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Abstract 

Background: In the present era, we are facing different health problems mainly con-
cerning with drug resistance in microorganisms as well as in cancer cells. In addition, 
we are also facing the problems of controlling oxidative stress and insect originated 
diseases like dengue, malaria, chikungunya, etc. originated from mosquitoes. In this 
investigation, we unfurled the potential of Achatina fulica mucus in green synthesis 
of mucus mediated copper oxide bio-nanocomposites (SM-CuONC) and cobalt oxide 
bio-nanocomposites (SM-Co3O4NC). Herein we carried out the physico-chemical 
characterization like UV–Vis spectra, X-ray diffraction (XRD), Field Emission Scanning 
Electron Microscopy (FESEM), Transmission electron microscopy (TEM), Energy Disper-
sive X-ray Analysis (EDAX) and X-ray photoelectron spectroscopy (XPS) of as synthe-
sized bio-nanocomposites. Both the bio-nanocomposites were tested for their poten-
tial as antimicrobial activity using well diffusion assay, anticancer activity by MTT assay, 
antioxidant activity by phosphomolybdenum assay and mosquito larvicidal activity.

Results: The results of this study revealed that, SM-CuONC and SM-Co3O4NC were 
synthesized successfully using A. fulica mucus. The FESEM and TEM data reveal the for-
mation of nanoparticles with quasi-spherical morphology and average particle size 
of ~ 18 nm for both nanocomposites. The EDAX peak confirms the presence of elemen-
tal copper and cobalt in the analyzed samples. The X-ray diffraction analysis confirmed 
the crystalline nature of the CuO and  Co3O4. The result of anti microbial study exhib-
ited that, SM-CuONC showed maximum antimicrobial activity against Escherichia 
coli NCIM 2065 and Aspergillus fumigatus NCIM 902 which were noted as 2.36 ± 0.31 
and 2.36 ± 0.59 cm resp. at 60 µg/well concentration. The result of anticancer activ-
ity for SM-CuONC was exhibited as, 68.66 ± 3.72, 62.66 ± 3.61 and 71.00 ± 2.36 percent 
kill, while SM-Co3O4NC exhibited 61.00 ± 3.57, 72.66 ± 4.50 and 71.66 ± 4.22 percent 
kill against Human colon cancer (HCT-15), Cervical cancer (HeLa), and Breast cancer 
(MDA-MB-231) cell lines, respectively, at 20 µg/well concentration. Both the nano-
composites also exhibited better antioxidant activity. Total antioxidant activity 
for SM-CuONC at 50 µg/ml concentration was found to be highest as 55.33 ± 3.72 
while that of SM-Co3O4Ns was 52.00 ± 3.22 mM of ascorbic acid/µg respectively. Both 
bio-nanocomposites also exhibited 100% mosquito larvicidal activity at concentra-
tion ranging from 40 to 50 mg/l. During cytotoxicity study it is noted that at 5 µg/well 
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concentration, SM-CuO and SM-Co3O4NCs suspension showed more than 97% viability 
of normal (L929) cell lines. We also studied phytotoxicity of both bio-nanocomposites 
on Triticum aestivum. In this study, 100% seed germination was observed when seeds 
are treated with SM-CuONC and SM-Co3O4NC at 500 mg/l and 250 mg/l concentration 
respectively.

Conclusions: This study concludes that in future as synthesized SM-CuONC and SM-
Co3O4NC can be used in pharmaceutical, health care system for betterment and wel-
fare of human life as both bio-nanocomposites exhibits better antimicrobial, antican-
cer, antioxidant and mosquito larvicidal potential.

Keywords: Achatina fulica mucus, Bio-nanocomposites, Characterization, Biological 
activities, Toxicity

Introduction
Nowadays, nanotechnology is rapidly growing research topic in which nanoparticles 
specifically metal oxide nanoparticles are widely used in different areas like biological, 
pharmaceutical, agricultural, environmental, electronics, etc. (Faisal et al. 2021). Due to 
the diverse applications of nanoparticles, several methods are used for their synthesis 
including chemical, physical, sol–gel, electrodeposition, etc. (Cuong et al. 2022). Unfor-
tunately, these methods of nanoparticle synthesis are costly, require toxic chemicals and 
high temperature. In addition, these methods of nanoparticle synthesis lead to produc-
tion of hazardous by-products. Hence to overcome these problems most recently, green 
nanotechnology is emerged as a new approach of nanoparticle synthesis and miracu-
lously applied in the fields of biotechnology, health care, cosmetics, food technology, 
environmental remediation, etc. (Faisal et al. 2022; Dabhane et al. 2023).

There are plethora of reasons why scientists are taking plenty of endeavours on green 
nanotechnology, rather than physical and chemical methods of nanoparticle synthesis. 
Environmental concern and energy issues are the main reasons that motivated develop-
ment of green nanotechnology for synthesis of nanoparticles (Pansambal et  al. 2022). 
An ever-increasing body of literature shows that innovative material and nanotechnol-
ogy-based products became predominant part of our life. More than 1814 nanoparticle-
based products are manufactured till today. Advancement in the field of nanotechnology 
attracted several researchers, scientists and last few years have witnessed a huge growth 
in this field. Recently most of the researchers working in the field of nanoscience are 
influenced by “Green Nanotechnology” (GN) (Griffin et al. 2018; Biswas et al. 2012; Das 
et al. 2017). In green nanotechnology, there are several studies consistent with using dif-
ferent types of biological material mainly including plants, various plant products like 
oils and phytochemicals where alkaloids, flavonoids, steroids, phenols, tannins play an 
important role in reduction and stabilization of nanoparticles. In addition, microorgan-
isms, algae, etc. are also used for the green synthesis of nanoparticles (Gu et al. 2018; 
Pagar et al. 2019).

Hitherto animal waste products or animal-based products are rarely used in green 
nanotechnology. Unfortunately, till today not much work was done on synthesis of nan-
oparticles using animal by-products and their applications in health care or medicinal 
purposes. In synthesis of nanoparticles using animal-based materials or their metabo-
lites have great opportunity as it contains plenty of biomolecules including proteins and 
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amino acids which acts as capping and reducing agents. The most important advantage 
of using animal by-products over plants and their products, microorganisms, algae for 
nanoparticle synthesis is that, it does not disturbs environment mainly forest ecosystem 
which happens in case of plants. Secondly, it is economically feasible because in case 
of microorganisms and algae their mass culturing is required which increases cost of 
products. Precaution must be taken to avoid any contamination during synthesis of nan-
oparticles using animal-based by-products as animals may contains dusts, micro-organ-
isms, etc. Till today silver nanoparticles are mostly synthesized using animal products 
including cobweb, paper wasp net, cockroach wings, honey, cow milk, hen’s egg white, 
etc. These animal product-based nanoparticles are used for different biological applica-
tions like antibacterial, antifungal, insecticidal, anticoagulant, thrombolytic and catalytic 
activities. (Lateef et al. 2016a; Lateef et al. 2016b; Khatami et al. 2019; Balasooriya et al. 
2017; Lee et al. 2013; Athreya et al. 2019).

As far as metal oxide nanoparticles are considered, it was observed that copper oxide 
and cobalt oxide nanoparticles attracted increasing attention (Chattopadhyay et  al. 
2012a, b). Copper and cobalt are trace metals closely related to human health. Copper 
is important part of several enzymes like super oxide dismutase and also plays a role to 
activate the enzymes while cobalt is of paramount concern in metabolic processes of all 
the animals (Abdullah et al. 2022; Siddiqi et al. 2020; Huang et al. 2021). Due to excel-
lent biological, chemical and pharmaceutical properties of copper and cobalt it was felt 
that copper oxide and cobalt oxide nanoparticles can be applied to encounter multiple 
health problems including antimicrobial potential, larvicidal, antioxidant, etc. (Nagore 
et al. 2021; Kainat et al. 2021).

Recently, the entire world is facing the problem of multidrug resistant bacterial dis-
eases which created sinister situation and led thousands of deaths annually especially 
patients in Intensive Care Units (Palmer and Kishony 2013).With antibiotics resistance, 
we are now facing another health issue of increase in cancer cases which is the world-
wide leading cause of death. For the treatment of cancer, radiotherapy, surgery, chemo-
therapy is generally used but these methods are expensive as well as lead to several side 
effects. Recently, it was felt that nanoparticles can interact with biomolecules hence they 
can be used in cancer treatment (Liu et al. 2010).

Moreover, to maintain good health for prevention of diseases due to the production 
of reactive oxygen species one can require antioxidants which can be fulfilled by dietary 
supplements. But in the fast moving world due to busy schedule, sedentary lifestyle, high 
intake of carbohydrate, fat and proteins changed the human life resulting in the produc-
tion of reactive oxygen species. With the dietary supplements, synthetic antioxidants are 
also available in the market but unfortunately they are carcinogenic and toxic in nature. 
To overcome all the shortfalls, material science and nanoscience emerged as a ray of 
hope for the production of nano-antioxidants (Eftekhari et al. 2017, 2018). To achieve 
the better solution and to overcome the challenges of antioxidants, some researchers are 
focusing on production of antioxidant functionalized nanocomposites using biological 
materials. In this concern, cobalt oxide and copper oxide nanoparticles are gaining more 
importance (Waris et al. 2021).

In some countries, another health-related problem is controlling the disease spread-
ing insects which become resistant to most of the insecticides. In this concern control of 
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mosquitoes which are the vectors for diseases like malaria, chikungunya, filariasis, den-
gue, etc. became the subject of prime importance (Mane et al. 2017). It was estimated 
that 350 million people are at risk of mosquito-borne diseases. Earlier, mosquito-spread 
Zika virus which causes dengue like symptoms was mostly detected in Asia and Africa. 
More importantly the death rates due to the mosquito-borne diseases are continuously 
increasing day by day and is of serious concern to humans (WHO 2010; WHO 2013). 
More importantly, with the diverse array of nanotechnology in various disciplines like 
healthcare, chemical and pharmaceutical, one should not forget its adverse effects on 
aquatic, terrestrial and agricultural ecosystems (Phull et al. 2021).

The literature survey regarding synthesis of nanoparticles using animal by-products 
lacks sufficient data and very little data are available about pharmaceutical, mosquito 
larvicidal activities and toxicity of copper and cobalt nanoparticles. Hence, keeping 
in mind all the above mentioned research gaps related to nanoparticle synthesis and 
their applications in human health, this investigation puts an emphasis on the aspects 
of green nanotechnology with different biological activities. Moreover, both the bio-
nanocomposites of this study are synthesized with simple, facile, eco-friendly method. 
These bio-nanocomposites are non-toxic in nature and exhibit multifaceted biological 
activities including antimicrobial, anticancer, antioxidant and mosquito larvicidal. Most 
importantly as per our intense literature survey, this is the first report of synthesis of 
SM-CuONC and SM-Co3O4NC using A. fulica snail mucus having multiple biological 
activities which adds novelty to the work.

In this paper, we report the green synthesis of SM-CuONC and SM-Co3O4NC using 
an ingenious material, mucus of A. fulica. Additionally, we are also reporting the indis-
putable potential of as synthesized SM-CuONC and SM-Co3O4NC for antimicrobial 
and anticancer drug development. We also studied the antioxidant and phytotoxicity of 
A. fulica mucus mediated SM-CuONC and SM-Co3O4NC. With all above-mentioned 
applications, we also unfurled the various disease causing mosquito larvicidal activity of 
both the bio-nanocomposites.

