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Abstract

The present study reports the green synthesis of cadmium oxide nanoparticles (CdO-NPs) from Carica
papaya latex in aqueous medium and their application for antifungal, antibacterial, anticancer and
photocatalytic activities. The XRD, UV-visible, SEM-EDS, Raman, XPS, and zeta potential spectroscopy
results revealed the formation of stable CdO-NPs with an average size of 35.67 nm. Further, the spherical
shape of the CdO-NPs was confirmed by X-ray photoelectron spectroscopy (XPS) and scanning electron
microscopy with energy dispersive spectroscopy (SEM-EDS). The anticancer activity of the CdO-NPs was
tested against KB 3 - 1 oral cancer cell line and results showed good anticancer activity with an ICs
value of 2.69%. Thus, the present study revealed CdO-NPs synthesized from Carica papaya latex acts as
an antibacterial, antifungal, anticancer, and photocatalytic agents.

1. Introduction

The increase of toxic organic pollutants in the environment, increasing global rate of cancer, and the
rapid emergence of multidrug-resistant microorganisms have collectively strengthened the demand for
multifunctional materials with enhanced therapeutic and catalytic performance [1-2]. In this context,
nanotechnology has provided new opportunities for designing advanced materials with improved
efficiency through precise control over size, surface characteristics, and physicochemical properties [3].
In particular, metal oxide nanoparticles, have gained more attention owing to their high surface area,
tunable electronic structure, and versatile biological and catalytic functionalities [4].

Among various metal oxides, cadmium oxide (CdO) is a promising n-type semiconductor with a narrow
band gap, high electrical conductivity, and strong optical absorption in the visible region. These
characteristics of CdO enable efficient charge transfer and reactive oxygen species (ROS) generation,
which are essential for both photocatalytic degradation of organic pollutants and biological activity.
Previous studies have reported that CdO nanoparticles exhibit significant antibacterial effects through
membrane disruption and oxidative stress, as well as anticancer activity by inducing mitochondrial
dysfunction and apoptosis in cancer cells. Additionally, CdO nanoparticles have shown excellent
photocatalytic efficiency in the degradation of dye pollutants, highlighting their multifunctional potential
[5-6]. Despite these advantages, conventional chemical and physical synthesis methods for CdO
nanoparticles often involve toxic reducing agents, reaction conditions. To address these limitations,
green and biogenic synthesis approaches have emerged as sustainable alternatives [7-8]. Plant-
mediated synthesis is particularly attractive, as plant extracts contain diverse phytochemicals such as
phenolics, proteins, enzymes, and alkaloids which acts as reducing, stabilizing, and capping agents,
leading to environmentally friendly synthesis.

Over the past twenty years, researchers from a wide range of fields have been actively involved in
designing and developing materials at the nanoscale. There is a growing need for this broad,
multidisciplinary field of study in the industrial and medical sectors [9]. In every level of research and
technology, including the veterinary and medical domains, scientists and engineers work together to use
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metal nanoparticles. Scientists continue to work hard to uncover new facets of their value [10].
Applications for nanomaterials are numerous and include biomedical, pharmaceutical, food, animal
nutrition, environmental sciences, mechanics, optics, chemical industries, electronics, and health care
[11-14]. There are several uses for materials, primarily in veterinary medicine and health, and they show
interesting features in the nanoscale regime that set them apart from their bulk counterparts [15].
Because of their unique properties, which include chemical stability, excellent conductivity, catalytic
efficacy, and, most importantly, antibacterial, antiviral, antifungal, and anti-inflammatory activities, silver
and gold nanoparticles have garnered the most interest of all the noble metal nanoparticles [16—18]

Carica papaya is a medicinally important plant known for its antibacterial, antioxidant, and anticancer
properties. The latex of Carica papaya is especially rich in proteolytic enzymes, including papain and
chymopapain, along with various bioactive secondary metabolites. These components make papaya
latex an effective biogenic resource for nanoparticle synthesis and surface functionalization. In
particular, the thixotropic fluid found in the latex of unripened fruit includes various secondary
metabolites and proteins, including linamarase, chitinases, protease inhibitors, and cysteine
endopeptidases.

