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The present study focuses on the green synthesis of zinc oxide (ZnO) nanoparticles using an aqueous extract of the seagrass Syringodium 

isoetifolium, along with their physico-chemical characterization and assessment of antioxidant, antibiofilm, and cytotoxic properties. 

Preliminary characterization of the S. isoetifolium-mediated zinc oxide nanoparticles (SI-ZnO NPs) using UV-Vis spectroscopy showed 

maximum absorption at 374 nm. FTIR and XRD spectroscopy analysis evidenced the promising functional groups and crystalline structure 

associated with ZnO nanoparticles. The SEM images showed irregularly shaped cubic crystals with grain size of 67.24 nm. Antioxidant 

assay results affirmed that SI-ZnO NPs strongly neutralized DPPH radicals in a dose-dependent manner (22% to 74%). Biofilm inhibitory 

activity revealed that SI-ZnO NPs prodigiously impaired (12 to 84%) biofilm formation by the oral pathogen Candida albicans. Confocal 

laser scanning microscopic visuals emphasized that SI-ZnO NPs reduced viability and distorted the C. albicans biofilm architecture. 

Artemia cytotoxicity assays revealed that SI-ZnO NPs exhibited an LC50 value of 62.48 µg/mL, while the hemolytic analysis confirmed 

their biosafety profile. The significant biomedical properties and biocompatibility of SI-ZnO NPs will pave the way for their effective 

utilization in pharmacology and healthcare settings. 
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INTRODUCTION 

 Nanotechnology enables precise control of materials at 

the atomic and molecular levels, enhancing properties like 

conductivity, wettability and light interaction [1,2]. These 

improved properties yield superior functionality compared to 

their larger-scale counterparts. Conventional physical and 

chemical approaches for nanoparticle synthesis present seve-

ral limitations. Chemical methods typically involve hazar-

dous reagents and organic solvents, raising concerns about 

environmental contamination and potential risks to human 

health. Similarly, physical techniques require substantial 

energy input and elevated temperatures, contributing to 

environmental stress. However, nanoparticles synthesized 

through these routes often exhibit poor biocompatibility, 

thereby restricting their applicability in biomedical fields 

[3,4]. Considering the negative impacts of conventional 

methods, green nanoparticle synthesis has emerged as a 

promising alternative, wherein biological materials such as 
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extracts/supernatants from plants, bacteria, fungi and agricul-

tural wastes were used to synthesize nanoparticles [6]. Bioge-

nic nanoparticles offer significant advantages by eliminating 

the need for toxic chemicals and high energy inputs. They are 

sustainable, eco-friendly, biocompatible and well-suited for 

therapeutic applications [6]. 

 Oral diseases are among the most prevalent diseases 

globally, exerting significant health and economic challenges 

that drastically impair the quality of life for affected indivi-

duals. The most widespread oral health issues worldwide are 

dental caries, periodontal disease, tooth loss and lip cancers 

[7]. Dental caries, also referred to as cavities or tooth decay, 

can result in severe discomfort and eventual tooth loss if not 

addressed.  The consequences of this disease extend beyond 

the faciomaxillary region, impacting an individual’s general 

health [8]. In general, oral cavities provide a conducive envi-

ronment for the entry of both bacterial (Streptococcus spp., 

Porphyromonas spp., Propionibacterium spp. and Velionella 

spp.) and fungal (Candida spp.) pathogens that are involved 
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in caries formation [9,10]. Amongst these, Candida albicans 

is a notable fungal pathogen known for its virulence and 

ability to form biofilms. It enters through oral mucosa and 

adheres to biotic and abiotic surfaces, such as dental prosthe-

ses. The complex 3D biofilm structure of C. albicans protects 

it from antifungal agents, making it more challenging to treat. 

This further exacerbates systemic diseases and results in 

nosocomial infections. Currently, the antibiotics and synthe-

tic antioxidants used to mitigate candidal infections and reac-

tive oxygen species (ROS) were found to cause severe side 

effects such as allergic reactions, gastrointestinal issues, 

hormonal defects and interference with medications [11,12]. 

In this context, developing nanoantibiotics (nAbts) utilizing 

engineered nanoparticles presents a viable and sustainable 

way to address drug resistance [13]. Their smaller size enhan-

ces bacterial interaction, circumvents cellular barriers and 

improves drug delivery and treatment efficacy at lower doses 

[14]. Similarly, metal oxide-based nanoantioxidants were 

found to reduce oxidative stress-related diseases. 

