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Abstract 

This study explores the green synthesis of cobalt nanoparticles (CoNPs) using Butea monosperma 

flower extract, highlighting their antibacterial efficacy, toxicity, and biocompatibility. Utilizing a plant-

based reduction method, cobalt ions were reduced and stabilized by the bioactive compounds in the 

flower extract, forming CoNPs with notable uniformity and stability. Characterization techniques, 

including, UV-VIS spectroscopy, Fourier-transform infrared (FTIR) spectroscopy, and scanning 

electron microscopy (SEM) with energy-dispersive X-ray spectroscopy (EDAX), confirmed the 

formation and nature of the nanoparticles, which exhibited an average size of 10-20 nm. The synthesized 

CoNPs demonstrated significant antibacterial activity against both Gram-positive and Gram-negative 

bacteria, suggesting their potential as effective antimicrobial agents. Toxicity assessment using 

zebrafish, and brine shrimp lethality assay (BSLA), revealed that the nanoparticles exhibited minimal 

toxicity. Biocompatibility studies further indicated that CoNPs had no adverse effects on cellular 

morphology or proliferation, highlighting their suitability for biomedical applications. The eco-friendly 

synthesis method not only provides a sustainable approach to nanoparticle production but also 

enhances the potential for their safe application in medical and environmental fields. The findings 

underscore the promise of B. monosperma-mediated CoNPs as a viable alternative to chemically 

synthesized nanoparticles, with significant implications for antibacterial therapies and biocompatible 

materials. 
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Introduction 

Nanotechnology has emerged as a 

groundbreaking field, offering precise control 

over materials at the atomic and molecular 

levels. Cobalt nanoparticles (CoNPs), with their 

unique magnetic properties and catalytic 

potential, have garnered significant interest for 

various applications [1]. Green synthesis 

methods, which employ environmentally 

friendly approaches like plant extracts or 



microorganisms, synthesize CoNPs, enhancing 

their biocompatibility and reducing 

environmental impact [2, 3, 4]. 

CoNPs exhibit versatile applications across 

different sectors. In medicine, they show 

promise in targeted drug delivery, magnetic 

hyperthermia for cancer treatment, and as 

contrast agents in magnetic resonance imaging 

(MRI) [5, 6]. Often referred to as the flame tree, 

Butea monosperma belongs to the Fabaceae 

family and possesses a diverse spectrum of 

bioactive qualities, including antibacterial, 

antioxidant, and anti-inflammatory actions. In 

our study, we synthesized CoNPs using its 

extract, which is commonly known as the 

Palash tree in India [7]. 

In addition, nanoscale materials have been 

identified as innovative antibacterial agents. 

Various classifications of antimicrobial 

nanoparticles (NPs) and nanosized carriers for 

antibiotic delivery have demonstrated efficacy 

in laboratory settings for treating infectious 

diseases, including those caused by antibiotic-

resistant strains [8]. According to [9] study 

shows that CoNPs synthesized using Hibiscus 

cannabinus leaf extract have significant 

antibacterial activity. The CoNPs have an 

average size of 20.88 nm and are effective 

against Bacillus subtilis and Escherichia coli. 

Several Characterisation techniques have been 

applied to ascertain the characteristics of 

synthesized CoNPs. The composition is 

ascertained through the use of UV/Vis 

Spectroscopy, Fourier Transform Infrared 

Spectroscopy (FTIR), and Scanning Electron 

Microscopy (SEM) with Energy-Dispersive X-

ray Spectroscopy (EDX) [10, 11]. 

Despite their promising applications, concerns 

regarding the cytotoxicity and biocompatibility 

of CoNPs persist [12]. Toxicology studies play 

a crucial role in assessing the safety profile of 

CoNPs and their impact on biological systems 

[13]. Previous research has highlighted the 

cytotoxic and genotoxic effects of CoNPs, 

emphasizing the need for comprehensive 

toxicity assessments to mitigate potential health 

risks [14]. 

Due to their genetic similarity to humans and 

transparent embryos that allow for real-time 

observation of developmental processes, 

researchers widely recognize zebrafish (Danio 

rerio) as valuable in vivo models for toxicity 

assessments [15]. The toxicity of CoNPs in 

zebrafish embryos is of particular interest, with 

studies focusing on parameters such as 

viability, hatch rate, and gross external 

phenotype [16]. Assessing the impact of CoNPs 

on zebrafish embryonic development provides 

crucial insights into their systemic effects and 

potential risks [17]. 

