose of 500 μg/ml. The results of brine shrimp lethality/mortality assay are in agreement to previous studies [79,80]. On the 
whole, smaller nanostructures contain relatively larger surface area as compared to larger ones. For this reason, interactions of 
nanoparticles increases with biological elements/molecules, consequently triggering more toxicity (see Fig. 14).

2. Conclusion

In present study copper oxide nanoparticles are fabricated following green route while exploiting the green broth of Euphorbia 
serpens. Different bio-activities; antioxidant, antifungal, cytotoxicity and antibacterial assays of Euphorbia serpens - CuONPs were 
carried out. Euphorbia serpens - CuONPs have revealed strong anti-radicle activities. Furthermore, the greenly fabricated nano sized 
particles manifested excellent fungicidal and bactericidal properties. Also, Euphorbia serpens - CuONPs have shown excellent IC50 
values against the larvae’s of brine shrimps. On the whole, it can be concluded that in vitro antioxidant, antifungal, cytotoxic and 
antibacterial properties investigated in the present study presented the scientific basis and elaborated the various potential aspects of 
the particles under study that possibly be effective against several pathogens and can play vital role in defense mechanism. Our study is 
pioneer and the work should not be limited only to the targeted nanostructures, targeted plants/plant parts. The extended studies on 
the toxicology and biocompatibility of MNPs are needed. Our research has successfully documented the biological functions of greenly 
orchestrated NPs in vitro. Future, studies should focus on various in vivo experiments employing different animal models. Also, the 
formulations of multi-organic functional groups and biometallic NPs with regulated/balanced surface chemistry is worthy for the 
consideration.
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Fig. 12. Diagrammatic representation of the bactericidal mechanism of CuONPs as reported in literature.

Fig. 13. Brine shrimps cytotoxicity assay for Euphorbia serpens-CuONPs.

Fig. 14. Diagrammatic illustration of cytotoxicity of CuONPs as reported in literature. (a) The ROS generated outside the cells can easily enter into 
the cell followed by their interference with DNA that results in the genotoxicity. (b) CuONPs penetrate into the cell by receptor mediated endo
cytosis, followed by their entry into lysosomes, where Cu++ dissolution occur. (c) Surface defects in CuONPs can result in breaking the cellular 
membrane. (d) The generated ions interfere with proteins and mitochondria where they disrupt its function by synthesizing further ROS.
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