In particular, the thixotropic fluid found in the latex of unripened fruit includes various secondary
metabolites and proteins, including linamarase, chitinases, protease inhibitors, and cysteine
endopeptidases [19—-20]. In addition to its remarkable antibacterial, antioxidant, and chelating properties,
it was successfully employed in desloughing necrotic tissue [21-22]. The papaya pulp comprises
vitamins A, C, and E and antioxidants. Studies have indicated the existence of dietary fibres, Mg, K, Cu,
Zn and B complex vitamins like folate and pantothenic acid [23]. Papain is another enzyme found in
papaya that helps heal wounds, allergies, and skin lesions, while chymopapain enzyme shows
antibacterial, antiviral and antifungal activity [24]. C. papaya pulp increases the platelet count in the
dengue and dengue hemorrhagic fever patient [25]. The adsorption of such biomolecules on
nanoparticle surfaces can enhance colloidal stability and promote synergistic biological and catalytic
effects. For example, T. Gayathri et al. synthesized copper oxide nanoparticles (CuO NPs) using C.
papaya, which shows better antimicrobial properties [26]. T. Jayamani et al. synthesized palladium NPs
using papaya leaf extract, which showed significant antibacterial activity against bacteria and fungi
strains [27]. Vasantaraj et al. synthesized iron oxide NPs are typically employed in a variety of fields,
including biomedicine, where they are utilized to deliver drugs to specific sites and destroy tumour cells,
as well as remove heavy metals, dyes, and antibiotics from water sources [28]. Anadozie et al. found that
antioxidant and anticancer activities shown by C. papaya fruit gold nanoparticles (CPf-AuNPs) help to
design new therapeutic molecules to treat different solid tumours [29]. Whereas, Muthukumar et al.
stated that iron-based nanoparticles can generate highly reactive oxygen species (R0OS), which is
efficient against various pathogenic bacterial strains and fungi [30]. According to the literature, C. Papaya
with metal oxide nanoparticles exhibits superior biomedical activity.

In the present study, we report a Carica papaya latex-functionalized biogenic synthesis of CdO
nanoparticles. The synthesized CdO nanoparticles were comprehensively characterized to elucidate their
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structural, morphological, and optical properties. Furthermore, their antibacterial activity against
pathogenic microorganisms, anticancer potential against cancer cell lines, and photocatalytic efficiency
in the degradation of organic pollutants were systematically investigated [31-35]. This work
demonstrates that papaya latex-functionalized CdO nanoparticles represent a sustainable and
multifunctional nanomaterial with promising applications in biomedical and environmental fields.

2. Experimental
2.1 Materials

The unripe fruit of the C. papaya was collected from cultivated near Raje Ramrao College, Campus, Jath
(17°03' N latitude and 75°15' E longitude), Maharashtra. The plant material used in the present study,
Carica papaya(papaya) latex, was collected from a local region in India, where the species is widely
cultivated and naturally distributed across the Indian subcontinent. The collection of plant material was
conducted in accordance with applicable national and institutional guidelines governing the use of
biological resources for research purposes.The samples were collected from publicly accessible areas,
ensuring that no protected habitats or endangered species were affected during the sampling process.
Consequently, no specific permits or formal permissions were required for the collection of plant
material.

All procedures related to plant collection and utilization were carried out responsibly and ethically, with
due consideration to minimizing environmental impact. The study adheres to established guidelines for
plant-based research and complies with relevant regulations concerning biodiversity conservation and
sustainable bio-resource utilization.

Cadmium nitrate Cd(NO3),.4H,0, absolute ethanol, and other AR-grade chemicals were purchased from
Molychem.

2.2 Synthesis of latex functionalized CdO-NPs

The milky white carica papaya latex was collected in a sterile bottle; an equal volume of de-ionized water
was added and further, the latex suspension was put on magnetic stirrer at 500 rpm at 37°C for 10 min
for homogenization. The resulting supernatant was used as a source of latex extract and kept at 20°C for
further use. To synthesize CdO-NPs, the reaction mixture was prepared by blending 20 ml of 50%
aqueous latex extract and 50 ml of 0.2 M Cd(NOs), and further kept at 37°C in dark conditions. The
mixture was then stirred for 48 hours; and obtained white-coloured precipitate was centrifuged followed
by ethanol and water washing. The obtained precipitate was dried at 110°C for 3 hours followed by
annealed at 600°C in a muffle furnace for 2 hours. The obtained black-coloured nanoparticles CdO-NPs
were characterized by using different analytical tools.