Zebrafish toxicology studies contribute 

significantly to understanding the safety profile 

of CoNPs and their suitability for biomedical 

applications [18]. Insights gained from these 

studies inform the development of strategies to 

mitigate potential toxicity risks associated with 

CoNP exposure [19]. Furthermore, studies on 

zebrafish toxicology pave the way for the 

development of safer nanomaterials with 

improved biocompatibility for therapeutic 

purposes [20]. 

In vitro studies are essential for evaluating the 

biocompatibility of CoNPs. Various cell lines 

are employed to assess parameters such as cell 

viability, reactive oxygen species (ROS) 

generation, and inflammation [21]. These 

studies provide valuable insights into the 

interactions between CoNPs and biological 

systems, informing their potential biomedical 

applications [22]. 

The toxicity assessment of CoNPs and their 

effect on biocompatibility studies represent 

critical areas of research in nanotoxicology 

[23]. By integrating in vitro and in vivo 

approaches, researchers aim to unravel the 

potential adverse effects of CoNPs and 

contribute to the development of safer 

nanomaterials for biomedical applications [24]. 

Zebrafish toxicology studies, in particular, 

provide valuable insights into the systemic 

effects of CoNPs and inform strategies to 



enhance their biocompatibility and safety 

profile. 

This study aims to evaluate the toxicity and 

biocompatibility of CoNPs using B. 

monosperma flower aqueous extract (BMFE) 

through various in vitro assays, including agar 

well diffusion technique, time-kill curve, 

protein leakage analysis, embryonic toxicology 

using zebrafish, toxicity assessment using brine 

shrimp lethality assay (BSLA), cell viability 

MTT assay, and scratch wound healing assay. 

Materials and Methods 

CoNPs are synthesized by using BMFE and 

characterized by various assays [7]. Figure 1 

displays a graphical abstract of the green 

synthesis of CoNPs using plant extracts. 

 

Figure 1. Graphical Abstract of Cobalt Nanoparticle Synthesis and its Characterization 

Collection of Plant Sources 

B. monosperma flowers (BMF) were collected 

from Chennai, Tamilnadu, India, in the month 

of June-July 2023. The samples were verified 

by the Centre for Advanced Studies in Botany 

at the University of Madras, Chennai, India. 

Preparation of Extracts 

The BMF was chopped into small pieces, 

washed 3 times with tap water, and 

subsequently air-dried in a shaded area for three 

days. Once the BMF were fully dried, they were 

ground into a fine powder and kept for future 

use. Subsequently, 25 g of BMF powder was 

poured into a 300 mL solution of double-

distilled H2O at 60°C for 20 mins. Afterwards, 

the extract was filtered using a muslin cloth and 

then further refined using a Whatman filter 

paper with a diameter of 125 mm. The filtered 

solution was subsequently stored at a 

temperature of 4°C. Further use. 

Preparation of Cobalt Chloride Solution 

A 5mM cobalt chloride (CoCl2) solution was 

made by dissolving it in 300 mL of distilled 

water. 

Synthesis of Cobalt Nanoparticles 

To synthesize CoNPs, 10 mL of BMFE was 

combined with 90 mL of a CoCl2 solution (5 

mM) and agitated at 35°C. The acidity level of 

the reaction mixture was consistently checked 

and recorded. Subsequently, the reaction 

mixtures were incubated in a dark room on a 

rotating shaker at 40°C and a speed of 300 rpm 

for 3 hours. The visual evaluation of the 

reaction mixture's colour was followed by 

incubation at room temperature for 72 hours. 

After the incubation period, a total colour 

change was detected in the reaction mixture, 

suggesting the successful synthesis of 

nanoparticles. Conversely, the control 

containing solely CoCl2 exhibited no alteration 



in colour. Figure 2 depicts a graphical abstract 

of synthesised cobalt nanoparticle application. 

 

Figure 2: Graphical Abstract of Synthesised Cobalt Nanoparticle Application 

Characterization of CoNPs 

The CoNPs were characterized using UV- vis 

spectroscopy, FTIR spectroscopy, and SEM 

with EDAX. At first, synthesis was detected 

using UV-visible spectrophotometry in the 

range of 200-800 nm. The FTIR analysis, at 

4000-400 cm-1, successfully identified the 

specific functional groups present on the 

CoNPs. The morphology and purity were 

evaluated using SEM with EDAX. 