 Considering green nanoparticle synthesis, plants are 

often preferred rather than microbes due to their rich phyto-

constituents, such as polyphenols, flavonoids, alkaloids, etc. 

which serve as reducing and stabilizing agents during nano-

particle formation [15,16]. Besides the terrestrial medicinal 

plants, marine plants such as seagrass, seaweeds and mangro-

ves were considered untapped reservoirs and promising 

candidates for the green fabrication of metallic nanoparticles 

[17,18]. Marine seagrass is one of the most promising flowe-

ring plants in shallow ocean regions. These underwater 

meadows play a crucial role in the coastal ecosystem; they 

provide a habitat for diverse aquatic organisms and improve 

water quality by stabilizing the sediments [19]. In particular, 

the nanoparticles synthesized through biological routes are 

being developed as antimicrobial agents in wound healing, as 

targeted drug delivery systems for cancer treatment, impro-

ving tissue regeneration, diagnostic imaging and in vivo models 

substantiated appreciable control in blood glucose level and lipid 

profile [16]. Recently, researchers explored the biological 

activities of nanoparticles derived from various seagrass 

species as these species are the rich sources of nutrients and 

bioactive compounds. Recently, Ameen et al. [20] highlight-

ted bioactive compounds isolated from seagrass species 

exhibited striking antibacterial activity against MRSA, anti-

HIV activity, antioxidant, antiviral, skin-regenerating, anti-

larval and antifeedant activities. Furthermore, Ahila et al. 

[21] evidenced that polysaccharides and proteins extracted 

from seagrass Syringodium iosetifolium-mediated silver NPs 

had superior antibacterial properties. Thinh et al. [22] studied 

the formation of NPs using pectin from Enhalus acoroides. 

More recently, Narayanan et al. [23] and Sundar et al. [24] 

demonstrated the promising antibacterial, antibiofilm, anti-

oxidant, cytotoxic and dye-degradative properties of TiO2 NPs 

produced using S. iosetifolium and Cymodocea serrulata.  

 Although many studies explored the silver and titanium 

metal-based nanoparticles from seagrass, only a countable 

number of reports are available on ZnO NPs from seagrass. 

Viewing the biomedical properties of nanoparticles derived 

from seagrass, this study explores the fabrication of ZnO 

nanoparticles using seagrass Syringodium isoetifolium. Further, 

it highlights its promising antioxidant, biofilm inhibitory, 

cytotoxic and hemolytic properties. 

EXPERIMENTAL 

 All chemicals used were of analytical grade and used 

without further purification. Zinc acetate dihydrate 

(Zn(CH3COO)2·2H2O) was used as zinc precursor (Loba 

Chemie, India) and deionized water were used throughout the 

process. 

 UV-Vis spectrophotometry was used to measure the 

optical absorbance of SI-ZnO NPs, covering a range from 

200 to 800 nm. The biomolecules associated with the SI-ZnO 

NPs were identified with FTIR spectrophotometer (Perkin-

Elmer Spectrum 400) within the spectral range of 4000-700 

cm–1. The crystalline structure of SI-ZnO NPs was analyzed 

by X-ray diffraction (XRD) over a 2 range of 20º-80º. For 

scanning electron microscopy (SEM), the nanoparticle 

powder was mounted on carbon tape, gold-coated and exa-

mined under high vacuum in secondary electron mode at an 

accelerating voltage of up to 30 kV. Elemental composition 

was assessed using energy-dispersive X-ray spectroscopy 

(EDX). 

 Synthesis of ZnO nanoparticles: For this study, seag-

rass Syringodium isoetifolium was harvested from the coastal 

area of Kanyakumari (8.0847º N, 77.5486º E), India. After 

collection, the plant was cleaned to eliminate any attached 

organisms, air-dried and ground into a fine powder. Then, 5 

g of S. isoetifolium powder was boiled in 100 mL of Milli Q 

water at 60 ºC for 30 min and filtered using Whatman No. 1 

filter paper. A 0.01 M solution of Zn(CH3COO)2·2H2O was 

then mixed with 50 mL of S. isoetifolium extract and kept in 

a water bath for 3 to 5 h at 70 ºC, with continuous stirring. 

