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ABSTRACT 
Background: Abrus precatorius is a herbaceous flowering plant belonging to the family Fabaceae. Plant-mediated 
nanoparticle synthesis has gained importance due to its eco-friendly and biocompatible nature. Zinc oxide 
nanoparticles possess unique physicochemical properties such as low toxicity and antimicrobial potential. This study 
aimed to synthesize zinc oxide nanoparticles using Abrus precatorius plant extract and evaluate their antibacterial and 
antioxidant activities along with toxicity assessment using zebrafish embryos. 
Aim of the Study: To synthesize zinc oxide nanoparticles using Abrus precatorius plant extract through a green, eco-
friendly approach and assess its toxicity and biocompatibility. 
Materials and Methods: Zinc oxide nanoparticles were synthesized from Abrus precatorius plant extract using a 
green synthesis approach. Zebrafish embryos were maintained in E3 medium containing NaCl, KCl, CaCl₂•2H₂O, and 
MgSO₄•7H₂O at pH 7.0–7.5 and incubated at 28.5°C. Embryos were placed in 96-well plates to assess toxicity based 
on hatching rate. Antibacterial activity was evaluated using the agar well diffusion method against Gram-positive 
bacteria (Staphylococcus aureus, Bacillus subtilis) and Gram-negative bacteria (Escherichia coli, Pseudomonas 
aeruginosa). Antioxidant activity was assessed using hydrogen peroxide scavenging assay, and absorbance was 
measured using a microplate reader. 
Results: Zebrafish embryos exposed to ZnO-NPs showed an 80–90% hatching rate, indicating low toxicity compared 
to the control group. Significant antibacterial activity was observed at 20 µg/mL, showing larger zones of inhibition 
against all tested microorganisms. The nanoparticles also demonstrated moderate antioxidant activity, comparable to 
the control but lower than vitamin E. 
Conclusion: Zinc oxide nanoparticles synthesized from Abrus precatorius exhibited significant antibacterial and 
antioxidant activity with minimal toxicity. These findings suggest their potential application as safe and effective 
agents for antimicrobial therapy and wound healing. 
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INTRODUCTION 
Abrus precatorius, commonly known as jequirity 
bean or rosary pea, is a flowering plant in the 
Fabaceae family, native to tropical and 
subtropical regions of the world. The plant is 
known for its striking seeds, which are small, 
round, and typically red with a black spot, making 
them resemble rosary beads, hence its 
name.1,2While the plant has ornamental value due 
to its vibrant red seeds, it is also widely 

recognized for its medicinal properties. The plant 
grows as a woody vine, and its leaves, seeds, and 
roots have been traditionally used in various 
herbal remedies. However, the seeds are highly 
toxic due to the presence of a potent toxin called 
abrin, which can cause severe poisoning if 
ingested.2 
In traditional medicine, especially in the Western 
regions of Ghana, different parts of Abrus precatorius 
are used to treat a variety of ailments. 3The leaves of 
the plant are commonly used as an anti-diabetic 
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remedy, and a decoction of young leaves is given to 
treat coughs. Dried leaves and root powder are often 
administered orally for eye complaints, while the leaf 
powder is used for urinary issues. Additionally, the 
seed extract is known for its application in treating 
sciatica.4 Despite its toxic nature, the medicinal use of 
Abrus precatorius highlights its significance in 
traditional healing practices. However, caution must 
be exercised when handling the plant, particularly its 
seeds, due to their toxicity. 5 
Zinc oxide nanoparticles (ZnO NPs) have emerged as 
one of the most promising nanomaterials due to their 
unique physicochemical properties, including high 
surface area, biocompatibility, and ability to be easily 
functionalized.6 These nanoparticles are gaining 
significant attention in various scientific fields, 
particularly in medicine and dentistry, because of their 
versatile applications.7 ZnO NPs exhibit remarkable 
antimicrobial properties, making them effective in 
inhibiting the growth of a wide range of bacteria, 
fungi, and viruses. This characteristic makes them 
particularly valuable for medical and dental 
applications, where preventing infection is a critical 
concern.8 Furthermore, their low toxicity and 
biocompatibility with human tissues make them a 
safer alternative to traditional antimicrobial agents.9 
In medicine, ZnO nanoparticles have been explored 
for a variety of therapeutic uses, including drug 
delivery, wound healing, and tissue engineering.10 
Their antimicrobial activity is especially useful in 
preventing infections in wound care and promoting 
faster healing. ZnO NPs can be incorporated into 
topical formulations, such as ointments and creams, 
where they act as broad-spectrum antimicrobial 
agents.11 Additionally, they have been investigated for 
their potential to improve the efficacy of certain drugs 
by facilitating controlled release and targeting specific 
sites in the body. Moreover, their antioxidant 
properties make them valuable in protecting cells from 
oxidative stress and reducing inflammation, which is 
crucial in the treatment of various chronic diseases, 
including diabetes, cardiovascular diseases, and 
cancer.12 
In dentistry, ZnO nanoparticles are increasingly used 
for their antimicrobial and anti-inflammatory 
effects.12,13 They can be integrated into dental 
materials, such as dental fillings, coatings, and 
sealants, to prevent bacterial growth and reduce the 
risk of infections in the oral cavity. ZnO NPs are also 
incorporated into toothpaste and mouthwashes due to 
their ability to combat plaque-forming bacteria, 
contributing to better oral hygiene and overall dental 
health. 14Furthermore, their anti-inflammatory 
properties help in the management of gum diseases 
such as gingivitis and periodontitis, providing relief by 
reducing swelling and irritation in the oral tissues. The 