2.3 Characterization of CdO NPs
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The structure of C. papaya latex-functionalized CdO-NPs was confirmed by an X-ray diffractometer
equipped with an irradiation line Ka of copper (Equipment Name: XRD- X-Ray Diffractometer Model: D8).
The crystallite size of CuBG was calculated using Scherrer Eq. (1);

0.9
D= 0 cosf - (1)
Where in, A (monochromatic X-ray wavelength), il (full-width half maxima-FWHM), and 6 is the diffraction
angle. Further, the ALPHA Bruker FT-IR spectrometer was used to investigate the functional group
present in the sample using a KBr pellet. The Raman spectra were captured using Renishaw INVIA 0120
- 20 Equipment Code: 2734619 Raman System (excitation at 532 nm, 2.33 eV). The surface
morphologies of the CdO-NPs were investigated using a scanning electron microscope with Energy
Dispersive Spectroscopy (JEOL Japan), and compositional data was obtained using the attached energy
dispersive spectrophotometer (SEM-EDS). Further, the particle size and charge were analyzed using
Model Nano ZS 90 ZEN 3696 and Nano ZS 90 ZEN 3696. The elemental composition of the CdO-NPs
was determined by X-ray photoelectron spectroscopy (XPS) (Model: JPS-9030 Equipment Code: CFC
SAIF DST Shivaji University, Kolhapur) using an Al Ka p-focused monochromator (1486.6eV) with an
adjustable spot size (30-400 ym in 5 ym steps) at 3 mA and 12 kV.

2.4 Antibacterial and antifungal activity

Using a modified agar well diffusion method, the antibacterial activity of DMSO-suspended nanoparticles
was tested against bacterial strains that were Gram-negative (E. coli NCIM 2832 and P. aeroginosa NCIM
5032) and Gram-positive (Staphylococcus aureus NCIM 2654 and B. cereus NCIM 2703) as well as fungal
pathogens such as Aspergillus niger NCIM 503 and Candida albicans NCIM 3466 [36].For additional
research, a sterile saline suspension of the corresponding test pathogens was made. To assess the
antimicrobial activity, microorganisms were dispersed on plates using a sterile spreader after being
inoculated on the surface of sterile Muller and Hinton agar. After that, a sterile cork borer with a 0.7 cm
diameter was used to prepare agar wells aseptically. The wells made on the agar plates were then filled
with 100 pl of the CdO nanoparticle solution. After 20 minutes of sample diffusion in a culture medium
at 4°C, the plates were moved to an incubator set at 37°C for 24 hours. Additionally, the outcomes were
contrasted with the well that contained DMSO as a negative control and 1000 pg/ml streptomycin as a
positive control. The results were documented and the inhibitory zone's diameter was determined in
millimetres. For antifungal activity, a similar process was followed; MGYP agar plates were made by
submerged inoculation with the corresponding fungal strain previously indicated, and they were then
incubated for 48 to 72 hours at 27°C. Plates were checked for a zone of clearing surrounding the
corresponding wells after incubation. The acquired antifungal findings were contrasted with DMSO as a
negative control and a typical fluconazole pill (100 ug/ml) as a positive control.

2.5 Anticancer activity

A 96-well flat-bottom microplate was used to seed the cells, and they were kept at 37°C for the entire
night with 95% humidity and 5% CO,. Samples of CdO-NPs at several doses (100, 50, 25, 12.5, 6.25, and

Page 6/24



3.125 pg/ml) were treated. Another forty-eight hours were spent incubating the cells. The plate was
incubated at 37°C after the wells were twice cleaned with PBS and 20 pL of the MTT staining solution
was applied to each well. To dissolve the formazan crystals, 100 pL of DMSO was given to each well
after 4 hours. The absorbance was then measured using a microplate reader set at 570 nm [37].

2.6 Photocatalytic activity of CdO-NPs

Using a 250 W mercury lamp equipped with an ultraviolet cut off filter, degradation experiments of
methylene blue (MB) dye as model pollutants under visible light irradiation were conducted to examine
the photocatalytic activity of the CdO [38].