The resulting light white sediment was separated by spinning 

at 4000 rpm for 10 min and dried at 100 ºC overnight. Finally, 

the dried material was calcined (400-450 ºC) for 4 h to obtain 

SI-ZnO NPs in powder form.  

 Antioxidant evaluation: A DPPH assay was performed 

to determine the antioxidant potential of SI-ZnO NPs. For 

this, varying the concentrations of (25 to 100 g/mL) of S. 

isoetifolium extract-mediated ZnO nanoparticles were mixed 

with 1 mL of 0.1 mM DPPH dissolved in methanol and 450 

L of 50 mM Tris-HCl buffer (pH 7.4) and then incubated 

for 30 min. The decrease in DPPH free radicals was measured 

based on the absorbance at 517 nm. Ascorbic acid was used 

as a reference [25] and the inhibition percentage was calcu-

lated. 

 Biofilm inhibition assay: In brief, 100 L of overnight 

cultured C. albicans (MTCC183) was collected and adjusted 

to McFarland standard (1 × 108 cell/mL) using yeast malt 

broth and seeded in 96-multiwell plates. Then, different con-

centrations of SI-ZnO NPs (10 to 320 g/mL) were added 

and incubated for 24 h at 37 ºC. After incubation, the biofilm 

inhibition (%) was determined by crystal violet using an 

ELISA reader [26]. 

 Antibiofilm study: In the antibiofilm assay, C. albicans 

was allowed to form a biofilm on sterilized glass slides. 

These slides were then exposed to different concentrations of 

SI-ZnO NPs (160 and 320 g/mL) and incubated at 37 ºC for 
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24 h. A control slide without the SI-ZnO NPs was also prepa-

red. After the specified time interval, the slides were washed 

and stained with 0.1% acridine orange for examination under 

a Confocal Laser Scanning Microscope (CLSM) [26]. 

 Artemia cytotoxicity: The cytotoxicity of SI-ZnO NPs 

was determined using Artemia salina nauplii as a model orga-

nism. Briefly, varying concentrations (50 to 200 g/mL) of 

SI-ZnO NPs were prepared in filtered seawater and trans-

ferred individually into a 24-multiwell plate. Subsequently, 

10 A. salina (IVth instar stage) nauplii were introduced into 

each well-containing SI-ZnO NPs. A control well was main-

tained with seawater lacking SI-ZnO NPs and incubated for 

24 h at 27 ºC. After the experimental duration, the number of 

live (%) and dead (%) nauplii was visually counted based on 

the movement and LC50 was calculated [21]. 

 Hemolytic activity: The biocompatibility of the SI-ZnO 

NPs was determined by assessing its hemolytic property. In 

short, the blood samples were collected from volunteers and 

its coagulating activity was inhibited using 2.7% EDTA. The 

erythrocytes were prepared as a suspension by following 

Prakash et al. [25] method. About 0.1 mL of erythrocyte sus-

pension was transferred to 96 multi-well plates, followed by 

varying concentrations (50 to 200 g/mL) of SI-ZnO NPs and 

incubated for 1 h at 37 ºC. The entire content was centrifuged 

at 2000 rpm for 10 min. Thereafter, OD was read at 540 nm 

and the hemolysis (%) was calculated. 

 Statistical analysis: The results were subjected to mean 

± SD and subsequently to One-Way ANOVA and further 

post hoc multiple comparisons using the SNK and Dunnett 

test with significant levels (p < 0.05). 

RESULTS AND DISCUSSION 

 UV-visible studies: The production of ZnO NPs by S. 

isoetifolium was preliminarily confirmed through UV spec-

troscopy, with a unique absorption peak at 374 nm, attributed 

to the formation of surface plasmon resonance (SPR) (Fig. 

1). This observation closely aligns with previous reports utili-

zing Spirogyra hyalina [27] and Cymodocea serrulata [28] 

extracts for the formation of ZnO NPs. The UV-Vis absorp- 

tion peaks observed between 300–400 nm are the charac- 

 

 
Fig. 1. UV-Vis of SI-ZnO NPs biosynthesized by S. isoetifolium 

teristic of ZnO nanoparticles indicating a narrow particle size 

distribution and confirming their nanoscale dimensions [29]. 

 FTIR studies: FTIR was utilized to analyze the bioac-

tive compounds attached to the nanoparticles surface (Fig. 2). 