Materials and methods
Collection of snails and mucus extraction

Healthy snails with average weight of 25–30 gm were collected from the college cam-
pus, agricultural field and gardens near Junnar tehsil of Maharashtra State, India by 
hand picking method during monsoon season and were used for this study. The snails 
were kept in wooden boxes (50 cm width × 30 cm height), containing 30 snails each. The 
boxes were sprinkled daily with water to maintain humidity and fed with leaves of Lac-
tuca sativa. Mucus was collected from 50 healthy individuals, the collected mucus was 
stored. Before collection of the mucus, snails were starved for 3 days and mucus around 
3 ml/snail was collected by stimulating the pedal glands with the fingers in laminar air 
flow to avoid any contamination. Moreover during collection of mucus latex gloves were 
used as protection and much caution was taken to avoid the mixing of fecal matter with 
mucus. The shells of snails were also cleaned with double distilled water to avoid entry 
of dust or soil particles if present on shell. Afterwards the mucus samples were stored at 
−20 °C until being used for further experiments (Sallam et al. 2009). After collecting the 
mucus, the snails were freed back to their original natural habitat.
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Synthesis of copper and cobalt oxide bio‑nanocomposites

The bio-nanocomposites of copper and cobalt oxides were synthesized within 
mucus matrix of A. fulica. In a typical procedure, 0.2 M copper sulphate and 0.2 M 
cobalt nitrate was mixed separately with diluted (1:9 v/v) 100 ml of A. fulica mucus 
and the reaction mixture is incubated at room temperature with constant stirring 
for 1 h. After completion of incubation period, the pH of both reaction mixtures was 
adjusted to 9 using 0.1 M NaOH and continued stirring for another 1 h. The reaction 
mixtures containing SM-CuO and SM-Co3O4 NCs were separated by centrifugation 
at 10,000  rpm for 10  min. The obtained NCs were washed thrice with double dis-
tilled water and dried at 90 °C (Rangel et al. 2020).

Physico‑chemical characterization of the resultant SM‑CuO and SM‑Co3O4NCs
For UV–Visible spectroscopy study, mucus of A. fulica and as synthesized SM-CuO 
and SM-Co3O4 NCs were separately suspended in sterile distilled water. The spec-
tra were recorded using UV-visible–NIR spectrophotometer (JASCO V-770) in the 
wavelength range of 200–400 nm against distilled water as base line solution using 
optiglass cuvette with path length of 10 mm and bandwidth of 1.0 nm. A PANalyti-
cal X’PERT PRO equipment was used to capture the powder X-ray diffraction (XRD) 
pattern of the synthesized material in the 2θ range of 20º—80º with iron-filtered Cu 
 Kα radiation (λ = 1.54 Å) and step size of 0.013º. The powdered samples were spread 
on the glass slide used to record the spectra. The particle size was examined by Field 
Emission Scanning Electron Microscopy (FESEM: Hitachi S-4200). The material’s 
elemental composition was also determined using Energy Dispersive X-ray Analy-
sis (EDAX). The synthesized powdered samples were dispersed in ethanol and then 
drop-casted on a silicon wafer to capture the images using FESEM. An accelerat-
ing voltage of 200  keV with a Schottky field emitter source with maximum beam 
current (> 100 nA) and small energy spread (0.8  eV or less) was utilized to assess 
the morphology and particle size using a Transmission Electron Microscope (TEM) 
(FEI Tecnai T20). The powder samples obtained were dispersed in ethanol and then 
drop-casted on carbon-coated copper TEM grids with 200 mesh and loaded into a 
single tilt sample holder. Thermo Fisher Scientific’s X-ray Photoelectron Spectrom-
eter (XPS) K-Alpha + was used to record the X-ray photoelectron spectra for Cu, 
and O. The monochromatic Al  Kα (hν = 1486.6 eV) was used as the X-ray source was 
operated in an ultra-high vacuum system with a base pressure of 5 X  10–9  Torr, a 
beam current of 6 mA, and a potential of 12 kV coupled with a Physical Electronics 
04–548 dual Mg/Al anode. The XPS measurement made use of a 400 μm spot size. 
The pressed pallets of the synthesized samples were used to record the XPS spectra 
and XPS PEAK 4.123 was used to deconvolute the captured XPS data. Information 
about the functional group bonding between SM-CuO and SM-Co3O4NCs with the 
snail mucus matrix was obtained using Fourier Transform Infra-Red (FTIR) spec-
troscopy (JASCO FT/IR-6100 FTIR spectrophotometer) recorded in the attenuated 
total reflection (ATR) mode with an ATR Pro One unit for the powder sample. For 
XRD and XPS investigations, dried as-prepared powder samples were directly used 
without any further processing.
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Microorganisms and growth conditions

Bacterial strains viz., Escherichia coli NCIM 2065, Staphylococcus aureus NCIM 5021, 
Klebsiella pneumoniae NCIM 2957 and Pseudomonas aeruginosa ATCC 9027 and one 
fungi Aspergillus fumigatus NCIM 902 were used. The pure cultures of all the strains 
used for study were obtained from National Collection of Industrial Microorganisms, 
National Chemical Laboratory (NCL), Pune. All four species of bacterial strains were 
maintained in nutrient agar at 37 0C and fungi was maintained on potato dextrose agar 
at 28 0C.

Antimicrobial activity and MIC/MBC of SM‑CuO and SM‑Co3O4NCs

The antimicrobial activity of SM-CuO and SM-Co3O4NCs was ascertained by the agar 
well diffusion method using nutrient agar (NA) medium. The bacterial inoculum was 
prepared separately from the 24 h old culture on nutrient agar medium. The final con-
centration of bacterial inoculum was adjusted to approximately  106 CFU/ml. Dispersion 
of SM-CuO and SM-Co3O4 NCs was added in the well of the test media which were pre-
viously inoculated with each test micro-organisms. The zones of inhibition were meas-
ured after 24 h of incubation at 37 0C. Minimum Inhibitory Concentration (MIC) was 
determined by serially diluting SM-CuO and SM-Co3O4 NCs with concentration range 
of 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 µg/ml. All assays were carried out in tripli-
cate and sterilized distilled water was used as a control test. The minimum bactericidal 
concentration (MBC) / minimum fungicidal concentration (MFC) of SM-CuO and SM-
Co3O4NCs was determined by sub-culturing the samples from tubes of the MIC assay 
on freshly prepared nutrient agar plates or potato dextrose agar plates, and incubating at 
37 °C or 28 °C for 48 h. (Chin et al. 2008).

Growth curve study

To study the growth curves, bacterial cell concentration of  106 CFU/ml was adjusted in 
Muller-Hinton Broth, then exposed to SM-CuO and SM-Co3O4NCs at different concen-
trations (1/2 MIC, and MIC). Each culture was incubated in a shaking incubator at 37 0C 
for 24 h. Growth curves of bacterial cell cultures were attained through repeated meas-
urements of the optical density (OD) at 600 nm after every 2 h and growth curve of OD 
against time was plotted using Origin 8. (Chin et al. 2008).

Cell membrane leakage

This phenomenon was experimentally investigated using fixed concentration, i.e., MIC 
of SM-CuO and SM-Co3O4NCs. For harvesting cells, fifty milliliters of exponentially 
growing cells were centrifuged and suspended in the sodium phosphate buffer (50 mM, 
pH 7.0). These cells were exposed to the test containing functionalized bio-nanocom-
posites separately for 90  min. while control set lacks SM-CuO and SM-Co3O4NCs. 
The method of Heipieper was followed to determine leakage of cellular material which 
absorbs at  UV260 and  UV280. An aliquot of 2 ml was withdrawn from the test and control 
samples with interval of 15 min and optical density were measured using UV-VIS–NIR 
(Jasco V – 770) spectrophotometer at 260 and 280 nm. The experiments were repeated 
thrice (Heipieper et al. 1992).
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Cell line and culture

Human colon cancer (HCT-15), Cervical cancer (HeLa), Breast cancer (MDA-MB-231), 
and normal (L929) cell lines were purchased from National Centre for Cell Sciences 
(NCCS). All the cells were cultured in RPMI 1640 medium containing 10% fetal bovine 
serum (FBS), 50  U/ml penicillin/streptomycin and 2  mM L-glutamine. The cells were 
plated in 96-well plates at a density 1 ×  104 cells/well and allowed to adhere at 37 °C with 
5%  CO2 for 24 h. Cultures were examined using an inverted microscope to evaluate the 
quality of confluence and confirming absence of bacterial and fungal contaminants.

Anticancer activity

The culture medium containing 10% FBS are aspirated from plate and cells were treated 
with four different concentrations i.e. 5, 10, 15 and 20  µg/well of SM-CuO and SM-
Co3O4NCs separately in triplicate. The highest concentration used is 100% of test sample 
along with positive control, vehicle control and control (blank) which is culture medium 
in triplicate. The treated and untreated cells were incubated for 24 ± 2 h. at 37 °C with 
5%  CO2. After 24 h. treated culture vessel is examined under inverted microscope. After 
examination culture medium was removed carefully from culture vessel. About 10  µl 
of MTT solution and 90 µl DMEM culture medium solution are added in culture ves-
sel and incubated for 2–4 h. at 37 °C with 5%  CO2. The solution is decanted and MTT 
solution is added in culture vessel. The culture vessel is then swayed and absorbance is 
recorded at 492 nm (Riss et al. 2016).

Total antioxidant activity

For total antioxidant activity assay, the reaction mixture contains 0.1  ml test samples 
like snail mucus or  CuSO4 or  CoNO3 or SM- CuO NCs or SM-Co3O4NCs with differ-
ent concentrations (10–50  µg/ml) and 1  ml of reagent solution containing 0.6  M sul-
furic acid, 28 mM sodium phosphate and 4 mM ammonium molybdate in a eppendorf 
tube. The capped tubes were incubated in hot air oven at 95 °C for 90 min. After cooling 
to room temperature, the absorbance of test solution was measured at 695 nm against 
blank. Ascorbic acid was used as standard and the total antioxidant capacity is expressed 
as equivalents of ascorbic acid. The experiment was carried out in triplicate (Prieto et al. 
1999).

Mosquito larvicidal activity

For this experiment, Aedes aegypti was breed in the laboratory to obtain larvae of uni-
form and particular age. To carry out the experiment, ten larvae (1st to 4th instar and 
pupae) were placed in dechlorinated water and different concentrations (10–50 mg/l) of 
SM-CuONC and SM-Co3O4NC were mixed separately with 0.5 mg larval food for each 
test (WHO 1996; Santhoshkumar et al. 2010). The larvicidal activity of both bio-nano-
composites against each instar and the pupae were replicated thrice in a glass beaker. 
In each case, the control experiment consists of 10 larvae/pupae in distilled water. The 
number of dead larvae/pupae are considered as larvicidal activity of bio-nanocompos-
ites and control mortality was corrected using Abbott’s formula and average percentage 
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mortality was calculated (Abbott 1925). The standard error bars are also given in the 
graphs.

Phytotoxicity study

For phytotoxicity study, seeds of Triticum aestivum were treated with 1% sodium 
hydrochloride and allowed to germinate separately in the presence of 250, 500, 750 and 
1000 mg/l of SM-CuONC and SM-Co3O4NC, tap water as control and also with solution 
of copper sulphate and cobalt nitrate (500 mg/l). The treated seeds were then transferred 
on a filter paper in the petri dishes, (with 10 seeds per dish) and further subjected to 
incubation for seven days and subsequently placed in a growth chamber maintained at 
25 °C with 12 h light and 12 h dark period. Each experiment was replicated thrice. After 
incubation period number of seeds showing sprouts are considered as germinated seeds 
and were counted.