Antibacterial Activity 

Antibacterial activity was evaluated using 

CoNPs synthesized by BMFE using the agar 

well diffusion method. The bacterial culture 

selected one gram-positive (Staphylococcus 

aureus) and two negative bacteria (E. coli and 

Pseudomonas sp.) [25]. 

Time-Kill Curve Analysis 

To assess the bactericidal properties of CoNPs, 

a time-kill curve was employed, following a 

methodology similar to the one described in the 

author's research work [26], their correlation 

with the growth patterns of the three above-

mentioned bacteria was analyzed. This assay 

involved the cultivation of these pathogens in 

Mueller Hinton broth with varying 

concentrations of CoNPs (ranging from 100µg 

to 1000µg) while tracking their growth at 

specified time intervals. 

To ensure consistent results, preliminary 

growth curves were established, ensuring that 

the pathogens reached from a stable early phase 

to a mid-log bacterial phase after a five-hour 

pre-incubation period in antibacterial-free 

Mueller Hinton Broth. A 0.5 McFarland 

inoculum of each pathogen was meticulously 

prepared in sterile phosphate-buffered saline 

(PBS) and derived from cultures grown on 

Mueller Hinton agar plates at 37°C for 18-20 

hours. Subsequently, 30 µL of this inoculum 

was diluted in 15 mL of pre-warmed (37°C) 

antibacterial-free Mueller Hinton broth, and 90 

µL of this resultant mixture was carefully 

dispensed into each well of a 96-well enzyme-

linked immunosorbent assay (ELISA) plate. To 

each well, 10 µL of BMFE-CoNPs at five 

different concentrations were added, and an 

untreated control was also included in the assay 

for reference purposes. 

Protein Leakage Analysis 

The release of bacterial proteins into the 

supernatant was employed to assess the 

integrity of bacterial cells. Three bacterial 

suspensions (E. coli, S. aureus, and 

Pseudomonas sp), each with a volume of 10 

mL, were treated with varying concentrations 

of BMFE- CoNPs (25, 50, and 100 µL). 

Bacterial suspensions served as positive 

controls, while ampicillin was used as standard. 



The analysis of protein leakage was performed 

using an approach similar to the one described 

in the author's research [27]. 

Embryonic Toxicology Study on CoNPs 

Using Zebrafish 

The zebrafish embryos were incubated in the 

culture medium as water and kept at a 

temperature of 26°C. Embryos that were chosen 

at random, 4 hours after fertilization (during the 

spherical stage), were kept in a 10 mL solution 

of zebrafish culture water. Viable embryos were 

placed on 96-well culture plates containing 0.2 

mL of culture water. 0.1 mL of CoNPs 

synthesized by BMFE at various doses (5, 10, 

20, 40, and 80 μg/mL) was applied to each well. 

The experiment consisted of three replicates, 

where the control group consisted of embryos 

in the culture media. The plates were placed in 

an incubator set at a temperature of 26°C. The 

progress of embryo and zebrafish larvae 

development was monitored at various time 

points after fertilization. The hatching and 

mortality rates were determined at 12-hour 

intervals based on the number of embryos that 

remained alive. The nanoparticles were seen to 

cause malformations in embryos under a 

microscope [28]. 

Toxicology Study Using Brine Shrimp 

The brine shrimp lethality assay (BSLA) was 

used to evaluate the cytotoxicity of the CoNPs 

synthesized using the BMFE at different 

concentrations (5, 10, 20, 40, and 80 µg/mL). 

The assay was conducted using the approach 

described in prior work [29]. 

The Cell Viability MTT Assay 

Fibroblast cells were cultured individually in 

96-well plates at a density of 5×10^3 cells per 

well in DMEM media supplemented with 10% 

FBS and 1X antibiotic solution. The cells were 

then placed in a CO2 incubator at a temperature 

of 37°C with a CO2 concentration of 5%. The 

cells were rinsed with 100 μL of 1X PBS and 

then exposed to CoNPs. After that, they were 

incubated at 37°C with 5% CO2 for 24 h. 