This analysis explores the types of functional groups within 

the extract of S. isoetifolium, which are involved in the stabi-

lization of ZnO NPs. The spectral analysis revealed that the 

functional groups associated with nanoparticles were obser-

ved at 3782.62 and 3638.27 cm–1 indicated hydroxyl groups 

(O–H) involved in hydrogen bonding. A peak at 2349.19  

cm–1 suggested the presence of an alkyne group characterized 

by a CO stretching. The peak at 1410 cm–1 indicated the 

stretching of the sulfate (S=O) group, whereas a small peak 

at 871.11 cm–1 suggested the aromatic bending of the C-H 

group. Finally, the peak observed at 577 cm–1 confirmed the 

presence of ZnO nanoparticles, corresponding to the Zn–O 

stretching vibration and indicating the incorporation of ZnO. 

These groups formed the layered structures on the surface of 

nanoparticles, playing a crucial role in stabilizing these nano-

particles. Similar types of functional groups associated with 

ZnO NPs were reported from Chrysopogon zizganioides [30]. 

 

 
 

Fig. 2. FT-IR of SI-ZnO NPs biosynthesized by S. isoetifolium 
 

 XRD studies: The X-ray diffraction (XRD) pattern (Fig. 

3) inferred that SI-ZnO NPs exhibited peaks at 34.23º, 35.12º, 

38.35º, 48.72º, 56.23º, 64.51º and 69.11º correspond to the 

crystallographic planes (hkl) of ZnO NPs as per the reference 

data from the JCPDS file No. 079-2205. Specifically, the 

peaks are associated with the following crystallographic 

planes: (010), (002), (011), (012), (110), (013) and (020). The 

average grain size of SI-ZnO NPs was found to be 67.24 nm. 

In conformity with the present study, plants such as A. indica, 

H. rosasinensis, M. koenig, M. oleifera and T. indica also de-

monstrated high crystallinity same type of diffraction angles 

[31]. Similar results were observed by the ZnO nanoparticles 

from green algae Spirogyra hyaline extract [27]. This indi-

cates that SI mediated ZnO NPs synthesis yielded a phase-

pure product free from the additional phase impurities. 

Further, the sharp and well-defined peaks substantiated the 

crystalline nature of the synthesized ZnO nanoparticles. 
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Fig. 3. XRD of SI-ZnO NPs biosynthesized by S. isoetifolium 

 

 Morphological studies: The ZnO nanoparticles derived 

from seagrass S. isoetifolium subjected to SEM study inferred 

that particles appeared as granular, irregularly shaped cubic 

crystals with rough surfaces (Fig. 4a). The elemental compo-

sition of the nanoparticles was analyzed using EDX analysis. 

The EDX spectrum (Fig. 4b), particularly within the energy 

range of 0.96 to 9.5 keV, displayed characteristic peaks corre-

sponding to zinc, confirming the presence of ZnO nanopar-

ticles.. In the EDX spectrum, Zn (40.5%) and O (30.8%) were 

predominantly detected. Subsequently, other elements such 

as carbon (19.7%) and calcium (9%) were recorded, likely 

originating from the seagrass S. isoetifolium. The morpholo-

gical characteristics observed in the present study are in 

agreement with those reported for zinc oxide nanoparticles 

synthesized using Cymodocea serrulata, which exhibited 

irregular, cubic and rough-surfaced crystalline structures 

[30]. Similarly, green synthesis approaches employing 

Atalantia monophylla and Costus igneus leaf extracts have 

yielded ZnO nanoparticles with average crystalline sizes of 

approximately 30 nm [32,33]. 

 

 Antioxidant activity: The antioxidant activity of the SI-

ZnO NPs was evaluated using the DPPH method. The assay 

was performed by varying the concentrations (25-100 

g/mL) to gauge the green-synthesized ZnO NPs effective-

ness in mitigating oxidative damage. At the lowest concen-

tration (25 g/mL), the SI-ZnO NPs showed 23.5% radical 

scavenging activity, slightly lower than the standard ascorbic 

acid (27.5%). However, at a higher concentration (100 

g/mL), the SI-ZnO NPs achieved 64.6% and ascorbic acid 

with 76.7%, respectively. The enhanced radical scavenging 

property of the SI-ZnO NPs in trapping radicals could be due 

to phytoconstituents within specific extracts (Fig. 5). This 

signifies that biosynthesized SI-ZnO NPs efficiently neutral-

lized the free radicals, implying their ability to alleviate 

oxidative stress and thus suggesting that it could be a signi-

ficant alternative to chemical antioxidants and further empha-

sizing the potential of the ZnO NPs in safeguarding biolo-

gical systems from cellular oxidation. 