To evaluate the photocatalytic activity at room temperature, 25 mg of CdO nanoparticles were mixed
with 50 mL of MB dye aqueous solution, starting at a concentration of 25 mg/L. The initial stage of the
photocatalytic degradation process is the creation of the adsorption—desorption equilibrium. Therefore,
in order to guarantee the establishment of the adsorption—desorption equilibrium between MB and the
photocatalyst, the suspensions were magnetically agitated in the dark for 30 minutes prior to light
irradiation. This has been confirmed by the consistent percentage of MB dye adsorption in the dark. After
that, the suspension was constantly stirred while exposed to visible light radiation. To get rid of the
remaining photocatalyst, 4 mL of the suspension was taken after 60 minutes and centrifuged for 2
minutes at 10,000 rpm. Next, using a UV-Vis spectrophotometer to record changes in the absorption
peak maxima in the organic dye, the concentration of MB in the supernatant was determined.

The photocatalytic degradation of MO was carried out in order to evaluate the photocatalytic activity of
TiO,-carbon nanocomposite (TC60). The dye solutions were subjected to Visible analysis to determine
the precise concentration for MB at A max = 665nm. The dye's photodegradation (D) was computed
using Eq. (2):

Co— Cy
Co

D (%) = x 100 - (2)

Where, C, is initial concentration, C; is final concentration, and D is degradation rate.

2.7 Statistical analysis

The experiments were repeated three times and presented in mean + standard deviation. The
comparison between the groups was studied by one-way ANOVA and the significance was considered p
<0.05.

3. Result and discussion

The CdO-NPs was synthesized by C. papaya considering multifunctional application in biomedical and
photocatalysis. The detailed synthesis of CdO-NPs using C. papaya latex is presented in the Scheme 1.
Papain is the protein which is main component of papaya crude latex. A single polypeptide chain of
amino acids makes up the protein papain [39]. Cadmium ions and amino acid residues in the chain
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attach to papain's active site. When vigorously stirred at room temperature, Cadmium ions and papain
combine to create the Cd-papain complex. CdO-NPs are formed when the two closest active surfaces of
papain react with cadmium ions to generate a complex structure. When the Cd-papain complex is
heated, it loses its thermal stability and produces papain ions and CdO-NPs. Both of produced papain
ions and CdO-NPs are calcined at 600°C temperature gives C. papaya latex-functionalized CdO-NPs [40].
Further, the synthesis of CdO-NPs was characterized by the structural and physicochemical properties
such as, XRD, FTIR, SEM-EDS measurement.

Figure 1a shows the XRD patterns for synthesized CdO-NPs with cubical crystal structure and
polycrystalline nature. The XRD peaks at 26 = 33.15°, 38.43°, 55.66°, 66.22°, and 69.58° correspond to (1
11),(200),(220),(311),and (22 2) of the cubic structure of metallic CdO-NPs (JCPDS 00-001-1049)
respectively. The CdO-NP showed average crystallite size of 35.67 nm. Thus, the synthesized CdO-NP
has a slightly hexagonal crystalline structure with a face-cantered cubic (FCC) structure, which is
consistent with earlier findings [41-42].

Further, the Raman spectroscopy of the CdO-NPs was analyzed 100-1500 cm™ ' spectral region. The
peak at ~ 257, ~400 and a wide weak band at ~ 960 cm™ ' is observed in the Raman spectra as shown in
Fig. 1b. According to literature, CdO-NPs expected to exhibit second-order Raman scattering. The peaks
at ~ 257 and ~ 400 cm™ ' correspond to 2TA (L) and 2LA (L) Raman scattering peaks [43]. Cusco et al.
[44] stated that, Raman peak that obtained at ~ 400 cm™ ' may be due to high density of two phonons in
the spectral range of 350—450 cm™ ! and that it would most likely originate from 2LA overtones at

various high symmetry points of the Brillouin zone. Whereas, at peak at ~ 960 cm™ ' attributed due to
indicate Cd—0 stretching vibrations [45].