integration of ZnO NPs into dental products ensures 
not only enhanced therapeutic effectiveness but also 
prolonged durability of the materials.15 
ZnO nanoparticles also possess significant antioxidant 
properties, which contribute to their effectiveness in 
reducing oxidative stress and preventing cellular 
damage. Oxidative stress is a key factor in many 
inflammatory conditions, and the antioxidant activity 
of ZnO NPs can help mitigate this damage by 
scavenging harmful free radicals.16 This makes them 
highly beneficial in treating conditions associated with 
chronic inflammation, such as arthritis and 
neurodegenerative diseases. 17Additionally, their 
ability to modulate immune responses makes ZnO NPs 
an attractive candidate for developing novel anti-
inflammatory treatments. Through these combined 
antimicrobial, anti-inflammatory, and antioxidant 
properties, ZnO nanoparticles are shaping the future of 
medical and dental treatments, offering safe, effective, 
and sustainable solutions for a wide range of health 
concerns.17,18 The aim of this study is to analyse the 
antibacterial and antioxidant activity of zinc 
nanoparticles by synthesising it from Abrus 
precatorius plant. 
 
MATERIALS AND METHODS 
Preparation of zinc oxide nanoparticles from Abrus 
precatorius: 
The extraction of zinc oxide nanoparticles (ZnO NPs) 
from Abrus precatorius plant extract follows a green 
synthesis approach, where the plant extract acts as 
both the reducing and stabilizing agent. This eco-
friendly method is gaining popularity due to its 
simplicity, cost-effectiveness, and minimal 
environmental impact. The first step is to collect the 
plant material, typically the leaves, seeds, or stems of 
Abrus precatorius. These parts of the plant are known 
for their medicinal properties and are rich in bioactive 
compounds, which can facilitate the reduction of zinc 
ions to zinc oxide nanoparticles. A zinc nitrate solution 
(1–10 mM) was prepared and mixed with the plant 
extract under constant stirring. Phytochemicals such as  
flavonoids, alkaloids, and polyphenols facilitated the 
reduction of Zn²⁺ ions to ZnO nanoparticles. 
Formation of nanoparticles was indicated by a color 
change. The nanoparticles were collected by 
centrifugation, washed, and dried at 50–60°C. 
Zebrafish Breeding and Embryo Collection 
Adult zebrafish were maintained in breeding tanks at 
a 1:2 male-to-female ratio in E3 medium (pH 7.4 -- 
7.6) at 28.5°C. Fish were separated overnight and 
allowed to spawn in the morning. Fertilized eggs were 
collected, rinsed with E3 medium, and examined 
under a stereomicroscope. Healthy embryos were 
selected for further experiments. 
Toxicity Assessment Using Zebrafish Embryos 
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Toxicity of ZnO-NPs was evaluated by exposing 
selected embryos to different concentrations of 
nanoparticles. Embryos were placed in 96-well plates 
(one embryo per well) containing 200 µL of test 
solution. Control (E3 medium) and solvent control 
(DMSO) groups were maintained. Embryos were 
incubated at 28.5°C in the dark. Observations were 
recorded daily for hatching rate, mortality, 
developmental abnormalities, and overall growth. 
Antibacterial Activity by Agar Well Diffusion 
Method 
Antibacterial activity was assessed against Gram-
positive (Staphylococcus aureus, Bacillus subtilis) and 
Gram-negative (Escherichia coli, Pseudomonas 
aeruginosa) bacteria using the agar well diffusion 
method. 
Mueller-Hinton agar plates were prepared and 
inoculated with bacterial suspensions adjusted to 0.5 
McFarland standard. Wells were loaded with ZnO-NP 
samples (10–20 µL). Positive control antibiotics and 
negative controls were included. Plates were incubated 
at 37°C for 18–24 hours, and zones of inhibition were 
measured. 
Antioxidant Activity by Hydrogen Peroxide 
Scavenging Assay 
Antioxidant activity was determined using the 
hydrogen peroxide scavenging assay. PBS (pH 7.4) 
and 40 mM H₂O₂ solution were prepared freshly. ZnO-
NP samples (10–100 µg/mL) and ascorbic acid 
(standard) were used. 
In a 96-well plate, 100 µL of the sample was mixed 
with 100 µL of H₂O₂. Controls were maintained 
appropriately. The mixture was incubated in the dark 
for 10 minutes, and absorbance was measured at 230 
nm. A decrease in absorbance indicated antioxidant 
activity. 
 
RESULTS 
 

 

Fig. 1 represents evaluation of  the toxicity of 
nanoparticles using zebrafish embryos. This method 
takes advantage of their genetic similarity to humans, 
making them a valuable model for studying potential 
human toxicity.  
 
 

 
Fig. 2  Graph Depicting the Antimicrobial Activity of 
the synthesised nanoparticles using two Gram - 
Negative micro organisms { Escherichia Coli, 
Pseudomonas Aeruginosa} and two Gram - Positive 
micro organisms { Streptococcus Mutans and 
Staphylococcus Aureus}. 
 
 

 
Fig. 3 represents analysis of the antioxidant activity of 
the sample using  H₂O₂ (hydrogen peroxide) as a free 
radical source. 
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The analysis shows the percentage of embryo 
mortality for both the sample group (embryos exposed 
to the nanoparticles) and the control group over a 120-
hour observation period (24h, 48h, 72h, 96h, and 
120h). The embryos exposed to the nanoparticles did 
not experience higher mortality than the untreated 
control group. The nanoparticles appear to be non-
toxic or minimally toxic under the tested 
concentration. The results indicate that the zebrafish 
embryos tolerated the nanoparticles well, with no 
major harmful effects observed throughout the 
exposure period. This supports the conclusion that the 
nanoparticles are biocompatible and safe within the 
conditions of this experiment. 
High-concentration nanoparticles exhibit strong 
antimicrobial activity, outperforming antibiotics in 
some cases.Low concentration shows moderate 
activity, confirming dose dependency. These results 
suggest that Abrus precatorius-derived ZnO 
nanoparticles could serve as promising antimicrobial 
agents, especially against antibiotic-resistant strains. 
 