Following the treatment, the liquid in the 

container was removed, and the cells were 

exposed to MTT (0.5 mg/mL in 1X PBS) at a 

temperature of 37°C for 4 h. After the 

incubation period, the media containing MTT 

was removed, the cells were rinsed with 100 μL 

of PBS, and the crystals that formed were 

dissolved in 100 μL of DMSO. The absorbance 

of the generated purple-blue formazan dye was 

quantified at a wavelength of 570 nm using a 

microplate reader. Cell vitality was determined 

based on the approach described in prior work 

[30]. 

To examine the impact of CoNPs produced by 

BMFE on cell morphology, a total of 200,000 

normal fibroblast cells were evenly distributed 

in six-well plates and subjected to either CoNPs 

treatment or no treatment for 24 hours. After the 

treatment, the cells were rinsed with PBS and 

examined using an inverted phase contrast 

microscope. 

Scratch Wound Healing Assay 

3T3-L1 cells of 2×10^5 cells per well were 

placed onto six-well plate cultures. A wound 

was developed in the cell monolayer by 

scratching it with a 200 μl tip. The monolayer 

was then washed with PBS and images were 

taken using an inverted microscope. The cells 

were tested with CoNPs (100 μg/ml) for 24 

hours, while the control cells were given a 

growth media without serum. The wound area 

photos were captured post-treatment, and the 

experiments were carried out three times for 

each treatment group [30]. 

Results 

Ultraviolet-Visible Spectroscopy of 

Cobalt Nanoparticles 

The "CoNPs BMFE" sample has an absorption 

spectrum in the 200–600 nm UV–Vis range 

shown in Figure 3. The absorbance peak is 

observable at approximately 220-230 nm, 

which suggests that the cobalt nanoparticles are 

undergoing electronic transitions. As the 

wavelength increases, the absorbance gradually 



decreases, with the visible range having less 

absorbance and the UV region having more 

absorbance. The absorbance gets closer to zero 

as the wavelength gets closer to 600 nm, 

indicating little absorption in the visible range 

and pointing to general transparency. Charge 

transfer or electronic changes inside the 

nanoparticles are likely the cause of this notable 

UV absorption. 

 

Figure 3. Ultraviolet-Visible Spectrum of Cobalt Nanoparticles Synthesized Using B. Monosperma Flower 

Aqueous Extract (BMFE) 

FTIR Analysis of Cobalt Nanoparticles 

CoNPs synthesized from B. monosperma’s 

FTIR spectrum shown in Figure 4 illustrate the 

presence of several functional groups. The large 

peaks at 3825 and 3734 cm−1 indicate that water 

or hydroxyl groups may be the source of O-H 

stretching. The peak at 3261 cm−1 indicates that 

amines' N-H stretching is the cause. The C=C 

stretching indicated by the peak at 1601 cm−1 is 

most likely from aromatic compounds, while 

the peaks at 2085 and 1993 cm−1 suggest C≡C 

stretching from alkynes. The C-N stretching is 

represented by the 1251 cm −1 peak, and the C-

O stretching is represented by the 1008 cm−1 

peak. The nanoparticles' cobalt-oxygen 

interactions are characterized by metal-oxygen 

(M-O) bonds, which are confirmed by peaks in 

the 607 cm −1 range. 

 

Figure 4. FTIR Spectrum of Cobalt Nanoparticles Synthesized Using B. Monosperma Flower Aqueous Extract 

(BMFE) 



SEM with EDAX Analysis of Cobalt 

Nanoparticles 

Figure 5A displays the SEM analysis results 

revealing that the synthesized BMFE-mediated 

CoNPs exhibit agglomerated spherical forms. 

These particles are scattered with an average 

size ranging from 10 to 20 nm. The elemental 

composition of the sample was revealed by the 

EDAX spectrum (Figure 5B), which displayed 

notable peaks for oxygen at 0.67 keV and cobalt 

at 6.93 keV, demonstrating oxygen's higher 

abundance. Based on the statistical analysis of 

the "Smart Quant Results" table, oxygen had a 

weight percentage of 76.26% and an atomic 

percentage of 92.21%. Its net intensity was 

298.04 having a variance of 3.55%. For oxygen, 

the K-ratio, Z, A, and F values were, in that 

order, 0.7408, 1.0686, 0.9090, and 1.0000. 