Further, the Raman study was supported with the FTIR results. FTIR measurement was used to detect
functional groups present in the CdO-NPs synthesized from the C. papaya latex, which acts as a reducing
agent and stabilizer. The spectral data recorded for the synthesized sample reveals the presence of
different functional groups and stretching and bending vibrations. Figure 1c represents the FTIR
spectrum of CdO-NPs in the 400-3700 cm™ ' range. The peak at ~ 1112 cm™ " was attributed due to C-O
stretching vibrations of the carbonyl group and it confirms the deformation that may occur of C-H of the
alkane group [46]. Whereas, the peak at ~ 1633 cm™ ! were attributed to 0-H-O bending vibration [47].
The peaks ranging between ~ 488 cm™ ! is due to Cd-O vibration, which confirms the presence of CdO
NPs [48]. Further, it was observed that, the peaks at 3400 to 3550 cm™ is due to O-H from the hydrogen
bonds [49]. Thus, the FTIR results revealed that the formation of the CdO NPs.

The DLS and zeta potential analysis was used to determine the size and surface charge present on the
synthesized CdO-NPs. It was observed that, the CdO-NPs has 28.9 mV zeta potential. The agglomeration
of the particles is inhibited by the strong repelling force which leads to obtain high zeta potential value
[47]. Rayleigh scattering is the process by which light scatters small particles in a colloidal solution by
bombarding them with light. There is a variation in light intensity even in cases where the incident light is
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monochromatic or laser. Brownian motion in solution, which happens continuously, is the reason for this
variation in light intensity. As observed in Fig. 1d, the green, synthetic cadmium oxide nanoparticles had

an average particle size distribution of 324.9 d.nm. The mono-dispersed character of biogenic CdO-NPs
is shown by a prominent peak that spans from 300 to 900 d.nm. Ball milling reduces the poly-dispersed

CdO-NPs particle size [50].

Figure 1d displays the zeta potential of CdO-NPs, which is -17.3 mV. Because of negative-negative
repulsion, the high negative zeta potential (€) value contributes to the long-term stability, good colloidal
nature, and excellent dispersion of CdO-NPs. The produced nanomaterials exhibit exceptional stability
and have zeta potential values ranging from - 35 to 0 mV. However, the zeta potential values are also
influenced by the dispersion stability [51-52].

The sample's microstructure is studied using a SEM-EDS analysis. The as-synthesized SEM shows the
uneven or irregular morphology. Figure 2 shows that 40-100 nm average particle size for CdO-NPs. The
present results are found to be similar with the literature with irregular morphology. [53—54] Further, the
elemental composition of synthesized nanomaterials and their composites has been investigated using
EDS analysis. The EDS analysis shows the peak for cadmium and oxygen as shown in Fig. 2 inset, which
support the formation of CdO-NPs [55-57].

The XPS measurements were performed to investigate the chemical state in the CdO NPs. Figure 3a
exhibits an signal from the C 1s, O 1s, and Cd 3d. Further, the comprehensive XPS spectra for the O 1s
and Cd 3d are shown in Fig. 3b and 3c respectively. The Cd 3d spectrum is formed of a spin-orbit
doublet, which seems to be pretty well duplicated by a unique Gaussian-shape doublet. Cadmium
primary 3ds,, and 3ds3,, spin-orbit components comprise the Cd 3d features, with binding energies of
407.12 and 413.99 eV, respectively [58]. Further, the C 1s peak can be attributed at 285.0 eV, while the O
1s peak is depicted at 532.4 eV and 529.1 eV binding energies for Cd-0 & Cd-OH [59] is shown in Fig. 3c.
Based on these peaks, the spin-orbit splitting of 6.875 eV has been determined by spectrum fitting,
confirming the synthesis of CdO-NPs via green synthesis. These results suggest that the NPs comprise a
single CdO-related phase because no peak for secondary phases, like CdO, or Cd(OH), is observed [59—
60]. It is important to point out that the binding energy of the Cd 3d core level observed in these NPs
appears to be moved to higher energies in comparison to bulk CdO [61] by around 1.7 eV, which could
result from nanosize effects of CdO NPs. Thus, the XRD, FTIR, SEM-EDS analysis revealed the formation
of CdO NPs. Further, the in vitro antibacterial and antifungal activity of the CdO NPs were studied.