DISCUSSION 
The zinc oxide nanoparticles synthesized from the 
Abrus precatorius plant were subjected to both 
antimicrobial and antioxidant analyses to evaluate 
their biological potential. For toxicity and 
developmental assessments, zebrafish embryos were 
carefully transferred into either 96-well plates or Petri 
dishes, with each well typically containing between 5 
and 10 embryos. This setup ensures consistent 
exposure conditions and allows for controlled 
observation throughout the experiment. 19 Once 
arranged, the plates or dishes were placed inside an 
incubator maintained at 28.5°C—an optimal 
temperature that supports healthy and uniform 
zebrafish embryonic development. To determine the 
antimicrobial activity of the plant-derived 
nanoparticles, agar plates were prepared and 
inoculated with the test microorganisms. After 
incubation with the nanoparticles, the clear zones 
surrounding the bacterial colonies—known as zones 
of inhibition—were measured using a caliper or ruler. 
Larger zones indicate stronger antibacterial effects, 
allowing researchers to compare the efficacy of the 
nanoparticles across different concentrations.20 For the 
antioxidant assay, a microplate reader was employed 
to record absorbance or fluorescence values, 
depending on the specific test used. This instrument 
provides precise quantitative measurements, enabling 
the evaluation of the nanoparticles’ free radical–
scavenging capacity. By comparing these readings 
with those of the control and standard antioxidant 
compounds, researchers can determine the relative 
strength of the nanoparticles’ antioxidant activity.21 
When embryos that have been exposed to 

nanoparticles exhibit hatching rates and 
developmental patterns that are comparable to, or even 
better than, those seen in the unexposed control group, 
it generally indicates that the nanoparticles do not 
exert harmful effects under the specific experimental 
conditions. Such outcomes suggest a low level of 
toxicity and imply that the particles are relatively safe 
within the tested concentration range and exposure 
period.22 In contrast, if the treated embryos display a 
noticeable decline in hatching success or begin to 
show signs of developmental irregularities—such as 
delayed growth, malformed structures, or abnormal 
behavior—these findings would point toward possible 
toxic effects. Observing these kinds of adverse 
responses would necessitate more detailed follow-up 
studies to determine the underlying mechanisms of 
toxicity, the dose–response relationship, and whether 
particular nanoparticle characteristics (e.g., size, 
coating, composition) contribute to the harmful 
outcomes.23 
This type of assay provides an effective preliminary 
screening tool for evaluating the biological safety of 
nanoparticles. Zebrafish embryos are particularly 
valuable for this purpose because they develop 
rapidly, are transparent, and share a significant portion 
of their genetic pathways and developmental biology 
with humans. As a result, alterations observed in 
zebrafish development can offer meaningful insight 
into how similar exposures might affect human tissues 
or organ systems. Ultimately, using zebrafish embryos 
helps researchers identify potential hazards early in the 
testing process and better predict the risks that 
engineered nanoparticles may pose to human health 
and the environment.24 The findings showed that the 
highest concentration of nanoparticles generated the 
most pronounced antibacterial activity, which was 
clearly visible through the large zones of inhibition 
surrounding the bacterial colonies on the agar plates. 
These wide clear zones indicate that the nanoparticles 
were highly effective at suppressing bacterial growth 
when present in greater amounts. In comparison, the 
