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Abstract
Background. Considering the significant interest in the use of biosynthesized 

silver nanoparticles (AgNPs) obtained from plant extracts.
Purpose. The study is aimed to utilize the ethanolic extract of Maranta leuco-

neura as a reducing agent to form AgNPs, and evaluate its biological potential effect.
Materials and methods. The plant was extracted using 70% ethanol to 

create silver nanoparticles.The synthesis of AgNPs was initially confirmed by 
surface plasmon resonance at 400 nm, facilitated by biologically active com-
pounds that contributed to reduction, capping, and stabilization, as evidenced 
by FTIR analysis, while zeta potential analysis indicated good stability at -37.1 
mV. The fabricated AgNPs microscopic study revealed spherical particles of 
average sizes 39.9 nm, whereas XRD analysis indicated a face-centred cubic 
(FCC) crystalline nature.

Results and discussion. The antibacterial efficacy of AgNPs against tested 
isolates indicated that Staphylococcus epidermidis and Proteus mirabilis exhibited 
the highest sensitivity to silver nanoparticles, with an average inhibition zone mea-
suring 14.4 mm. The results of the antioxidant activity demonstrated comparable 
radical scavenging to ascorbic acid, depending on the concentration. The evaluation 
of cytotoxicity against cancer SiHa cell line and normal HdFn cell line, revealed 
a concentration-dependent effect and potential anticancer impact, with an IC50 of 
17.49 and 125 μg/ml for SiHa and HdFn respectively. 

Conclusion. Nanoparticles produced from Maranta leuconeura leaf extract may 
be significant in medicinal applications owing to their distinctive features.

Keywords: AgNPs; Maranta leuconeura; antibacterial activity; SiHa; antiox-
idant activity
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Introduction
The characteristics of nanoparticles (NPs), when contrasted with their bulk 

counterparts, confer significant importance upon them. According to [1], nano-
materials display many features, such as biological, magnetic, catalytic, and 
optical properties [1]. The main techniques for synthesizing nanoparticles are 
chemical, physical, and biological processes. Chemophysical approaches may 
result in energy waste and health issues, whereas the biological (green synthe-
sis) approach is more economical, environmentally friendly, and safer for indi-
viduals [2]. In this method, nanoparticles were synthesized by bacteria, fungi, 
algae, and plants extracts [3]. 

Green synthesis, utilizing plant extracts, is favoured for its cost-effective-
ness, accessibility, efficacy, and flexibility to use of different part of plants 
including, leaf, flower, fruit, root, stem, bark, seed, nut. Plants include many 
metabolites, including terpenoids, flavonoids, steroids, tannins, proteins, and 
starches, which encompass multiple functional groups and are capable of the 
reduction and prevent aggregation of NPs. Furthermore, nanoparticles synthe-
sized using plant extract exhibit lower cytotoxicity [4].

Among metallic nanoparticles, AgNPs are recognized for their biological ap-
plication including, antimicrobial, antioxidant, and anticancer properties [5]. Due 
to the increasing concern of antibiotic resistance, many researchers have turned 
their attention to silver nanoparticles because of their long-lasting antimicrobi-
al effect on multidrug-resistant bacteria [6; 7]. Due to the diverse targets of sil-
ver nanoparticles, it is challenging for bacteria to evolve resistance mechanisms 
against them [1; 8]. Silver nanoparticles have gained significant importance as 
possible anticancer treatments due to their specific toxicity targeting cancer cells, 
as they alter cell shape, induce oxidative stress, and thus reduce cell viability [9].

Several research have revealed the medicinal properties of Maranta leu-
coneura, (family: Marantaceae) often known as the prayer plant. The concen-
tration of chemical compounds like rutin in it makes these effects even more 
apparent [10]. Maranta leuconeura has many health benefits, and one of them 
is that it contains bioactive compounds, which boost its medicinal potential. 
To be more specific, rosmarinic acid extracts have garnered a lot of attention 
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because of the promising effects they may have in preventing and treating ill-
nesses including cancer and atherosclerosis [11]. 

This is the first study to examine the ability of Maranta leuconeura ethanolic 
extract to synthesize AgNPs and assess their biological applications, including 
antibacterial efficacy against MDR bacteria, antioxidant activity measured by 
DPPH, and anticancer activity evaluated via MTT method against SiHa and 
HdFn cell lines.

Materials and methods
Preparation of Maranta leuconeura ethanolic leaf extract
The ethanolic leaf extract of Maranta leuconeura was prepared following 

the methodology of Swilam and Nematallah (2022) [12] with some modifica-
tions. The plant leaf was thoroughly rinsed with double distilled water, and then 
allowed to dry at room temperature in the shaded area. Following drying and 
grinding, the ethanolic extract was obtained by macerating 30 g of leaf pow-
der in 1 L of 70% ethanol for 1 day at 30 °C. The extract was filtered through 
Whatman No. 1, then evaporated at 30°C. 

Green synthesis of ML-AgNPs solution
The green synthesized solution of Maranta leuconeura AgNPs (ML-Ag-

NPs), was prepared according to [13], by mixed 225 ml of 1 mM silver nitrate 
solution with 25 ml of 3% ethanolic leaves extract. ML-AgNPs solution were 
purified using centrifugation for 30 minutes at 4000 rpm to remove impurities. 
The pellets were then washed with deionized water, allowed to dry at ambient 
temperature, and then stored at 4°C.