Results and discussion
Synthesis of nanoparticles from animal products

In the present research, we synthesized SM-CuO and SM-Co3O4NCs using A. fulica 
mucus. There are several reports on use of plant metabolites, microorganisms, etc. to 
synthesize the nanoparticles. But use of these materials required efforts such as cultur-
ing, harvesting, extraction etc. and also leads to extinction of plant species (Griffin et al. 
2018). Aforementioned approaches require energy which automatically increases cost of 
the process. To overcome these shortfalls, alternative strategies need to be developed. 
In this concern, use of animal derived material is the promising solution. Unfortunately 
there are very few reports of using animal derived material for synthesis of nanoparticles 
as compared to plant and microbial materials.

In literature, it was noted that bee honey was used for the synthesis of gold, silver, cop-
per oxide nanoparticles (Philip 2009). Surprisingly, as per our literature survey there is 
not a single report on synthesis of copper oxide and cobalt oxide using A. fulica mucus. 
The schematic representation of mechanism of bio-nanocomposite synthesis is repre-
sented in Fig. 1. In this investigation, for the synthesis of SM-CuO and SM-Co3O4NCs 
diluted A. fulica mucus is only used and no any extraction process for bio-molecules is 

Fig. 1 Schematic representation of bio-nanocomposite synthesis
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required. Surprisingly, single nanocomposite systems exhibited many biological activi-
ties like antimicrobial, antioxidant, mosquito larvicidal, etc. Furthermore, both the 
bio-nanocomposites exhibited anti-cancer activities against three human cancer lines 
without showing toxicity against normal cell lines.

Characterization of SM‑CuO and SM‑Co3O4NCs

The mucus of A. fulica contains number of proteins, amino acids, carbohydrates, etc. 
These bio-chemical compounds act as an encapsulating agent and reduce copper and 
cobalt hydroxide which are generated after reaction between metal precursor with 
hydroxyl anion generated by water to form copper oxide and cobalt oxide nanocompos-
ites (Nagajyothi et al. 2017). In our previous study, the mucus of A. fulica was used for 
synthesis of silver nanocomposites (Mane et al. 2021).

For confirmation of green synthesized nanoparticles, UV-visible spectroscopy is the 
perfect tool. In synthesis of green nanoparticles, the preliminary indication of nanopar-
ticles synthesis is the colour change due to the reaction (Siddiquee et al. 2021). In the 
present investigation, formation of copper oxide bio-nanocomposites was confirmed by 
change in colour of the reaction mixture from ocean green to blackish brown and for 
cobalt oxide bio-nanocomposites the colour change was from light brown to dark brown 
after 2 h of reaction due to surface plasmon resonance phenomenon.

In Fig. 2a, b it was observed that, the absorption spectra of the reaction mixture for 
copper oxide exhibit the distinct peak at 280 nm and for cobalt oxide it was at 307 nm 
which is nearer to the other studies for green synthesis of copper and cobalt oxide nano-
particles (Koshy et al. 2011; Farhadi et al. 2016).

X‑ray diffraction (XRD)

As seen in Fig. 3a, b, the X-ray diffraction analysis was done to establish the crystalline 
nature of the CuO and  Co3O4. CuO peak observations closely matched the JCPDS card 
number (JCPDS No. 80-0076) in the XRD pattern. The (hkl) values of Bragg’s reflections 
of the CuO structure were determined to be (110), (-111), (111), (-202), (020), (202), 
(-113), (-311), and (113) at positions of 32.5º, 35.6º, 38.6º, 48.9º, 53.4º, 58º, 61.4º, 66.3º, 
68.1º, 72.2º, and 75.3º. CuO’s recorded XRD pattern showed no further impurities, indi-
cating a pure phase. At the same time, the XRD pattern of  Co3O4 shows the peaks at 2θ 

Fig. 2 UV–Vis Spectrum of as synthesized a SM-CuO and b SM-Co3O4NCs
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positions of 19.3º, 30.9º, 38º, 45º, 55.4º, and 76.8º related to the (hkl) values of Bragg’s 
reflections of  Co3O4 of (111), (220), (222), (400), (422), and (533). The remaining peaks 
not matched with the JCPDS file in the  Co3O4 are matched with the bioentity. The sharp 
peaks in both compounds confirm the crystalline nature of the samples.

Field Emission Scanning Electron Microscopy (FESEM)

FESEM images show the quasi-spherical morphology of the synthesized CuO and  Co3O4 
nanocomposites. The FESEM images were recorded at 1 μm and 500 nm scale to get the 
particle size, as shown in Fig. 4a, b, d and e. The  Co3O4 nanocomposites show the flake’s 
morphology made up of a combination of small quasi-spherical particles. At the same 
time, Fig. 4c, f shows the histogram for particle size calculation. The particle histogram 
was calculated by taking in accordance of 30 particles. The synthesized CuO and  Co3O4’s 
average particle size was ~ 18 nm for both nanocomposites. The particle size of the syn-
thesized samples confirms the particle in nm scale i.e., nanoparticles. Figure 5a, b and 
c shows the EDAX mapping for the Cu and O elements present in CuO nanocompos-
ites. Figure 5d, e and f reveals the presence of Co and O in  Co3O4 nanocomposites. The 
EDAX mapping confirms the presence of Cu, Co, and O on the surface of synthesized 
CuO and  Co3O4 samples.

Transmission electron microscopy (TEM)

As shown in Fig. 6a, b, c and d, TEM was used to study the morphology of CuO and 
 Co3O4 nanocomposites. In some places, nanorods with a quasi-spherical-like shape 
were seen for the CuO. However, for the  Co3O4, flakes along with the small particles 
appeared in the morphology. The FESEM and TEM show the same morphology for both 
composites. The morphology gives the nanoscale particles confirming the nanoparticle 
synthesis of samples. TEM images were recorded at 100 nm and 20 nm scales to depict 
the shape and size of the synthesized samples. Thus the claim of nanoparticle synthesis 
can be proved from both microscopy images.

Fig. 3 XRD pattern of a CuO matched with the reported JCPDS data [JCPDS No. 80-0076], and b  Co3O4 
matched with the reported JCPDS data [JCPDS No. 42-1467]
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Fig. 4 Field Emission Scanning Electron Microscopy images of a, b CuO nanocomposites and d, e  Co3O4 
nanocomposites. The histogram shows the average particle size of c the CuO to ~ 18.1 nm and f for  Co3O4 
also ~ 18 nm

Fig. 5 EDAX mapping for the elements present in a–c CuO and d–f  Co3O4 nanocomposites
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X‑ray photoelectron spectroscopy (XPS)

CuO nanopowder’s chemical makeup, purity, and oxidation level have all been verified 
using the potent surface-sensitive method known as XPS analysis. As a reference, the 
binding energies were calibrated using the C 1 s (carbon 1 s) peak at ~ 284.8 eV. Cu 2p 
and O1s’ high-resolution (core XPS) spectra are displayed in Fig. 7a, b, c, and d. By hav-
ing the prominent shake-up peak, as seen in Fig. 7a, the XPS results can distinguish CuO 
from  Cu2O and metallic copper (Yuji et al. 2012; Muhammad et al. 2020). Cu2p’s core 
level or limited energy range spectra exhibit a significant shake-up peak at the higher 
binding BE side of the Cu 2p3/2 and Cu 2p1/2. This finding suggests that the Cu3d9 shell 
is unfilled. The discovery of an unfilled  Cu3d9 shell further supported the presence of 
 Cu2+ in the sample of CuO. Additionally, the peaks at ~ 954 eV and ~ 934 eV in the core 
level spectra of Cu 2p might be attributed to Cu2p1/2 and Cu2p3/2 of CuO, respectively. 
Cu 2p3/2 and Cu 2p1/2, which are the properties of  Cu2+ ions, can be attributed to the 
peaks at ~ 934 eV and ~ 954 eV with a spin-energy separation of 20 eV. At the same time, 
satellite peaks with binding energies of ~ 937 eV, ~ 943 eV, ~ 957 eV, and ~ 962 eV provide 

Fig. 6 Transmission electron microscopy images of a–b CuO nanocomposites and c–d  Co3O4 
nanocomposites
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further evidence of the presence of CuO in the composites (Yuji et  al. 2012; Muham-
mad et  al. 2020; Jing et  al. 2018; Wenbo et  al. 2020). High-resolution XPS spectra for 
O1s in CuO nanocomposites are de-convolved in Fig.  7b. The high-resolution XPS 
spectra of O 1 s in CuO have three peaks at ~ 530 eV, ~ 532 eV, and ~ 533 eV (Fig. 7b). 
The peak at about ~ 530 eV, which is stronger, can be attributed to the binding energy 
of the  O2− ion at the metal oxide sites  (Cu2+-  O2−) and is in good accord with the bind-
ing energy of lattice oxygen  (O2−) in the CuO lattice. The ~ 532 eV and ~ 533 eV peaks 
may indicate that water has been physically or chemically absorbed on or within the sur-
face (Muhammad et al. 2020; Jing et al. 2018; Wenbo et al. 2020). Figure 7c, d shows the 
core level XPS spectra of Co 2p and O 1 s of  Co3O4 nanocomposites. The Co 2p spectra 
were divided into two main peaks located at ~ 780 eV and ~ 796 eV, corresponding to Co 
2p3/2 and Co 2p1/2, respectively, with a spin energy interval of 16  eV. The deconvolu-
tion of core level spectra shows the peaks at ~ 781 eV and ~ 796 eV corresponding to the 
 Co2+ state, whereas the peak at ~ 779 eV shows the presence of  Co3+. The other peaks 
in the spectra show the satellite peaks at ~ 785 eV and ~ 801 eV (Xiao-Ming et al. 2021; 
Jingjing et al. 2018; Wu et al. 2015). The O 1 s spectra in  Co3O4 nanocomposites show 
three peaks over deconvolution at ~ 528 eV, ~ 530 eV, and ~ 531 eV, corresponding to dif-
ferent oxygen-containing chemical bonds. The peak positioned at ~ 528 eV and ~ 530 eV 
can be attributed to the binding energy of the  O2− ion at the metal oxide sites (Co–O), 

Fig. 7 Core level XPS spectra of a Cu 2p and b O 1 s in CuO nanocomposite and c Co 2p and d O 1 s in 
 Co3O4 nanocomposite
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and ~ 531 gives the presence of hydroxide (Xiao-Ming et al. 2021; Jingjing et al. 2018; Wu 
et al. 2015).