lower nanoparticle concentration also displayed 
inhibitory effects, but the corresponding zones were 
noticeably smaller, demonstrating a reduced—yet still 
measurable—level of antibacterial action. The 
negative control, consisting only of DMSO, did not 
produce any inhibition zones, confirming that the 
solvent itself lacked antibacterial properties. This 
outcome verifies that the antimicrobial effects 
observed in the experimental groups resulted solely 
from the nanoparticles rather than from external 
factors or experimental artifacts. Upon evaluation 
against the positive controls, which included the 
standard antibiotics erythromycin and amoxicillin, the 
nanoparticles at high concentration produced 
inhibition zones that were comparable to, and in some 
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cases exceeded, those of the commercial antibiotics. 
This comparison highlights the strong antibacterial 
potential of the nanoparticles and suggests that they 
may serve as a viable alternative or complementary 
agent to conventional antimicrobial treatments.25 The 
findings revealed that the sample produced fewer free 
radicals than vitamin E, yet it demonstrated a level of 
free radical–scavenging activity that was generally 
comparable to that of the control group. The control 
group likely consisted of a baseline solution—such as 
a solvent or buffer—that served as a reference point 
for assessing the antioxidant responses of both the 
sample and vitamin E. Because the sample’s 
scavenging capability closely resembled that of the 
control, the results suggest that although the sample 
possesses some antioxidant potential, its activity is 
considerably weaker than the well-recognized 
antioxidant strength of vitamin E. In broader terms, the 
overall analysis indicates that the sample shows only a 
modest ability to neutralize free radicals. Its activity 
was neither significantly enhanced nor significantly 
diminished relative to the control, implying that its 
antioxidant effect is mild and possibly insufficient for 
applications requiring strong radical-scavenging 
properties. This outcome suggests that additional 
refinement—such as altering concentration, adjusting 
formulation, or modifying preparation methods—may 
be necessary to improve the sample’s antioxidant 
performance. In contrast, vitamin E exhibited a 
distinctly stronger response, reaffirming its 
established role as a powerful antioxidant and making 
it a reliable point of comparison in such assays. Its 
superior activity underscores the benchmark standard 
it provides when evaluating the effectiveness of new 
or experimental compounds. Overall, while the sample 
shows some promise, further investigation and 
optimization would be essential to fully understand 
and enhance its potential as an antioxidant agent.25,26 
In the future, this research will focus on evaluating the 
safety, efficacy, and optimal dosing of the sample in 
human clinical trials, alongside further validating its 
antioxidant and anti-inflammatory properties in 
animal models. These trials will help assess the 
potential of the sample as a therapeutic agent, while 
providing valuable insights into its long-term effects 
on human health. Additionally, mechanistic studies 
will be conducted to explore how the sample 
modulates key biological pathways, such as those 
involved in oxidative stress and inflammation.27 
Another promising area for future research involves 
investigating the possibility of combining the sample 
with existing chemotherapeutic drugs to explore 
potential synergistic benefits, which could improve 
treatment outcomes for a range of diseases. Another 
critical area of future research is the identification and 
manufacturing of specific bioactive chemicals within 