 

 
Fig. 5. DPPH radical scavenging activity of ascorbic acid and SI-ZnO NPs 

biosynthesized by S. isoetifolium 

 
 Biofilm inhibition: C. albicans is typically a part of the 

normal microbiota, existing harmlessly in various human 

body parts, such as the gastrointestinal tract, reproductive 

system, oral cavity and skin, without causing symptoms. 

 
Fig. 4. FE-SEM (a) and EDX (b) spectra of SI-ZnO NPs biosynthesized by S. isoetifolium 
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However, it is well-recognized for its ability to shift from a 

commensal organism to a pathogenic condition, resulting in 

various oral diseases such as dental caries, periodontal disea-

ses and oral carcinoma [34]. Its interaction with oral micro-

biota results in polymicrobial biofilms, potentially elevating 

virulence. Also, these biofilms serve as a protective barrier, 

making them more resistant to therapeutic interventions [35]. 

For instance, Sateriale et al. [36] and Mauramo et al. [37] repo-

rted that bacteria in oral biofilms exhibited anti-biotic tolerance 

and resistance to the host’s immune response. To combat this 

problem, researchers have focused on developing nanoparticle 

based implant coatings to ward off infection. Herein, the 

res*-ults of the biofilm inhibitory assay implied that SI-ZnO 

NPs significantly (p < 0.05) impeded biofilm formation, with 

inhibition increasing steadily as the concentrations increased 

to 10 g/mL (12%), 20 g/mL (24%), 40 g/mL (41%), 80 

g/mL (58%), 160 g/mL (67%) and 320 g/mL (84%) (Fig. 6). 

 

 
Fig. 6. Biofilm inhibitory activity (%) of SI-ZnONPs biosynthesized by S. 

isoetifolium. The mean ± SD of triplicates indicates a significant 

percentage of biofilm inhibition of C. albicans in different concen-

trations of SI-ZnO NPs (One-way ANOVA, Dunnett test, *p < 
0.05) 

 

 Confocal Laser Scanning Microscopy (CLSM) analysis 

revealed a significant reduction in C. albicans biofilm forma-

tion on the glass substrate following treatment with SI-ZnO 

NPs at concentrations of 160 and 320 g/mL (Fig. 7), thereby 

confirming their potent antibiofilm activity. Previously, Jalal 

et al. [38] revealed that ZnO NPs synthesized through a bio-

genic method had effectively curtailed biofilm formation by 

C. albicans up to 85% at 250 g/mL. The potential of ZnO 

NPs to combat C. albicans biofilm has yet to be investigated. 

However, previous research opined that nanoparticles inhibit 

C. albicans biofilm formation by impeding exopolysaccha-

ride disruption and quorum sensing. As discussed earlier, 

biofilms formed by C. albicans exhibit a natural resistance to 

standard antifungal treatments, immune responses from the 

host and various environmental disturbances, presenting a 

significant challenge in clinical settings [39]. Therefore, 

incorporating SI-ZnO NPs into implant coatings can signi-

ficantly inhibit colonization and biofilm formation by C. 

albicans and lower the risk of contact infection. Studies have 

also demonstrated that coating ZnO on 316L implants signi-

ficantly improved biocompatibility and osseointegration, 

pivotal for successful orthopaedic applications [40]. 

 Cytotoxicity activity: The artemia cytotoxicity results 

indicated that SI-ZnO NPs showed a dose-dependent rise in 

the mortality of A. salina. At the lowest concentration tested 

(50 g/mL), no mortality (0%) was observed. However, 

mortality increased with concentration, reaching 13% at 75 

g/mL, 30% at 100 g/mL, 47% at 125 g/mL, and 67% at 

150 g/mL. A marked increase was observed at 175 g/mL 

with 83% mortality, culminating in complete mortality 

(100%) at 200 g/mL. The calculated LC50 value was 62.48 

g/mL (Fig. 8). In concordance with the results of the present 

study, Bhuvaneshwari et al. [41] and Casiano-Muñiz [42] 

studied the effect of ZnO NPs on A. salina and showed LC50 

values of 71.63 g/mL and 86.95 g/mL, respectively. The 

significant variation in cytotoxicity may be attributed to 

differences in nanoparticle size. Studies indicate that the 

mortality rate (%) of A. salina changes according to the 

nanoparticle size. For instance, nanoparticles ranged between 

10 and 30 nm show higher mortality than larger nanoparticles 

(200 nm). Also, a significant mortality (%) variation was 

observed between nanoparticles of similar sizes [43]. 