Well diffusion method is used to study the antimicrobial and antifungal activity of the CdO NPs against
the B. cereus, S. aureus, E. coli, A. niger, and C. albicans. The methanol used as the negative control,
whereas ascorbic acid is the used as positive control [62-64]. In Fig. 4(a-e) the CdO NPs showed 19, 18,
08, 18, and 18 mm, zone of inhibition against B. cereus, S. aureus, E. coli, A. niger, and C. albicans [65].
The Carica papaya latex-functionalized CdO NPs shows good antibacterial activities for B. cereus, S.
aureus, and poor for E. coli. But the CdO-NPs show good antifungal activities for C. albicans than, A. niger
Fig. 4f.
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The anticancer activity of the CdO NPs is investigated using the KB-3-1 cancer cells. The anticancer
activity of the CdO NPs is studied at concentration from 100-3.125 pg/ml for 48 hrs [66] [67]. The latex-
functionalized CdO-NPs showed the anticancer activity with 2.69 pg/mL IC5j value against the KB-3-1
cells. Similar findings were obtained in Kathiraven et al. [68] study. The Melia dubia leaf-mediated AgNPs
had an IC5, of 31.2 pg/mL and demonstrated in vitro carcinogenic activity against the MCF-7 cells.
Further, phase contrast microscopy at a 100x magnification was used to investigate morphological
changes observed after treatment of CdO-NPs, as shown in Fig. 5. Cell burst, growth retardation,
clumping, and loss of membrane stability were among the cytomorphological changes observed. A
similar reaction was seen in cancer cell lines treated with green generated AgNPs [69-70]. However, the
molecular mechanism of Carica papaya latex-functionalized CdO-NPs in cancer and normal cell lines, as
well as on the human immune system, need more thorough research.

The prepared CdO-NPs showed the antibacterial and anticancer activity. Further, considering the
multifunctional properties of the prepared material the photocatalytic degradation study was also
performed. The initial stage of the photocatalytic degradation process is the formation of the adsorption-
desorption equilibrium. Thus, in order to guarantee the establishment of the adsorption-desorption
equilibrium between methylene blue (MB) and the photocatalyst, the suspensions were magnetically
agitated in the dark for 30 minutes prior to light irradiation. This has been confirmed by the consistent
percentage of MB dye adsorption in the dark. After that, the suspension was constantly stirred while
exposed to visible light radiation. To get rid of the remaining photocatalyst, 4 mL of the suspension was
taken after 60 minutes and centrifuged for 2 minutes at 10,000 rpm. Next, using UV-Vis
spectrophotometertric record changes in the absorption peak maxima in the organic dye, the
concentration of MB in the supernatant was determined. After that, the dye's photocatalytic activity at a
concentration of 25 ppm was tested using 25 mg of Carica papaya latex-functionalized CdO-NPs
photocatalyst. As observed in Fig. 6, the quantity of MB produced by visible light gradually decreases.
After 60 minutes of exposure, the degradation efficiency was found to be 21.02%. By doping it with some
active species, this may be raised.

4. Conclusion

CdO-NPs were effectively synthesised in this study for biomedical applications employing an easy,
environmentally friendly method. Carica papaya latex is aged using a method lever to aid in the in-situ
reduction of cadmium ions. This produces well-defined CdO-NPs with irregular shape and a regulated
crystallite size of 35.67 nm. The cost-effectiveness and environmental friendliness of this green
synthesis approach are just two of its benefits, which are consistent with current research trends that
support the creation of bio-mediated NPs. In this case, CdO-NPs showed strong antifungal and
antibacterial qualities. Additionally, CdO-NPs showed unique toxicity to KB-3-1 cancer cells, indicating
that they could be effective anticancer drugs with an IC5 value of 2.69%. These results demonstrate the
possibility for creating superior nanoparticles with exciting biomedical uses through Carica papaya latex-
functionalized synthesis. The amount of MB generated by visible light steadily declines. The
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deterioration efficiency after 60 minutes of exposure was 21.02%. This could be increased by doping it
with some active species.
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Figure 2

SEM images of CdO NPs (inset shows EDS spectrum of CdO NPs).
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XPS spectrum of (a) CdO NPs, (b) O 1s, and (c) Cd 3d.
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and e) S. albicans. f) Bar graph of the corresponding CdO NPs
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Anticancer activity of CdO nanoparticles at different concentrations.
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Photocatalytic degradation profiles of MB using pure CdO-NPs.
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