the sample that contribute to its antioxidant and anti-
inflammatory effects. By isolating and characterizing 
these active compounds, researchers can better 
understand their mechanisms of action and potentially 
enhance their therapeutic applications. Furthermore, 
expanding the research to include other forms of 
oxidative stress and inflammatory diseases will 
broaden the scope of the study and help determine the 
applicability of the sample in a variety of medical 
conditions, offering potential new treatment options in 
the future.5 However, there are some important 
limitations to consider as the research progresses. For 
instance, the results obtained from in vitro 
experiments may not always translate perfectly to in 
vivo settings, as biological systems in living 
organisms are more complex. Additionally, there is a 
need to address potential issues related to 
pharmacokinetics and bioavailability in humans, as the 
effectiveness of the compound can vary depending on 
how it is absorbed, distributed, metabolized, and 
excreted in the body. A thorough evaluation of 
possible adverse effects and toxicity will also be 
necessary to ensure the safety of the compound for 
human use. Finally, efforts to enhance the antioxidant 
properties of the sample could involve adding 
secondary metabolites or other compounds that may 
increase its efficacy, providing a more robust 
therapeutic agent. The incorporation of these 
nanoparticles into various delivery platforms enhances 
their application scope in regenerative medicine, 
wound care, and oral health. 5,28By using a 
combination of polymers and specialized delivery 
methods, these nanoparticles can potentially 
revolutionize the way we approach tissue healing, 
infection prevention, and even cancer therapy. Their 
unique properties offer a promising future for 
developing biocompatible, multifunctional 
nanomedicines with a broad range of applications in 
both clinical and dental settings.29 
 
CONCLUSION  
Zinc oxide nanoparticles synthesized using Abrus 
precatorius extract exhibited significant antioxidant, 
antimicrobial, and low-toxicity properties, 
demonstrating effective activity against both Gram-
positive and Gram-negative bacteria while remaining 
biocompatible in zebrafish embryos; their free radical 
scavenging ability further supports their role in 
managing oxidative stress and enhancing therapeutic 
efficacy, and collectively, these findings highlight 
their promising potential for applications in wound 
healing, infection control, and broader biomedical 
fields, with additional scope for integration into 
anticancer therapies and advanced dental materials. 
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