Cobalt had a weight percentage of 23.74% and 

an atomic percentage of 7.79%. Its net intensity 

was 16.83 with an inaccuracy of 11.02%. Z, A, 

F, and K-ratio values were 0.1135, 0.7786, 

0.6140, and 1.0000, in that order. This research 

provided information useful in material science 

by highlighting the majority of oxygen and a 

lower percentage of cobalt. 

 

Figure 5. (A) Scanning Electron Microscopy Image, and (B) Dispersive X-ray Spectroscopy (EDAX) Spectrum 

of Cobalt Nanoparticles Synthesized Using B. Monosperma Flower Aqueous Extract (BMFE) 

Antibacterial Activity of Cobalt 

Nanoparticles 

Zones of inhibition (ZOI), which were the clear 

areas surrounding the antibacterial discs in 

Figure 6 showed how effective the antibacterial 

agent was at varying concentrations. The 

chemical was more successful in preventing 

bacterial growth in areas that were greater in 

size. Higher doses of CoCl2 result in wider 

zones of inhibition, suggesting that it is efficient 

against the bacteria in this situation. The ZOI, 

or clear areas surrounding the antibacterial 

discs, demonstrate how well CoCl2 works to 

block S. aureus, E. coli, and Pseudomonas sp. 

Greater suppression of bacterial growth was 

indicated by bigger zones, which were 

correlated with the concentration of CoCl2. 

"100µg" was the most effective concentration, 

with the greatest inhibition zone; "50µg" and 

"25µg" were the next most effective. The 

antibiotics' efficiency was indicated by the 

zones of inhibition surrounding each disc, 

A B



which vary in size. The smallest zone was 

located around the 25-µg disc, the greatest zone 

was located around the 50-µg disc, and the 

largest zone was around the 100-µg disc. This 

pattern indicated that the bacterium was 

amenable to the NPs, with wider ZOI 

corresponding to higher concentrations. 

The ZOI mm at 25, 50, and 100 µg/mL 

concentrations of B. monosperma (CoNPs) 

against Pseudomonas, E. coli, and S. aureus, 

together with a standard reference, illustrated 

the antibacterial activity of CoNPs. The 

concentration of CoNPs in µg/mL was 

represented by the x-axis, while the inhibition 

zones were displayed in mm on the y-axis. In 

all doses, Pseudomonas sp (blue), E. coli (red), 

and S. aureus (green) all showed comparable 

inhibitory zones that measured 8 to 10 mm. 

Pseudomonas sp, E. coli, and S. aureus stay 

around 8–10 mm, but the standard reference 

displayed a substantially greater ZOI for E. coli, 

at about 35 mm. At the quantities that were 

examined, the antibacterial activity of CoNPs 

was similar for all three species. However, 

especially when it comes to E. coli, the standard 

reference was significantly more powerful, as 

indicated in Figure 6D. 

 

Figure 6. Antibacterial Activity (A) S. Aureus, (B) Pseudomonas sp., (C) E. Coli, and (D) Graphical 

Representation of Cobalt Nanoparticles Synthesized Using B. Monosperma Flower Aqueous Extract (BMFE) 

Time-Kill Curve Analysis of Cobalt 

Nanoparticles 

Over five hours, in Figure 7A, the graph 

showed how B. monosperma (CoNPs) reduced 

the number of S. aureus. Higher doses (100 

µg/mL) are more effective than the usual 

antibacterial agent, although not as effective. 

Without treatment, the control exhibits 

increased bacterial growth, showing no 

antibacterial action. 

Figure 7B demonstrates how B. monosperma 

(CoNPs) decreases Pseudomonas sp bacterial 

count during 5 hours; higher doses (100 µg/mL) 

are more efficient. In contrast to B. 

monosperma, the conventional antibacterial 

drug exhibits noticeably higher activity 

(CoNPs). 

The graph in Figure 7C displays, about a 

standard and a control, the antibacterial action 

of B. monosperma CoNPs on E. coli over 5 

hours at varying concentrations (25, 50, and 

100 µg/mL). All treated groups, including the 

standard, show a drop in the number of bacteria, 

with greater doses of CoNPs producing a more 

notable reduction. The control group showed an 

increase in the number of bacteria. 