Antimicrobial activity of SM‑CuO and SM‑Co3O4NCs

After successful synthesis of SM-CuO and SM-Co3O4NCs, the nanocomposites were 
used to observe their multifaceted bioactivities as shown in Fig. 8. In the present inves-
tigation, the well diffusion method was employed to explore the antimicrobial potential 
of as synthesized SM-CuO and SM-Co3O4NCs against four human pathogenic bacteria 
and fungi and the results are elicited in Table 1. The suspension of SM-CuO and SM-
Co3O4NCs with varying concentrations ranging from 20 to 60  µg/well was employed 
against both Gram Positive and Gram Negative bacteria and fungi (Additional file 1: Fig-
ure S1a, b). In addition, the antimicrobial activity of 1:9 diluted snail mucus was also 
carried out to confirm that the present activity is due to as synthesized bio-nanocom-
posite only. Furthermore, the result of this study was compared with standard antibi-
otic i.e., Azithromycin against bacteria and Clotrimazole against fungi (Table  1). The 
results demonstrated that the antimicrobial activity depends on concentration of both 
bio-nanocomposites and exhibit significant antimicrobial activity against E. coli and A. 
fumigatus at 60 µg/well concentration. However, SM-CuONC exhibited maximum anti-
microbial activity against E. coli and A. fumigatus. In literature it is mentioned that, the 
antimicrobial activity of nanoparticles depends on the shape of nanoparticles. It was 
further elaborated that the rod or wire-shaped nanoparticles penetrates easily into the 
cells and hence exhibits more antimicrobial activity than spherical shapes (Yang et  al. 
2009). In the present study also SM-CuONCs are rod-shaped while SM-Co3O4NCs are 
quasi-spherical, hence SM-CuONCs exhibited more antimicrobial activity as compared 
to SM-Co3O4NCs. The antimicrobial activity of both bio-nanocomposites was further 
reconnoitered using MIC and MBC. It was also noted that the minimum inhibitory 

Fig. 8 Schematic representation of biological activities of SM-CuO and SM-Co3O4NCs
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concentration of SM-CuONC against E. coli was 20 µg/ml while in case of SM-Co3O4NC 
it was 60 µg/ml (Table 2). In recent literature related to global death burden associated 
with bacterial pathogens, it was prominently mentioned that, during 7.7 million deaths 
are associated with 33 bacterial pathogens. It was also noted that from the list of bacte-
rial pathogens, there are five leading bacteria which caused 54.9% of total deaths. These 
five leading bacteria include Staphylococcus aureus, Escherichia coli, Streptococcus pneu-
moniae, Klebsiella pneumoniae and Pseudomonas aeruginosa (Ikuta et  al. 2022). Sur-
prisingly in the present study our both bio-nanocomposite systems exhibited excellent 
antimicrobial activity against Staphylococcus aureus, Escherichia coli, Klebsiella pneu-
moniae and Pseudomonas aeruginosa.

In literature it is noted that copper oxide nanocomposites consist of significant anti-
microbial action on both Gram Positive and Gram Negative bacteria which is because of 
attraction of copper ions towards amines and carboxyl groups present on microbial cell 
surface. The copper ion released from CuO nanocomposites also binds with DNA and 
disturbs the helical structure and biochemical processes when it enters into the cell (Kim 
et al. 2000).

While in case of cobalt oxide nanocomposites, cobalt ions react with the thiol group of 
enzymes which lead to inactivation and cell death. The ions from cobalt oxide nanocom-
posites react with negatively charged bacterial cell surface and disturb vital life processes 
such as cell reproduction, breathing, etc. (Haq et al. 2021).

In literature, it is noted that antimicrobial activity in fungi is less as compared to bacte-
ria which is due to its more firm cell wall. The fungal cell wall is made up of chitin hence 
most of the nanoparticles cannot easily enter into the cell. In case of bacterial cell wall 
which is made up of peptidoglycan and is not firm like that of fungi hence nanoparticles 
can easily enter into the cell and exhibit more antimicrobial activity (Qamar et al. 2020). 
Recently WHO released the first ever list of life threatening fungi in which drug resistant 
A. fumigatus is included in priority category on which more action is needed. Notewor-
thy, as shown in Additional file 1: Figure S2 the present study confirms that both SM-
CuO and SM-Co3O4NCs exhibited promising antifungal activity against A. fumigatus 
(Alastruey-Izquierdo 2022).

Another important aspect of this study is that, both the bio-nanocomposites exhibited 
potent antimicrobial activity against Gram negative bacteria also. In most of the studies, 
it is mentioned that the cell wall of Gram positive bacteria is thick but porous in nature 
with maximum permeability while Gram negative bacteria consist of thin cell wall with 
less permeability. Due to this difference in porosity nature of bacteria, most of the time 
the antibacterial activity is less in Gram negative bacteria (Bankier et al. 2019).

Growth curve assay

Furthermore, to elaborate the antimicrobial study of both bio-nanocomposites, we car-
ried out the growth curve assay using E. coli as a model organism. In this assay, it was 
found that at 20 µg/ml of SM-CuONC, the growth of E. coli was completely inhibited 
while in case of SM-Co3O4NC the growth of E. coli was completely inhibited at 60 µg/ml 
(Fig. 9a, b).
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The growth of E. coli was inhibited due to the interaction of copper and cobalt ions 
released from copper oxide and cobalt oxide bio-nanocomposites with intracellular 
proteins (Bossi et al. 2016). As copper and cobalt are essential trace elements, but ele-
vated intracellular concentration leads to pro-oxidative reactions which cause cell death 
(Meghana et al. 2015). The generation of reactive oxygen species (ROS) which inhibits 
the growth, more precisely in case of Gram-negative strains is the mechanism involved 
in inhibition of bacterial growth (Nair et  al. 2009). As E. coli is Gram-negative strain, 
hence the mechanism of ROS generation is presumed to be responsible for the cell 
death.

Cell integrity study

The bacterial cell membrane acts as a protective component which will be compromised 
during exposure of cells to antibiotics, nanocomposites, biocides, etc. Hence for the 
study of cell integrity, the release of intracellular compounds will be considered as indi-
cator of cell integrity. When any biocidal compounds lead to loss of membrane integ-
rity, the small ions like potassium and phosphate, etc. and other biochemical materials 
including DNA, RNA leach out (Santo et al 2008).

In the present investigation, the cells of E. coli exposed to SM-CuO and SM-Co3O4NCs 
at MBC concentration and UV–Visible study on the release of 260 and 280  nm was 
observed and results are shown in Table 3. Moreover, the results of the empirical studies 
showed that after exposure of E. coli cells to CuO NCs and  Co3O4 NCs, there is sud-
den increase in the optical density (OD) of bacterial suspension after 15 min. This quick 
increase at 260 and 280 nm indicates the fast killing potential of both the studied NCs.

Anticancer activity

In recent years, there is growing interest in development of nano-based anticancer 
drugs. The present anticancer study contemplates about potential of SM-CuO and SM-
Co3O4NCs against colon, cervical and breast cancers. From the results of this study, it is 
evident that both the bio-nanocomposites showed clear cytotoxic effects against colon, 
cervical and breast cancer cell lines with concentration- response dependent manner 
and maximum percent kill was noted at 50 µg/well concentrations (Fig. 10a, b and c). 
The present investigation is the first report on synthesis of SM-CuO and SM-Co3O4NCs 
using A. fulica mucus representing anticancer as well as antimicrobial activities. Most 
important thing about the present anticancer study is that the estimated new cases of 
cancer are related to colon, cervical and breast cancer cells and death rate of these can-
cer is also high (Siegel et al. 2017).

In case of SM-CuONC, at 20  µg/well concentration, 68.66 ± 3.72, 62.66 ± 3.61 and 
71.00 ± 2.36 percent kill was achieved against HCT, HeLa and MDA-MB-231 cell lines, 
respectively. While SM-Co3O4NC exhibited 61.00 ± 3.57, 72.66 ± 4.50 and 71.66 ± 4.22 
percent kill against HCT, HeLa and MDA-MB-231 cell lines, respectively. This investi-
gation also substantiates that SM-CuONC exhibits better results against MDA-MB-231 
cell lines while SM-Co3O4NC shows better anticancer activity against HeLa cell lines.

For thousands of year, copper compounds are used for the treatment of several dis-
eases including cancer (Hajra and Liu 2004). Copper is toxic to mammalian cells but due 
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to nanotechnology, copper nanoparticles can be used to treat specific cells with low tox-
icity towards the normal cells (Nagajyothi et al. 2017; Phull et al. 2021).

Nowadays, for killing cancerous cells, chemotherapy is widely used but chemothera-
peutic agents work non-specific which leads to toxicity towards the normal cells also. It 
was reported that copper nanoparticles attracting many researchers for the management 
of cancer with biological synthesis method (Harne et al. 2012).

Additional file 1: Figures S3a, b, S4a, b and S5a, b show the significant reduction in the 
number of HCT, HeLa and breast cancer cells treated with different concentrations of 
SM-CuO and SM-Co3O4NCs as compared to control after 24 h.

Like copper, cobalt is also considered as an essential trace element for human being as 
well as for other animals. The most important fact about cobalt is that, it shows lower 
toxicity as compared to other non-essential elements, hence cobalt comes in limelight 
for its application in anticancer drug discovery (Munteanu and Suntharalingam 2015).

As compared to normal cells, tumor cell membrane contains more amount of phos-
pholipids and the presence of acids in phospholipids leads to release of cobalt ions from 
cobalt oxide nanocomposites into the cells. This leads to damage of DNA and causes 
apoptosis (Chattopadhyay et al. 2012a, b).

It was also observed that cobalt nanoparticles can lead to cell apoptosis rapidly as com-
pared to other nanoparticles as cobalt nanoparticles easily enters into the cell membrane 
of cancer cells. It was also noted that the engulfment of copper into cells is carried out 
through the process of endocytosis. In this process cells uptake the nanoparticles like 
other macromolecules and proteins as by normal cells. In case of cancer cells uptake of 
nanoparticles is more incessant (Gal et al. 2015). Hence, applications of nanoparticles in 
cancer treatment are perfect asset. In the present study all cancer cell lines revealed that 
growth inhibition and cell death were increased in a dose-dependent manner. Micronu-
clei were mostly responsible for the rise in cell death, and both the bio-nanocomposites 
may prevent DNA strand breaks from being repaired. Thus, at all tested concentrations, 
SM-CuO and SM-Co3O4NCs showed strong cytotoxicity against cancer cell lines while 
negligible against normal cells (Wahab et al. 2011).

Antioxidant activity

It is well known that antioxidants are very important to human being as it protect our 
body from free radicals. In recent years, some progress was made in the field of nano-
technology for synthesis of nanomaterials endowed with antioxidant activity (Valgimigli 
et al. 2018). In the present study, we carried out antioxidant potential of SM-CuO and 
SM-Co3O4NCs and compared with metal salts and biomaterial, the results are presented 
in Additional file 1: Figure S6a, b, c, d and e. In case of SM-CuONC, the total antioxidant 
activity was found to be highest 55.33 ± 3.72 at concentration of 50 µg/ml while that of 
SM-Co3O4Ns was 52.00 ± 3.22 mM of ascorbic acid/µg of sample at same concentration.

The antioxidant activity of nanoparticles is mainly due to presence of proteins and 
some other biomolecules present in the solution of nanoparticles (Netala et al. 2016). In 
present investigation we synthesized SM-CuO and SM-Co3O4NCs using A. fulica mucus 
which contains plenty of proteins with several biomolecules and hence exhibits better 
antioxidant activity.
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Mosquito larvicidal activity

As far as mosquito larvicidal activity of Cuo and  Co3O4 nanoparticles are concerned, 
very few reports are present till today indicating the novelty of work. In the present 
study, we used SM-CuONCs and SM-Co3O4NCs against the mosquito larvae. We 
evaluated different concentrations of SM-CuO and SM-Co3O4 NCs ranging from 10 
to 50 mg/l. The result of this study exhibited that both bio-nanocomposites have dose-
dependent larvicidal potential against all the instars (I–IV) and pupae of A. aegypti but 
SM-CuONC shows 100% mortality of all the instars and pupae at the concentration of 
40 mg/l while  Co3O4 NCs shows 100% mortality for first three instars at 50 mg/l (Addi-
tional file 1: Figure S7a, b).

In one study, at higher concentrations (200 mg/l) of cobalt oxide nanoparticles only 
67.2% mortality of third instar larvae of A. aegypti were observed and 18.3% mortality 
was observed at lower concentration (25 ppm) (Khan et al. 2021). It is of paramount con-
cern to control such disease spreading insect vectors for the comfort of human beings. 
The recent strategy to control insect vector is application of synthetic insecticides which 
leads to certain threats to the different ecosystems. Unfortunately, very few studies have 
been carried out on unfurling the use of nanotechnology for developing insect control 
weapon (Mane et al. 2017). In the present study, we explored the potential of bio-nano-
technology by synthesizing SM-CuO and SM-Co3O4NCs from novel biomaterial to con-
trol A. aegypti.