 Hemolytic studies: Investigating the hemolytic proper-

ties of nanoparticles and bioactive compounds is a bench-

mark for assessing their toxicity, as it involves spectropho-

tometric quantification of the lysed RBCs. Accordingly, in 

present study, the hemolytic activity of SI-ZnO NPs was 

studied in a dose-dependent manner (Fig. 9). It was observed  

 

 

Fig. 7. Antibiofilm activity of SI-ZnO NPs against C. albicans [(a) control; (b) 160 µg/mL; (c) 320 µg/mL] 
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Fig. 8. Artemia cytotoxicity of SI-ZnO NPs. Each set of bars implies diffe-

rent concentrations of SI-ZnO NPs (a-d) with different superscript 

letters are statistically significant (One-Way ANOVA test; p < 0.05, 

further, the post hoc multiple comparisons with SNK test) 

 

 
Fig. 6. Hemolytic activity of SI-ZnO NPs. Each set of bars implies differ-

rent concentrations of SI-ZnO NPs (a-g) with different superscript 
letters are statistically significant (One-Way ANOVA test; p < 0.05, 

further, the post hoc multiple comparisons with SNK test) 

 

that at 25 g/mL concentration, the percentage of hemolysis 

was 10%, but further increase in concentrations showed a pro-

gressive rise in hemolysis (50 g/mL - 16%, 100 g/mL - 23%, 

125 g/mL - 28%, 150 µg/mL - 35%) and reached a maximum 

of 39% hemolysis at 200 g/mL. These results indicate that the 

higher concentration (200 g/mL) of SI-ZnO NPs showed > 

61% viability of RBCs. Preedia Babu et al. [44] also investi-

gated the effect of different sizes (< 50 nm, 50-100 nm and > 

100 nm) of ZnO NPs on hemolysis and inferred that ZnO NPs 

smaller than 50 nm exhibited greater hemolytic activity, with 

only 60% RBCs viability, while large-sized ZnO NPs recorded 

much lower hemolytic activity with < 80% (50-100 nm) and 

< 90% (> 100 nm) RBCs viability, respectively. This finding 

aligns with the current study, which implied that SI-ZnO NPs 

(67.24 nm) were non/less-toxic. Also, validating the findings 

of present study, Chen et al. [45] reported that smaller nano-

particles exert more toxicity than larger particles, as smaller 

nanoparticles can easily pass through the RBCs membrane due 

to their higher surface-to-volume ratio and thereby strongly 

interact with biomolecules, triggering reactive oxygen species 

and results in oxidative stress.  

Conclusion 

 In this research, zinc oxide nanoparticles were synthesi-

zed using the seagrass Syringodium isoetifolium. The change 

in the colour of the solution from brownish yellow to pale white 

confirms the synthesis of S. isoetifolium mediated ZnO NPs. 

The biosynthesized SI-ZnO NPs were crystalline, granular and 

irregularly shaped cubic crystals. In vitro antioxidant activity 

through DPPH radicals suggested that SI-ZnO NPs could 

efficiently neutralize free radicals, thereby validating their 

appreciable antioxidant activity. Biofilm inhibitory activity 

and CLSM visuals manifested that SI-ZnO NPs distorted the 

structural integrity of the C. albicans biofilms and also exerted 

cytotoxicity against A. salina nauplii. Hemolysis assay results 

underscore the biosafety of the ZnO NPs for further investi-

gation. The promising antioxidant, antibiofilm and cytotoxic 

properties of SI-ZnO NPs observed in the present study proved 

it to be a viable solution for therapeutic applications. However, 

further in vivo studies and an understanding of the mechan-

ism of action of SI-ZnO NPs could open new avenues for their 

utilization in biomedicine. 
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