 

Figure 7. Time-Kill Curve Analysis of B. Monosperma (CoNPs) Against (A) S. Aureus, (B) Pseudomonas sp, 

and (C) E. Coli 

Protein leakage analysis of cobalt 

nanoparticles 

The protein leakage study of B. monosperma 

CoNPs at varying concentrations (25, 50, and 

100 µg/mL) on three bacterial strains (E. Coli, 

Pseudomonas sp., and S. aureus) is shown in 

Figure 8 about a standard and a control. All of 

the bacterial strains have optical density values 

that are comparable to the standard and rise 

with increasing CoNP concentrations; the 

control group exhibits the lowest optical 

density. 

 

Figure 8. Protein Leakage Analysis of Cobalt Nanoparticles Synthesized Using B. Monosperma Flower 

Aqueous extract (BMFE) 

Toxicity of Cobalt Nanoparticles in 

Zebrafish Embryos 

Figure 9 depicts the various stages of zebrafish 

embryo development, including larval 

development. Regular cell division and general 

arrangement in the early embryonic stage, 

normal progression and segmentation in the late 

embryonic stage, and a well-formed head, eyes, 

somites, and tail in the larval stage all suggest 



that CoNPs may not cause acute toxicity or 

significant developmental delays up to these 

stages. More investigation is necessary to 

determine any long-term consequences through 

molecular assays, specific developmental 

endpoints, hatching success rate, and survival 

rate. 

 

Figure 9. CoNPs Incorporated Phases of Zebrafish Embryo and Larval Developments 

Hatching Rate of Zebrafish Egg Treated 

with CoNPs-BMFE 

When compared to the control group, the 

hatching rates in Figure 10A show that CoNPs 

made from BMFE are not harmful at low 

concentrations (5-20 µg/mL). Hatching rates 

do, however, noticeably decline at higher 

dosages (40-80 µg/mL), suggesting 

considerable toxicity. This finding 

demonstrates that there is a concentration-based 

adverse effect on zebrafish embryo hatching. 

Viability Rate of Embryo Treated with 

CoNPs-BMFE 

Figure 10B shows that CoNPs made from 

BMFE don't affect the viability of zebrafish 

embryos at low doses (5-20 µg/mL), with 

viability rates that are the same as the control 

group. On the other hand, the nanoparticles 

exhibit increasing toxicity at higher doses of 

40-80 µg/mL, as demonstrated by a drop in 

viability rates. This demonstrates a 

concentration-dependent harmful effect on 

zebrafish embryo viability. 

 

Figure 10. (A) Hatching Rate and (B) Viability Rate of Zebra Fish Egg Treated with CoNPs-BMFE 

Hatching Rate of Eggs with BMFE 

Figure 11A shows that the hatching rate of eggs 

with BMFE decreases as the concentration 

increases from 5 µg/mL to 80 µg/mL, with the 

control group showing the highest rate of 

hatching. Because there is a negative 

correlation between B. monosperma 



concentration and hatching rate, this shows that 

higher concentrations inhibit hatching. 

Viability Rate of Egg with BMFE 

Figure 11B displays the percentage of cells that 

maintain viability following exposure to 

varying concentrations of BMFE. With a 

viability rate of about 100%, the control group 

has the highest rate of any treatment group. The 

other treatment groups' viability rates are 

considerably lower but still extremely close to 

100%. This indicates that B. monosperma 

dosages ranging from 5 µg/mL to 80 µg/mL do 

not significantly lower cell viability when 

compared to the control group. 

 

Figure 11. (A) Hatching Rate and (B) Viability Rate of Egg with BMFE 

Cytotoxic Effect of CoNPs-BMFE 

The cytotoxic effect of B. monosperma CoNPs 

during two days is shown in Figure 12A. It 

shows that the proportion stays almost 100% at 

lower concentrations (5, 10, and 20 µg/mL), but 

drastically drops to approximately 70% and 

80% at higher concentrations that is 40 and 80 

µg/mL. This indicates that the toxicity of 

CoNPs is dose-dependent, as evidenced by the 

fact that nauplii survival declines dramatically 

at higher concentrations while staying nearly 

100% alive in the control group. 

Cytotoxic Effect of BMFE 

The bar graph is shown in Figure 12B, relative 

to a control, the cytotoxic effect of B. 

monosperma at various doses from 5, 10, 20, 

40, and 80 µg/mL on live nauplii for two days. 