There are some studies which used nanoparticles of selenium (Cittrarasu et al. 2021), 
zinc oxide (Amuthavalli et al. 2021), Au–Pd bimetallic (Minal and Prakash 2020), but for 
these studies they used higher concentration of nanoparticles to get 100% mortality. As 
compared to above studies, our present investigation revealed 100% mortality of all the 
larval instars and pupae at very low concentrations of bio-nanocomposites.

Cytotoxicity study

Additionally with biological activities of SM-CuO and SM-Co3O4NCs we carried out cell 
viability assay during the course of present investigation. The concentration dependent 
cell viability of normal cell line (L929) was determined and the results are exhibited in 
Table 4 and Additional file 1: Figure S8a, b. From the results, it is clear that upto 20 µg/
well concentration, SM-CuO and SM-Co3O4NCs suspension does not significantly affect 
the cell viability of L929 cells and showed around 14% inhibition by SM-CuONC and 
12% inhibition by SM-Co3O4NC.

In literature, it was also pointed out that cobalt nanoparticles exhibits low cytotoxicity 
against normal cells. It was further observed that even at higher concentrations, cobalt 
nanoparticles doesn’t exhibit high toxicity towards normal cells and surprisingly it shows 
toxicity against cancer cells even at low concentrations. Due to all these factors, cobalt 
nanoparticles are at top-spot for cancer treatment (Rauwel et al. 2020).

Phyto‑toxicity study

When we talk about development in nanotechnology, we must focus on its phyto-
toxicity also because nanoparticles can enter into the plants via root epidermis and 
distributed in all parts and exhibits toxicity (Szollosi et al. 2020).
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Hence, we assessed phytotoxicity of SM-CuO and SM-Co3O4NCs against Triticum 
aestivum. Here we studied the effects of SM-CuO and SM-Co3O4NCs on seed germi-
nation, root, shoot, chlorophyll and protein content of Triticum aestivum crop plant. 
It is interesting to note that in case of seed germination, 100% seeds were germinated 
up to 500 mg/l concentrations of SM-CuONC while in case of SM-Co3O4NC, 100% 
cells were germinated at 250 mg/l concentrations (Additional file 1: Figure S9a, b).

After germination we also observed root and shoot length. The results of this study 
revealed that root length and shoot length have stimulatory effects upto 500  mg/l 
when treated with SM-CuONC while in case of SM-Co3O4NC, root length and shoot 
length does not have any stimulatory effects (Additional file 1: Figure S10a, b).

This study further investigated the effects of both bio-nanocomposites on photosyn-
thetic parameters like chlorophyll a, chlorophyll b, total chlorophyll and protein con-
tent of Triticum aestivum. The results of this investigation revealed that at 200 mg/l 
of SM-CuONC and 250  mg/l of SM-Co3O4NC total chlorophyll content was found 
to be higher as compared to control (Additional file 1: Figure S13a, b). The results of 
chlorophyll a and chlorophyll b are represented in Additional file 1: Figures S11a, b 
and S12a, b. Outcome of this phytotoxicity study reveals that the present SM-CuO 
and SM-Co3O4NCs did not exhibit any acute toxicity on crop plants like Triticum 
aestivum and thus it is environmentally safe.

In another study it is mentioned that greater phytotoxicity was observed on plants 
with smaller seeds like cabbage, radish, etc. when compared to plants with larger 
seeds like wheat (Ma et al. 2010).

Table 1 Antimicrobial activity of SM-CuO and SM-Co3O4NCs

All the values are mean of three experiments, ± indicates S. D

Name of the microorganisms Zone of inhibition (cm)

Snail mucus (1: 
9) diluted

Azithromycin/
Clotrimazole (60 µg/
well)

SM‑CuONC 
(60 µg/well)

SM‑Co3O4NC 
(60 µg/well)

Escherichia coli 0.00 2.30 ± 0.26 2.36 ± 0.31 1.60 ± 0.17

Klebsiella pneumoniae 0.00 1.10 ± 0.17 1.93 ± 0.27 1.30 ± 0.17

Pseudomonas aeruginosa 0.00 2.12 ± 0.21 1.50 ± 0.26 1.33 ± 0.31

Staphylococcus aureus 0.00 0.98 ± 0.34 1.06 ± 0.18 1.36 ± 0.22

Aspergillus fumigatus 0.00 0.00 ± 0.00 2.36 ± 0.59 1.56 ± 0.22

Table 2 MIC/MBC of SM-CuO and SM-Co3O4 NCs

Name of the microorganisms MIC/MBC (µg/ml)

SM‑CuONC SM‑Co3O4NC

Escherichia coli 20 60

Klebsiella pneumoniae 40 70

Pseudomonas aeruginosa 60 70

Staphylococcus aureus 70 90

Aspergillus fumigatus 20 60
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In one more study, it was mentioned that copper oxide nanoparticles at concentra-
tion of 500 mg/kg reduce the root growth and lead to negligible phytotoxicity to the 
plants. It also does not affect chlorophyll production in Coriandrum sativum at low 
concentration (Siddiqi and Husen 2017).

Chlorophyll is the only important parameter which can be correlated with pho-
tosynthetic rate. Here we found that at lower concentrations of both the bio-nano-
composites, chlorophyll content was enhanced which could be due to increased 
accumulation of soluble proteins playing important role in plant metabolic activities 
(Arora et al. 2012).

Conclusion
This is the first study on the production of SM-CuO and SM-Co3O4NCs utilizing the 
mucus of A. fulica and their use in various pharmaceutical processes. The novel use 
of A. fulica mucus for environmentally friendly, low-cost synthesis of SM-CuO and 
SM-Co3O4NCs was shown in the current study. A. fulica mucus includes strong bio-
molecules that are essential for the bio-reduction of metal salts and the creation of 
nanocomposites, as shown by the study. In this work, two bio-nanocomposites were 
synthesized as, SM-CuONCs are rod shaped and SM-Co3O4NCs are quasi-spherical 
in shape. The average size of both bio-nanocomposites is approximately 18  nm. Both 

Fig. 9 Growth curve assay of as synthesized a SM-CuO and b SM-Co3O4NCs

Table 3 Cell membrane leakage at  UV260 and  UV280 nm after SM-CuO and SM-Co3O4 NCs treatment

Time (min.) Absorbance

UV260nm UV280nm

Control SM‑CuO NCs SM‑Co3O4 NCs Control SM‑CuONCs SM‑Co3O4 NCs

15 0.07 0.39 0.40 0.10 0.41 0.43

30 0.07 0.41 0.40 0.10 0.44 0.44

45 0.07 0.42 0.41 0.11 0.61 0.59

60 0.08 0.43 0.42 0.11 0.63 0.61

75 0.08 0.44 0.43 0.12 0.75 0.72

90 0.09 0.44 0.43 0.12 0.79 0.80
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bio-nanocomposites in this investigation shown remarkable antibacterial, anticancer, 
antioxidant, and mosquito larvacidal properties. Most importantly, both bio-nanocom-
posites neither exhibit any phytotoxicity nor cytotoxicity. The antimicrobial, antican-
cer, and antioxidant properties of SM-CuO and SM-Co3O4NCs can also be applied to 
a variety of biomedical applications. Due to the fact that both bio-nanocomposites were 

Fig. 10 Anticancer activity of as synthesized SM-CuO and SM-Co3O4NCs against Human a Cervical cancer 
(HeLa), b Colon cancer (HCT-15), and c Breast cancer (MDA-MB-231)

Table 4 Cyto-toxicity study of SM-CuO and SM-Co3O4NCs against normal cell line

All the values are mean of three experiments, ± indicates S. D

Sr. No Concentrations of bio‑nanocomposites 
(µg/well)

Cell viability (%) after 24 h

SM‑CuONC SM‑Co3O4NC

1. Blank 100.0 ± 0.00 100.0 ± 0.00

2. Vehicle control 98.33 ± 1.03 98.33 ± 1.03

3. Positive control 28.00 ± 4.09 28.00 ± 4.09

4. 5 97.33 ± 1.86 97.33 ± 1.36

5. 10 96.00 ± 3.22 94.00 ± 2.68

6. 15 92.67 ± 5.24 91.67 ± 3.14

7. 20 86.33 ± 6.59 88.00 ± 6.26
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found to be mosquito larvicidal against A. aegypti, they can also be employed to prevent 
diseases that are transmitted by insects, especially mosquito-borne diseases. As both 
bio-nanocomposites are non cytotoxic and non phytotoxic, they can also be used for 
other purposes including cosmetics, drug delivery and also environmental applications 
in future. Still more in vitro and in vivo research on copper and cobalt oxides bio-nano-
composites is needed.

Supplementary Information
The online version contains supplementary material available at https:// doi. org/ 10. 1186/ s12645- 023- 00226-2.

Additional file 1: Figure S1. Digital photograph of antibacterial activity of a) SM-CuO and b) SM-Co3O4NCs against 
human pathogenic bacteria. KP—Klebsiella pneumoniae, EC—Escherichia coli, PA—Pseudomonas aeruginosa and 
SA—Staphylococcus aureus. Figure S2. Digital photograph of antifungal activity of a) SM-CuO and b) SM-Co3O4NCs 
against Aspergillus fumigatus. Figure S3. Cancer cell apoptosis observed under inverted microscope (a) – SM-CuONC 
and (b) – SM-Co3O4NC HeLa (Cervical cancer). Figure S4. Cancer cell apoptosis observed under inverted microscope 
(a) – SM-CuONC and (b) – SM-  Co3O4NC HCT-15 (Colon cancer). Figure S5. Cancer cell apoptosis observed under 
inverted microscope (a) – SM-CuONC and (b) – SM-  Co3O4NC MDA-MB-231 (Breast cancer). Figure S6. Antioxidant 
activity of a) copper sulphate, b) cobalt nitrate, c) snail mucus, d) SM-CuONC and e) SM-Co3O4NCs treatments at 
different concentrations (10 to 50 µg/ml). Figure S7. Mosquito larvicidal activity of a) SM-CuO and b) SM-Co3O4NCs. 
Figure S8. Cyto-toxicity evaluation of a) SM-CuONC and b) SM-Co3O4NC on normal (L929) cell line. Figure S9. Effect 
of bio-nanocomposites on seed germination of Triticum aestivum a) SM-CuO treated and b) SM-Co3O4NCs treated. 
Figure S10. Effect of bio-nanocomposites on root & shoot length of Triticum aestivum a) SM-CuO treated and b) 
SM-Co3O4NCs treated. Figure S11. Effect of bio-nanocomposites on Chlorophyll a content of Triticum aestivum a) 
SM-CuO treated and b) SM-Co3O4NCs treated. Figure S12. Effect of bio-nanocomposites on Chlorophyll b content 
of a) SM-CuO treated and b) SM-Co3O4NCs treated. Figure S13. Effect of bio-nanocomposites on Total chlorophyll 
content of a) SM-CuO treated and b) SM-Co3O4NC treated.

Acknowledgements
The authors would like to express their sincere thanks and gratitude towards the Chairman and Trustees, JTSSPM, Junnar 
and the Principal, Shri Shiv Chhatrapati College, Junnar for providing laboratory facilities. Deepali D. Kadam gratefully 
acknowledges to Department of Science and Technology, Ministry of Science and Technology, India. Dr. Sachin B. Aga-
wane gratefully acknowledges the Director, CSIR-National Chemical Laboratory, Pune and CSIR, New Delhi for funding 
this work under Health Care Project MLP 101826.