The percentage of live nauplii remains high at 

all concentrations and in the control, indicating 

that B. monosperma has negligible cytotoxicity 

at the measured concentrations. 

 

Figure 12. (A) Cytotoxic Effect of CoNPs-BMFE and (B) Cytotoxic Effect of BMFE 



MTT Assay 

The results of the MTT assay are shown in 

Figure 13 as a bar graph. It shows the 

percentage of living cells at different CONPs-

BMFE concentrations (25, 50, 75, 100, 125, and 

150 µg/mL) compared to a control. Up to 100 

µg/mL, the data show that cell viability is high 

and similar to the control, but at 125 and 150 

µg/mL, it considerably drops, indicating 

cytotoxic effects at higher dosages. CoNPs are 

not cytotoxic to normal fibroblast cells. 

 

Figure 13. The Percentage of Cell Viability at Various CoNPs-BMFE Concentrations 

Effect of CoNPs-BM on Cell Morphology 

of Osteosarcoma Cells (MG-63) of 

Human 

The influence of CoNPs-BMFE on the 

morphology of human osteosarcoma cells 

(MG-63) was observed. After exposing cells to 

100 μg/mL of CoNPs-BMFE for a day, they 

were looked at with the inverted phase contrast 

microscope shown in Figure 14. Following 

CoNPs-BMFE treatment, the number of cells 

shrank, and they exhibited cytoplasmic 

membrane blebbing. Figure 14A shows a 

control (MG-63) and Figure 14B tests samples 

of CoNPs-BMFE at 100 μg/mL. 

 

Figure 14. Effect of CoNPs-BM on Cell Morphology of Human Osteosarcoma Cells 

Scratch Wound Healing Assay (3T3-L1) 

Test for in vitro scratch wound healing. After 

injuring 3T3-L1 (mouse fibroblast) cells, a cell 

migration experiment was conducted 24 hours 

later both with and without therapy (CoNPs-

BMFE 100 μg/ml). An inverted phase contrast 

microscope, as shown in Figure 15, was used to 

obtain images. 



 

Figure 15. Scratch Wound Healing Assay- Migration of Cell 

Discussion 

This study synthesized CoNPs through a 

biosynthesis method using plant extract derived 

from B. monosperma. The UV-Vis analysis 

exhibited a distinct absorbance maximum at 

approximately 220-230 nm, which indicates 

electrical transitions in the nanoparticles. The 

absence of the peak towards longer 

wavelengths, which points toward transparency 

across the visible spectrum is due to the 

electrical nature of the NPs (CoNPs BMFE). 

According to the present work, and known 

investigations conducted on various metal 

nanoparticles synthesized by green synthesis 

approaches [7, 31]. 

FTIR analysis also revealed the presence of 

hydroxyl groups, amines, and aromatic 

compounds on CoNPs BMFE surface and 

others. These functional groups are believed to 

support both the stability and bioactivity of the 

NPs have been stated earlier in the synthesis of 

metal NPs mediated by plants [32, 33]. 

From the SEM with EDAX analysis, the levels 

of oxygen were recorded to be higher than 

cobalt and constituted the largest proportion of 

CoNPs BM’s elemental components. The 

formulation of this composition follows recent 

papers on CoNPs synthesized from plant 

extracts [34] and also underscores the critical 

role of oxygen-rich conditions in NPs 

syntheses. 

CoNPs BM exhibited antibacterial activity 

against different pathogens at different 

concentrations and the highest inhibition was 

observed against E. coli, S. aureus, and 

Pseudomonas. The increase in concentration 

resulted in more inhibition zones, and the 

antibacterial effectiveness at all the 

concentrations investigated in the present study 

agreed with the findings on metal nanoparticle-

based antimicrobials from previous literature 

[35, 36]. 

As stated in most recent works, the 

investigation on the protein leakage prospects 

corroborated the antibacterial impact of CoNPs 

BMFE since it revealed a concentration-

dependent enhanced protein leakage across 

bacterial cells, relating this to disturbances of 

the cell membranes caused by these NPs [37]. 

Considering all the factors, the realistic 

approach toward the synthesis of an 

embodiment of CoNPs for the treatment of 

clinically relevant diseases causing agents 

employing antimicrobial properties is the 

ecologically friendly synthesis of B. 

monosperma extract. The biological assessment 

and characterization of the study are in line with 

the most recent advancements in 

nanobiotechnology, suggesting the potential of 



plant-mediated NPs for biomedical 

applications. 

The current work examined the possible 

toxicity of BMFE-synthesized CoNPs on 

zebrafish embryos and different cell types. As 

with other studies [38, 39], the results suggest 

that CoNPs, at low concentrations (5-20 

µg/mL), don't have a big effect on the survival 

and normal development of zebrafish embryos. 

We observe regular cell division and 

characteristic morphological traits throughout 

the embryonic and larval phases. However, the 

higher concentration ranges (40-80 g/mL) 

showed a negative impact, as evidenced by a 

lower hatching rate, viability, and deformities 

on the larvae, indicating a toxic activity based 

on concentration graduations. 

These findings corroborate other studies that 

demonstrate the toxic impact of metal 

nanoparticles on aquatic species, contingent on 

the metal concentration. For instance, a study 

on the toxic effects of silver nanoparticles on 

zebrafish eggs demonstrated similar dose-

dependent effects, with high concentrations 

exhibiting a strong toxic response and 

inhibiting development, while lower 

concentrations had negligible effects on egg 

development [1]. Regarding the above 

comparison and contrast, it is clear that 

nanoparticle concentration plays an important 

role in determining its toxicology. 

The observed toxic effects of CoNPs are 

consistent with previous findings and are more 

evident at higher concentrations, as supported 

by the MTT assay data. Cell viability was good 

and similar to that of controls up to 100 µg/mL; 

however, at 125 and 150 µg/mL, cell viability 

was significantly reduced, and as such, there are 

some indications of cytotoxicity at higher 

concentrations. This is similar to what was 

found before about how metal oxide 

nanoparticles like zinc oxide and titanium 

dioxide are harmful; higher concentrations 

cause more oxidative stress, which damages 

cells [40, 41]. 

The scratch wound healing test with 3T3-L1 

cells showed that CoNPs at 100 µg/mL slowed 

down cell migration, as the wound didn't close 

up as much after 24 hours. Similar studies of 

CoNPs that impaired cell motility through 

disruption of cytoskeleton dynamics agree with 

this migratory inhibition [42]. Furthermore, the 

degree to which MG-63 osteosarcoma cells' 

morphology changed after being exposed to 

CoNPs, including membrane blebbing, cell 

shrinkage, and a broken cytoskeleton, suggests 

that higher concentrations may be harmful to 

cells, which is in line with previous research 

[43]. 

However, the B. monosperma extract by itself 

did not show significant levels of cytotoxicity 

at the concentrations that were tested. It also 

had a small effect on the development of 

zebrafish embryos, as shown by the percentages 

of viable embryos and their growth. This 

implies that the CoNPs are mostly to blame for 

the observed toxicity in the combined CoNPs 

[31]. 

Conclusions 

In conclusion, this research successfully 

highlights the green synthesis of CoNPs 

through the utilization of B. monosperma 

flower extract (BMFE). Characterization 

techniques such as UV-vis spectroscopy, SEM 

with EDAX, and FTIR confirmed the formation 

of distinct nanoparticles with a size range of 

10–20 nm. This eco-friendly synthesis method 

minimizes the use of harmful chemicals, 

leveraging the inherent reducing and stabilizing 

factors in the flower extract. The synthesized 

CoNPs exhibited strong antibacterial effects 

against both Gram-positive and Gram-negative 

bacteria, indicating their potential applications 

in biomedicine and environmental science. 

However, the study on CoNP toxicity and 

biocompatibility revealed that higher 

concentrations of CoNPs led to minimal 

toxicity, as evidenced by reduced cell viability 

and higher levels of ROS. These findings 

highlight potential health risks associated with 



CoNP exposure, necessitating careful 

consideration of dosage and safety measures in 

biomedical applications. The utilization of this 

green synthesis technique offers an ecologically 

friendly and economically effective method for 

producing CoNPs, combining sustainability 

with enhanced antibacterial properties. 

Additional research should investigate the 

mechanisms by which these biogenic 

nanoparticles exhibit antibacterial properties 

and explore their broader applications. Further 

studies are also needed to fully understand the 

impact of CoNPs on human health and to 

develop safer nanomaterials for medical use. 
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