Author contributions
RDC and PCM devised the broad experimental framework; RDC directed the research work; DDK, ANK and ARC con-
ducted the antimicrobial experiments; PCM conducted synthesis of bio-nanocomposites, anticancer, biocompatibility, 
antioxidant and mosquito larvicidal activities. SBA and SPU carried out physico-chemical characterization of bio-nano-
composites and its interpretation. PCM, DDK and ANK drawn the figures, wrote the first draft of the manuscript which 
was duly modified, improved and finalized by RDC and PCM with the help of SBA. All the authors read and approved the 
final contents of the manuscript.

Funding
This research was funded with the support by Govt. of India, Department of Science and Technology, Ministry of Science 
and Technology, India under DST/INSPIRE Fellowship/2013/557 and CSIR, New Delhi with National Chemical Laboratory, 
Pune under Health Care Project MLP 101826.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

https://doi.org/10.1186/s12645-023-00226-2


Page 23 of 26Mane et al. Cancer Nanotechnology  (2023) 14:79 

Received: 4 February 2023   Accepted: 14 September 2023
Published online: 16 October 2023

References
Abbott WSA (1925) Method of computing the effectiveness of an insecticide. J Eco Entomol 18:265–266
Abdullah HT, Faisal S, Rizwan M, Zaman N, Iqbal M, Iqbal A, Ali Z (2022) Green synthesis and characterization of 

copper and nickel hybrid nanomaterials: Investigation of their biological and photocatalytic potential for the 
removal of organic crystal violet dye. J Saudi Chem Soc 26(4):101486. https:// doi. org/ 10. 1016/j. jscs. 2022. 101486

Alastruey-Izquierdo A, World Health Organization, & World Health Organization (2022) WHO fungal priority patho-
gens list to guide research, development and public health action. https:// www. who. int/ publi catio ns/i/ item/ 
97892 40060 241. Accessed 30 Dec 2022

Amuthavalli P, Hwang JS, Dahms HU, Wang L, Anitha J, Vasanthakumaran M, Gandhi AD, Murugan K, Subramaniam J, 
Paulpandi M, Chandramohan B (2021) Zinc oxide nanoparticles using plant Lawsonia inermis and their mosquito-
cidal, antimicrobial, anticancer applications showing moderate side effects. Sci Rep 11(1):1–13. https:// doi. org/ 10. 
1038/ s41598- 021- 88164-0

Arora S, Sharma P, Kumar S, Nayan R, Khanna PK, Zaidi MGH (2012) Gold-nanoparticle induced enhancement in growth 
and seed yield of Brassica juncea. Plant Growth Regul 66(3):303–310. https:// doi. org/ 10. 1007/ s10725- 011- 9649-z

Athreya AG, Shareef MI, Gopinath SM (2019) Antibacterial activity of silver nanoparticles isolated from cow’s milk, hen’s 
egg white and lysozyme: a comparative study. Arabian J for Sci and Eng 44(7):6231–6240. https:// doi. org/ 10. 1007/ 
s13369- 018- 3685-1

Balasooriya ER, Jayasinghe CD, Jayawardena UA, Ruwanthika RWD, Mendis de Silva R, Udagama PV (2017) Honey medi-
ated green synthesis of nanoparticles: new era of safe nanotechnology. J Nanomat 2017:1–10. https:// doi. org/ 10. 
1155/ 2017/ 59198 36

Bankier C, Matharu RK, Cheong YK, Ren GG, Cloutman-Green E, Ciric L (2019) Synergistic antibacterial effects of metallic 
nanoparticle combinations. Sci Rep 9(1):1–8. https:// doi. org/ 10. 1038/ s41598- 019- 52473-2

Biswas A, Gomes A, Sengupta J, Datta P, Singha S, Dasgupta AK, Gomes A (2012) Nanoparticle-conjugated animal 
venom-toxins and their possible therapeutic potential. J Venom Res 3:15

Bossi E, Zanella D, Gornati R, Bernardini G (2016) Cobalt oxide nanoparticles can enter inside the cells by crossing plasma 
membranes. Sci Rep 6(1):1–9. https:// doi. org/ 10. 1038/ srep2 2254

Chattopadhyay S, Chakraborty SP, Laha D, Bara R, Pramanik P, Roy S (2012a) Surface-modified cobalt oxide nanoparti-
cles: new opportunities for anti-cancer drug development. Cancer Nanotech 3(1):13–23. https:// doi. org/ 10. 1007/ 
s12645- 012- 0026-z

Chattopadhyay S, Chakraborty SP, Laha D, Baral R, Pramanik P, Roy S (2012b) Surface-modified cobalt oxide nanoparticles: 
new opportunities for anti-cancer drug development. Cancer Nanotechno 3(1):13–23. https:// doi. org/ 10. 1007/ 
s12645- 012- 0026-z

Chin JN, Jones RN, Sader HS, Savage PB, Rybak MJ (2008) Potential synergy activity of the novel ceragenin, CSA-13, 
against clinical isolates of Pseudomonas aeruginosa, including multidrug-resistant P. aeruginosa. J Antimicro Chem-
oth 61(2):365–370. https:// doi. org/ 10. 1093/ jac/ dkm457

Cittrarasu V, Kaliannan D, Dharman K, Maluventhen V, Easwaran M, Liu WC, Balasubramanian B, Arumugam M (2021) 
Green synthesis of selenium nanoparticles mediated from Ceropegia bulbosa Roxb extract and its cytotoxic-
ity, antimicrobial, mosquitocidal and photocatalytic activities. Sci Rep 11(1):1–15. https:// doi. org/ 10. 1038/ 
s41598- 020- 80327-9

Cuong HN, Pansambal S, Ghotekar S, Oza R, Hai NT, Viet NM, Nguyen VH (2022) New frontiers in the plant extract 
mediated biosynthesis of copper oxide (CuO) nanoparticles and their potential applications: a review. Environ Res 
203:111858. https:// doi. org/ 10. 1016/j. envres. 2021. 111858

Dabhane H, Ghotekar S, Zate M, Lin KY, Rahdar A, Ravindran B, Bahiram D, Ingale C, Khairnar B, Sali D, Kute S (2023) A 
novel approach toward the bio-inspired synthesis of CuO nanoparticles for phenol degradation and antimicro-
bial applications. Biomass Conver Biorefi. https:// doi. org/ 10. 1007/ s13399- 023- 03954-y

Das RK, Pachapur VL, Lonappan L, Naghdi M, Pulicharla R, Maiti S, Cledon M, Dalila LMA, Sarma SJ, Brar SK (2017) 
Biological synthesis of metallic nanoparticles: plants, animals and microbial aspects. Nanotech for Envt Engi 
2(1):1–21. https:// doi. org/ 10. 1007/ s41204- 017- 0029-4

Eftekhari A, Ahmadian E, Panahi-Azar V, Hosseini H, Tabibiazar M, Dizaj SM (2017) Hepatoprotective and free radical 
scavenging actions of quercetin nanoparticles on aflatoxin B1-induced liver damage: in vitro/in vivo studies. 
Artif Cells Nanomed Biotechno 46:411–420. https:// doi. org/ 10. 1080/ 21691 401. 2017. 13154 27

Eftekhari A, Dizaj SM, Chodari L, Sunar S, Hasanzadeh A, Ahmadian E, Hasanzadeh M (2018) The promising future 
of nano-antioxidant therapy against environmental pollutants induced-toxicities. Biomed Pharmacother 
103:1018–1027. https:// doi. org/ 10. 1016/j. biopha. 2018. 04. 126

Faisal S, Al-Radadi NS, Jan H, Abdullah SSA, Shah S, Rizwan M, Afsheen Z, Hussain Z, Uddin MN, Idrees M (2021) 
Curcuma longa mediated synthesis of copper oxide, nickel oxide and Cu-Ni bimetallic hybrid nanoparticles: 
characterization and evaluation for antimicrobial, anti-parasitic and cytotoxic potentials. Coatings 11(7):849. 
https:// doi. org/ 10. 3390/ coati ngs11 070849

Faisal S, Jan H, Abdullah AI, Rizwan M, Hussain Z, Sultana K, Ali Z, Uddin MN (2022) In vivo analgesic, anti-inflam-
matory, and anti-diabetic screening of Bacopa monnieri-synthesized copper oxide nanoparticles. ACS Omega 
7(5):4071–4082. https:// doi. org/ 10. 1021/ acsom ega. 1c054 10

https://doi.org/10.1016/j.jscs.2022.101486
https://www.who.int/publications/i/item/9789240060241
https://www.who.int/publications/i/item/9789240060241
https://doi.org/10.1038/s41598-021-88164-0
https://doi.org/10.1038/s41598-021-88164-0
https://doi.org/10.1007/s10725-011-9649-z
https://doi.org/10.1007/s13369-018-3685-1
https://doi.org/10.1007/s13369-018-3685-1
https://doi.org/10.1155/2017/5919836
https://doi.org/10.1155/2017/5919836
https://doi.org/10.1038/s41598-019-52473-2
https://doi.org/10.1038/srep22254
https://doi.org/10.1007/s12645-012-0026-z
https://doi.org/10.1007/s12645-012-0026-z
https://doi.org/10.1007/s12645-012-0026-z
https://doi.org/10.1007/s12645-012-0026-z
https://doi.org/10.1093/jac/dkm457
https://doi.org/10.1038/s41598-020-80327-9
https://doi.org/10.1038/s41598-020-80327-9
https://doi.org/10.1016/j.envres.2021.111858
https://doi.org/10.1007/s13399-023-03954-y
https://doi.org/10.1007/s41204-017-0029-4
https://doi.org/10.1080/21691401.2017.1315427
https://doi.org/10.1016/j.biopha.2018.04.126
https://doi.org/10.3390/coatings11070849
https://doi.org/10.1021/acsomega.1c05410


Page 24 of 26Mane et al. Cancer Nanotechnology  (2023) 14:79

Farhadi S, Javanmard M, Nadri G (2016) Characterization of cobalt oxide nanoparticles prepared by the thermal 
decomposition. Acta Chimica Slovenica 63(2):335–343. https:// doi. org/ 10. 17344/ acsi. 2016. 2305

Gal N, Massalha S, Samuelly-Nafta O, Weihs D (2015) Effects of particle uptake, encapsulation, and localization in 
cancer cells on intracellular applications. Med Eng Phy 37(5):478–483. https:// doi. org/ 10. 1016/j. meden gphy. 
2015. 03. 003

Griffin S, Masood MI, Nasim MJ, Sarfraz M, Ebokaiwe AP, Schafer KH, Keck CM, Jacob C (2018) Natural nanoparticles: a 
particular matter inspired by nature. Antioxidants 7(1):3. https:// doi. org/ 10. 3390/ antio x7010 003

Gu H, Chen X, Chen F, Zhou X, Parsaee Z (2018) Ultrasound-assisted biosynthesis of CuO-NPs using brown alga Cysto-
seira trinodis: characterization, photocatalytic AOP, DPPH scavenging and antibacterial investigations. Ultrasonics 
Sonochem 41:109–119. https:// doi. org/ 10. 1016/j. ultso nch. 2017. 09. 006

Hajra KM, Liu JR (2004) Apoptosome dysfunction in human cancer. Apoptosis 9(6):691–704. https:// doi. org/ 10. 
1023/B: APPT. 00000 45786. 98031. 1d

Haq S, Abbasi F, Ali MB, Hedfi A, Mezni A, Rehman W, Waseem M, Khan AR, Shaheen H (2021) Green synthesis of 
cobalt oxide nanoparticles and the effect of annealing temperature on their physiochemical and biological 
properties. Mater Res Exp 8(7):075009. https:// doi. org/ 10. 1088/ 2053- 1591/ ac1187

Harne S, Sharma A, Dhaygude M, Joglekar S, Kodam K, Hudlikar M (2012) Novel route for rapid biosynthesis of copper 
nanoparticles using aqueous extract of Calotropis procera L. latex and their cytotoxicity on tumor cells. Coll and 
Surf b: Biointerfaces 95:284–288. https:// doi. org/ 10. 1016/j. colsu rfb. 2012. 03. 005

Heipieper HJ, Diefenbach R, Kewelol H (1992) Conversion of cis unsaturated fatty acids to trans, a possible mecha-
nism for the protection of phenol degrading Pseudomonas putida P8 from substrate toxicity. Appl Environ 
Microbiol 58:1847. https:// doi. org/ 10. 1128/ aem. 58.6. 1847- 1852. 1992

Huang H, Wang J, Zhang J, Cai J, Pi J, Xu J (2021) Inspirations of cobalt oxide nanoparticle based anticancer therapeu-
tics. Pharmaceutics 13(10):1599. https:// doi. org/ 10. 3390/ pharm aceut ics13 101599

Ikuta KS, Swetschinski LR, Aguilar GR, Sharara F, Mestrovic T, Gray AP, Weaver ND, Wool EE, Han C, Hayoon AG, Aali A, 
Dhingra S (2022) Global mortality associated with 33 bacterial pathogens in 2019: a systematic analysis for the 
Global Burden of Disease Study 2019. Lancet. https:// doi. org/ 10. 1016/ S0140- 6736(22) 02185-7

Jing Y, Jing-Jie Z, Man-Ping Y, Wang-Jun M, Huan W, Jia-Xing L (2018) CuO nanoparticles supported on  TiO2 with high 
efficiency for  CO2 electrochemical reduction to ethanol. Catalysts 8:171. https:// doi. org/ 10. 3390/ catal 80401 71

Jingjing S, Shuying X, Yu W, Lingbin Z, Xiaohong X, Zhongbing H, Yun G (2018) Sub-nanometer  Co3O4 clusters 
anchored on  TiO2(B) nano-sheets: Pt replaceable Co-catalysts for  H2 evolution. Nanoscale 10:2596. https:// doi. 
org/ 10. 1039/ c7nr0 7336d

Kainat KMA, Ali F, Faisal S, Rizwan M, Hussain Z, Zaman N, Afsheen Z, Uddin MN, Bibi N (2021) Exploring the therapeu-
tic potential of Hibiscus rosa sinensis synthesized cobalt oxide  (Co3O4-NPs) and magnesium oxide nanoparticles 
(MgO-NPs). Saudi J of Biol Sci 28(9):5157–5167. https:// doi. org/ 10. 1016/j. sjbs. 2021. 05. 035

Khan MA, Ali F, Faisal S, Rizwan M, Hussain Z, Zaman N, Afsheen Z, Uddin MN, Bibi N (2021) Exploring the therapeutic 
potential of Hibiscus rosa sinensis synthesized cobalt oxide  (Co3O4-NPs) and magnesium oxide nanoparticles 
(MgO-NPs). Saudi Jof Biol Sci 28(9):5157–5167. https:// doi. org/ 10. 1016/j. sjbs. 2021. 05. 035

Khatami M, Iravani S, Varma RS, Mosazade F, Darroudi M, Borhani F (2019) Cockroach wings-promoted safe and 
greener synthesis of silver nanoparticles and their insecticidal activity. Bioprocess Biosys Eng 42(12):2007–2014. 
https:// doi. org/ 10. 1007/ s00449- 019- 02193-8

Kim JH, Cho H, Ryu SE, Choi MU (2000) Effects of metal ions on the activity of protein tyrosine phosphatase VHR: 
highly potent and reversible oxidative inactivation by  Cu2+ ion. Arch Biochem Biophy 382(1):72–80. https:// doi. 
org/ 10. 1006/ abbi. 2000. 1996

Koshy J, Samuel MS, Chandran A, George KC (2011) Optical properties of CuO nanoparticles. In AIP Conference 
Proceedings. 1391(1): 576-578. https:// doi. org/ 10. 1063/1. 36436 15

Kumar H, Bhardwaj K, Nepovimova E, Kuca K, Singh Dhanjal D, Bhardwaj S, Bhatia SK, Verma R, Kumar D (2020) Anti-
oxidant functionalized nanoparticles: a combat against oxidative stress. Nanomater 10(7):1334. https:// doi. org/ 
10. 1007/ s12645- 012- 0026-z

Lateef A, Akande MA, Ojo SA, Folarin BI, Gueguim-Kana EB, Beukes LS (2016) Paper wasp nest-mediated biosynthe-
sis of silver nanoparticles for antimicrobial, catalytic, anticoagulant, and thrombolytic applications. 3 Biotech 
6(2):1–10. https:// doi. org/ 10. 1007/ s13205- 016- 0459-x

Lateef A, Ojo SA, Azeez MA, Asafa TB, Yekeen TA, Akinboro A, Oladipo IC, Gueguim-Kana EB, Beukes LS (2016) Cobweb 
as novel biomaterial for the green and eco-friendly synthesis of silver nanoparticles. Appl Nanosci 6(6):863–874. 
https:// doi. org/ 10. 1007/ s13204- 015- 0492-9

Lee KJ, Park SH, Govarthanan M, Hwang PH, Seo YS, Cho M, Lee WH, Lee JY, Kamala-Kannan S, Oh BT (2013) Synthesis of 
silver nanoparticles using cow milk and their antifungal activity against phytopathogens. Mater Lett 105:128–131. 
https:// doi. org/ 10. 1016/j. matlet. 2013. 04. 076

Liu Z, Kiessling F, Gatjens J (2010) Advanced nanomaterials in multimodal imaging: design, functionalization, and bio-
medical applications. J of Nanomater 2010:1–15. https:// doi. org/ 10. 1155/ 2010/ 894303

Ma Y, Kuang L, He X, Bai W, Ding Y, Zhang Z, Zhao Y, Chai Z (2010) Effects of rare earth oxide nanoparticles on root elonga-
tion of plants. Chemosphere 78(3):273–279. https:// doi. org/ 10. 1016/j. chemo sphere. 2009. 10. 050

Mane PC, Chaudhari RD, Shinde MD, Kadam DD, Song CK, Amalnerkar DP, Lee H (2017) Designing ecofriendly bionano-
composite assembly with improved antimicrobial and potent on-site zika virus vector larvicidal activities with its 
mode of action. Sci Rep 7(1):1–12. https:// doi. org/ 10. 1038/ s41598- 017- 15537-9

Mane PC, Sayyed SA, Kadam DD, Shinde MD, Fatehmulla A, Aldhafiri AM, Alghamdi EA, Amalnerkar DP, Chaudhari RD 
(2021) Terrestrial snail-mucus mediated green synthesis of silver nanoparticles and in vitro investigations on their 
antimicrobial and anticancer activities. Sci Rep 11(1):1–16. https:// doi. org/ 10. 1038/ s41598- 021- 92478-4

https://doi.org/10.17344/acsi.2016.2305
https://doi.org/10.1016/j.medengphy.2015.03.003
https://doi.org/10.1016/j.medengphy.2015.03.003
https://doi.org/10.3390/antiox7010003
https://doi.org/10.1016/j.ultsonch.2017.09.006
https://doi.org/10.1023/B:APPT.0000045786.98031.1d
https://doi.org/10.1023/B:APPT.0000045786.98031.1d
https://doi.org/10.1088/2053-1591/ac1187
https://doi.org/10.1016/j.colsurfb.2012.03.005
https://doi.org/10.1128/aem.58.6.1847-1852.1992
https://doi.org/10.3390/pharmaceutics13101599
https://doi.org/10.1016/S0140-6736(22)02185-7
https://doi.org/10.3390/catal8040171
https://doi.org/10.1039/c7nr07336d
https://doi.org/10.1039/c7nr07336d
https://doi.org/10.1016/j.sjbs.2021.05.035
https://doi.org/10.1016/j.sjbs.2021.05.035
https://doi.org/10.1007/s00449-019-02193-8
https://doi.org/10.1006/abbi.2000.1996
https://doi.org/10.1006/abbi.2000.1996
https://doi.org/10.1063/1.3643615
https://doi.org/10.1007/s12645-012-0026-z
https://doi.org/10.1007/s12645-012-0026-z
https://doi.org/10.1007/s13205-016-0459-x
https://doi.org/10.1007/s13204-015-0492-9
https://doi.org/10.1016/j.matlet.2013.04.076
https://doi.org/10.1155/2010/894303
https://doi.org/10.1016/j.chemosphere.2009.10.050
https://doi.org/10.1038/s41598-017-15537-9
https://doi.org/10.1038/s41598-021-92478-4


Page 25 of 26Mane et al. Cancer Nanotechnology  (2023) 14:79 

Meghana S, Kabra P, Chakraborty S, Padmavathy N (2015) Understanding the pathway of antibacterial activity of copper 
oxide nanoparticles. RSC Adv 5(16):12293–12299. https:// doi. org/ 10. 1039/ C4RA1 2163E

Minal SP, Prakash S (2020) Laboratory analysis of Au–Pd bimetallic nanoparticles synthesized with Citrus limon leaf 
extract and its efficacy on mosquito larvae and non-target organisms. Sci Rep 10(1):1–13. https:// doi. org/ 10. 1038/ 
s41598- 020- 78662-y

Muhammad AK, Nafarizal N, Shadiullah MKA, Chin FS (2020) Surface study of CuO nanopetals by advanced nanochar-
acterization techniques with enhanced optical and catalytic properties. Nanomaterials 10:1298. https:// doi. org/ 10. 
3390/ nano1 00712 98

Munteanu CR, Suntharalingam K (2015) Advances in cobalt complexes as anticancer agents. Dalton Trans 44(31):13796–
13808. https:// doi. org/ 10. 1039/ C5DT0 2101D

Nagajyothi PC, Muthuraman P, Sreekanth TVM, Kim DH, Shim J (2017) Green synthesis: in-vitro anticancer activity of cop-
per oxide nanoparticles against human cervical carcinoma cells. Arabian J Chem 10(2):215–225. https:// doi. org/ 10. 
1016/j. arabjc. 2016. 01. 011

Nagore P, Ghotekar S, Mane K, Ghoti A, Bilal M, Roy A (2021) Structural properties and antimicrobial activities of Polyalthia 
longifolia leaf extract-mediated CuO nanoparticles. BioNanoSci. https:// doi. org/ 10. 1007/ s12668- 021- 00851-4 

Nair S, Sasidharan A, Rani VD, Menon D, Nair S, Manzoor K, Raina S (2009) Role of size scale of ZnO nanoparticles and 
microparticles on toxicity toward bacteria and osteoblast cancer cells. J. Mater. Sci. Mater. Med. 20(1):235–241. 
https:// doi. org/ 10. 1007/ s10856- 008- 3548-5

Netala VR, Kotakadi VS, Bobbu P, Gaddam SA, Tartte V (2016) Endophytic fungal isolate mediated biosynthesis of silver 
nanoparticles and their free radical scavenging activity and anti microbial studies. 3 Biotech 6(2):1–9. https:// doi. 
org/ 10. 1007/ s13205- 016- 0433-7

Pagar T, Ghotekar S, Pagar K, Pansambal S, Oza R (2019) A review on bio-synthesized  Co3O4 nanoparticles using plant 
extracts and their diverse applications. J Chem Rev 1(4):260–270. https:// doi. org/ 10. 33945/ SAMI/ jcr. 2019.4.2

Palmer AC, Kishony R (2013) Understanding, predicting and manipulating the genotypic evolution of antibiotic resist-
ance. Nat Rev Genetics 14(4):243–248. https:// doi. org/ 10. 1038/ nrg33 51

Pansambal S, Oza R, Borgave S, Chauhan A, Bardapurkar P, Vyas S, Ghotekar S (2022) Bioengineered cerium oxide  (CeO2) 
nanoparticles and their diverse applications: a review. Appl Nanosci. https:// doi. org/ 10. 1007/ s13204- 022- 02574-8

Philip D (2009) Honey mediated green synthesis of gold nanoparticles. Spectrochimica Acta Part A Mol Biomol Spectro 
73(4):650–653. https:// doi. org/ 10. 1016/j. saa. 2009. 03. 007

Phull AR, Ali A, Dhong KR, Zia M, Mahajan PG, Park HJ (2021) Synthesis, characterization, anticancer activity assessment 
and apoptosis signaling of fucoidan mediated copper oxide nanoparticles. Arab J Chem 14(8):103250. https:// doi. 
org/ 10. 1016/j. arabjc. 2021. 103250

Prieto P, Pineda M, Aguilar M (1999) Spectrophotometric quantitation of antioxidant capacity through the formation of a 
phosphomolybdenum complex: specific application to the determination of vitamin E. Anal Biochem 269(2):337–
341. https:// doi. org/ 10. 1006/ abio. 1999. 4019

Qamar H, Rehman S, Chauhan DK, Tiwari AK, Upmanyu V (2020) Green synthesis, characterization and antimicrobial 
activity of copper oxide nanomaterial derived from Momordica charantia. Int J Nanomed 15:2541. https:// doi. org/ 
10. 2147/ IJN. S2402 32

Rangel WM, Santa RA, Riella HG (2020) A facile method for synthesis of nanostructured copper (II) oxide by coprecipita-
tion. J Mater Res and Tech 9(1):994–1004. https:// doi. org/ 10. 1016/j. jmrt. 2019. 11. 039

Rauwel E, Al-Arag S, Salehi H, Amorim CO, Cuisinier F, Guha M, Rosario MS, Rauwel P (2020) Assessing cobalt metal nano-
particles uptake by cancer cells using live Raman spectroscopy. Int J Nanomed 15:7051

Riss TL, Moravec RA, Niles AL, Duellman S, Benink HA, Worzella TJ, Minor L (2016) Cell viability assays. Assay guidance 
manual. https:// www. ncbi. nlm. nih. gov/ books/ NBK14 4065/. Accessed 02 Aug 2022

Sallam AAA, El-Massry SA, Nasr IN (2009) Chemical analysis of mucus from certain land snails under Egyptian conditions. 
Arch Phytopatho Plant Prot 42(9):874–881. https:// doi. org/ 10. 1080/ 03235 40070 14944 48

Santo CE, Taudte N, Nies DH, Grass G (2008) Contribution of copper ion resistance to survival of Escherichia coli on metal-
lic copper surfaces. App Environ Microbiol 74(4):977–986. https:// doi. org/ 10. 1128/ AEM. 01938- 07

Santhoshkumar T, Rahuman AA, Rajakumar G, Marimuthu S, Bagavan A, Jayaseelan C, Zahir AA, Elango G, Kamaraj C 
(2010) Synthesis of silver nanoparticles using Nelumbo nucifera leaf extract and its larvicidal activity against malaria 
and filariasis vectors. Parasito. res. 108:693–702. https:// doi. org/ 10. 1007/ s00436- 010- 2115-4

Siddiqi KS, Husen A (2017) Plant response to engineered metal oxide nanoparticles. Nanoscale Res Lett 12(1):1–18. 
https:// doi. org/ 10. 1186/ s11671- 017- 1861-y

Siddiqi KS, Rashid M, Rahman A, Husen A, Rehman S (2020) Green synthesis, characterization, antibacterial and 
photocatalytic activity of black cupric oxide nanoparticles. Agri Food Security 9:17. https:// doi. org/ 10. 1186/ 
s40066- 020- 00271-9

Siddiquee MA, Parray ud din M, Kamli MR, Malik MA, Mehdi SH, Imtiyaz K, Rizvi MMA, Rajor HK, Patel R (2021) Biogenic 
synthesis, in-vitro cytotoxicity, esterase activity and interaction studies of copper oxide nanoparticles with lysozyme. 
J Mater Res Techno 13:2066–2077. https:// doi. org/ 10. 1016/j. jmrt. 2021. 05. 078

Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester RG, Barzi A, Jemal A (2017) Colorectal cancer statistics, 2017. CA 
Cancer J Clin 67(3):177–193. https:// doi. org/ 10. 3322/ caac. 21395

Szollosi R, Molnar A, Kondak S, Kolbert Z (2020) Dual effect of nanomaterials on germination and seedling growth: stimu-
lation vs. phytotoxicity. Plants 9(12):1745. https:// doi. org/ 10. 3390/ plant s9121 745

Valgimigli L, Baschieri A, Amorati R (2018) Antioxidant activity of nanomaterials. J Mater Chem B 6(14):2036–2051. https:// 
doi. org/ 10. 1039/ C8TB0 0107C

https://doi.org/10.1039/C4RA12163E
https://doi.org/10.1038/s41598-020-78662-y
https://doi.org/10.1038/s41598-020-78662-y
https://doi.org/10.3390/nano10071298
https://doi.org/10.3390/nano10071298
https://doi.org/10.1039/C5DT02101D
https://doi.org/10.1016/j.arabjc.2016.01.011
https://doi.org/10.1016/j.arabjc.2016.01.011
https://doi.org/10.1007/s12668-021-00851-4
https://doi.org/10.1007/s10856-008-3548-5
https://doi.org/10.1007/s13205-016-0433-7
https://doi.org/10.1007/s13205-016-0433-7
https://doi.org/10.33945/SAMI/jcr.2019.4.2
https://doi.org/10.1038/nrg3351
https://doi.org/10.1007/s13204-022-02574-8
https://doi.org/10.1016/j.saa.2009.03.007
https://doi.org/10.1016/j.arabjc.2021.103250
https://doi.org/10.1016/j.arabjc.2021.103250
https://doi.org/10.1006/abio.1999.4019
https://doi.org/10.2147/IJN.S240232
https://doi.org/10.2147/IJN.S240232
https://doi.org/10.1016/j.jmrt.2019.11.039
https://www.ncbi.nlm.nih.gov/books/NBK144065/
https://doi.org/10.1080/03235400701494448
https://doi.org/10.1128/AEM.01938-07
https://doi.org/10.1007/s00436-010-2115-4
https://doi.org/10.1186/s11671-017-1861-y
https://doi.org/10.1186/s40066-020-00271-9
https://doi.org/10.1186/s40066-020-00271-9
https://doi.org/10.1016/j.jmrt.2021.05.078
https://doi.org/10.3322/caac.21395
https://doi.org/10.3390/plants9121745
https://doi.org/10.1039/C8TB00107C
https://doi.org/10.1039/C8TB00107C


Page 26 of 26Mane et al. Cancer Nanotechnology  (2023) 14:79

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Wahab R, Kaushik NK, Verma AK, Mishra A, Hwang I, Yang YB, Shin HS, Kim YS (2011) Fabrication and growth mechanism 
of ZnO nanostructures and their cytotoxic effect on human brain tumor U87, cervical cancer HeLa, and normal HEK 
cells. JBIC J Biol Inorg Chem 16:431–442. https:// doi. org/ 10. 1007/ s00775- 010- 0740-0

Waris A, Din M, Ali A, Afridi S, Baset A, Khan AU, Ali M (2021) Green fabrication of Co and Co3O4 nanoparticles and their 
biomedical applications: a review. Open Life Sci 16(1):14–30. https:// doi. org/ 10. 1515/ biol- 2021- 0003

Wenbo L, Li Lu, Qinghe M, Xitian Z (2020) Molybdenum-doped CuO nanosheets on Ni foams with extraordinary 
specific capacitance for advanced hybrid supercapacitors. J Mater Sci 55:2492–2502. https:// doi. org/ 10. 1007/ 
s10853- 019- 04129-9

WHO (1996) Report of the WHO informal consultation on the evaluation on the testing of insecticides CTD/WHO PES/
IC/96.1:69

World Health Organization (2010) World malaria report 2010. WHO, Geneva
World Health Organization: malaria fact sheet: 2013. No 94 http:// www. who. int/ media centre/ facts heets/ fs094/ en/
Wu LQ, Li YC, Li SQ, Li ZZ, Tang GD, Qi WH, Xue LC, Ge XS, Ding LL (2015) Method for estimating ionicities of oxides using 

O1s photoelectron spectra. AIP Adv 5:097210. https:// doi. org/ 10. 1063/1. 49319 96
Xiao-Ming Y, Zi-Jing L, Cui-Cui X, Mei Y, Zan-Peng G, Cheng P, Zi-Yi G, Jun-Sheng Z, Shuang-Quan Z (2021) Synthesis of 

 Co3O4/reduced graphene oxide by one step-hydrothermal and calcination method for high-performance superca-
pacitors. Ionics 27:339–349. https:// doi. org/ 10. 1007/ s11581- 020- 03797-x

Yang H, Liu C, Yang D, Zhang H, Xi Z (2009) Comparative study of cytotoxicity, oxidative stress and genotoxicity induced 
by four typical nanomaterials: the role of particle size, shape and composition. J of Appl Toxicol 29(1):69–78. https:// 
doi. org/ 10. 1002/ jat. 1385

Yuji S, Satoshi N, Kenzo H (2012) XPS depth analysis of CuO by electrospray droplet impact. Surf Interface Anal. https:// 
doi. org/ 10. 1002/ sia. 4843

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00775-010-0740-0
https://doi.org/10.1515/biol-2021-0003
https://doi.org/10.1007/s10853-019-04129-9
https://doi.org/10.1007/s10853-019-04129-9
http://www.who.int/mediacentre/factsheets/fs094/en/
https://doi.org/10.1063/1.4931996
https://doi.org/10.1007/s11581-020-03797-x
https://doi.org/10.1002/jat.1385
https://doi.org/10.1002/jat.1385
https://doi.org/10.1002/sia.4843
https://doi.org/10.1002/sia.4843

	Green adeptness in synthesis of non-toxic copper and cobalt oxide nanocomposites with multifaceted bioactivities
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Collection of snails and mucus extraction
	Synthesis of copper and cobalt oxide bio-nanocomposites
	Physico-chemical characterization of the resultant SM-CuO and SM-Co3O4NCs
	Microorganisms and growth conditions
	Antimicrobial activity and MICMBC of SM-CuO and SM-Co3O4NCs
	Growth curve study
	Cell membrane leakage
	Cell line and culture
	Anticancer activity
	Total antioxidant activity
	Mosquito larvicidal activity
	Phytotoxicity study

	Results and discussion
	Synthesis of nanoparticles from animal products
	Characterization of SM-CuO and SM-Co3O4NCs
	X-ray diffraction (XRD)
	Field Emission Scanning Electron Microscopy (FESEM)
	Transmission electron microscopy (TEM)
	X-ray photoelectron spectroscopy (XPS)
	Antimicrobial activity of SM-CuO and SM-Co3O4NCs
	Growth curve assay
	Cell integrity study
	Anticancer activity
	Antioxidant activity
	Mosquito larvicidal activity
	Cytotoxicity study
	Phyto-toxicity study

	Conclusion
	Anchor 36
	Acknowledgements
	References