Green synthesized ML-AgNPs characterization techniques
UV–Vis spectrum analysis
The initial conformation of the successful formation of ML-AgNPs was 

performed after color shift by using A UV-Visible spectrophotometer (Thermo, 
Biomate5) at the wave length of 250-800 nm.

Fourier transmission infrared spectroscopy (FTIR) analysis technique
The KBr technique, utilizing FTIR (ALPHA) at a spectral frequency of 4000–

400 cm–¹, was employed for each dried plant extract and ML-AgNPs powder to 
identify the main functional groups responsible for NP reduction and capping.

X-ray diffraction (XRD) analysis of ML-AgNPs
The ML-AgNPs crystalline structures were confirmed by scanning the dif-

fraction pattern with an X-ray diffractometer (PHLIPS, PW1730) from 20°C 
to 80°C in the 2θ range [14]. 
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Zeta potential analyser
The HORIBA SZ-100 nanoparticle analyzer was utilized in this study to 

evaluate the stability of ML-AgNPs and to measure their surface charge. 
FE-SEM and EDX analyses
FESEM (TESCAN, MIRA3) instrument was used for determined the parti-

cle size, and the morphological features of ML-AgNPs. The EDX analysis was 
conducted to identify the types of chemical elements in the ML-AgNPs sample 
and their respective percentages.

Antimicrobial activity of ML-AgNPs 
Multidrug-resistant bacteria (Staphylococcus epidermidis, Staphylococcus au-

reus, Escherichia coli, Shigella flexneri, Pseudomonas aeruginosa, and Proteus 
mirabilis) obtained from Al-Fayha and Al-Sadar Teaching Hospitals in Basrah, 
were used to evaluate ML-AgNPs antimicrobial activity, by agar-well diffusion 
method. According to (Vijapur et al., 2023) [15], with specific modifications, the 
bacterial suspension exhibiting 0.5 McFarland turbidity, spreader on plates with 
Muller-Hinton agar (MHA). Five 6-mm wells were formed. Each plate includ-
ed a sterile cork borer. To obtain ML-AgNPs 500 µg/ml stock solution, 10 mg 
of ML-AgNPs powder was mixed with 20 ml of Dimethyl sulfoxide (DMSO). 
Subsequently, to each well, 100 µl of a two-fold serial dilution was added, with 
DMSO as a control. The plates were incubated at 37°C for 24 hours. The hollow 
zones around wells measured the inhibition of ML-AgNPs in millimeters.

Fig. 1. Schematic of the MIC microtiter plates
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Microdilution assays were conducted in 96-well microtiter plates for the 
minimum inhibitory concentration (MIC), following the CLSI (34th Ed.) pro-
cedure [16]. 2.5 ml of the stock solution (500 µg/ml) diluted with 7.5 ml of 
Muellar-Hinton broth (MHB) to obtain 125 µg/ml. which was used to prepare 
a serial dilution from 125 to 3.9 µg/ml. To each well in rows A to F, 100 µl 
of each concentration was added (Fig. 1). Wells in rows A-G for columns 2-5 
were then treated with 20 µl of each bacterial suspension. In the last step, 100 
µl of MHB was dispensed into the positive and negative control wells located 
in rows G and H respectively. The plate was incubated at 37°C for 24 hours.

To observe color change, 20 µl of purple resazurin dye solution with a con-
centration 0.016% was added and incubated for 2 hours. Color Pink or purple 
indicates bacterial growth, whereas color blue indicates inhibitory concentra-
tion. The MIC value represent the final well in a column without color change. 
By inoculating MHA plates with contents from the MIC well and the well with 
the highest concentration, the MBC was established.

Evaluation of ML-AgNPs cytotoxicity effect
ML-AgNPs were evaluated for cytotoxicity and antitumor efficacy against 

cervical cancer cell line (SiHa) and human dermal fibroblasts, neonatal normal 
cell line (HdFn) by the MTT assay. In 96-well microtiter plates, 1x104 to 1x106 
cells/ml were inoculated with 200 µl of media and incubated for 24 hours at 
37°C. Subsequently, 200 µl of ML-AgNPs various concentration (ranging from 
400 to 25 µg/ml) were added and incubated for two days. Following exposure to 
ML-AgNPs, 10 μl of MTT solution was added to every well and left to incubate 
for four hours. The formazan blue crystals were dissolved by adding 100 μl of 
DMSO to each well after the media was carefully removed. The absorbance 
was measured at 575 nm using the ELISA reader (Bio-Rad, Germany). The 
cytotoxicity test was assessed by calculating the IC50 value, which represents 
the concentration exhibiting 50% inhibitory activity [17].

Antioxidant effect of synthesized ML-AgNPs
Following the methodology of [18], the antioxidant activity of ML-AgNPs 

was assessed using the DPPH method. A total of 500 µL of ML-AgNPs and 
ascorbic acid, diluted twofold serially from 200 to 12.5 µg/ml, was added to 
separate reaction tubes. Concurrently, each concentration was supplemented 
with 3000 µL of a 9:1 v/v mixture of methanol and DMSO, and 300 µL of a 
DPPH solution (0.1 mg/ml). The tubes were gently agitated for a few seconds 
and left in the absence of light for one hour at room temperature. Incubation 
was followed by absorption measurements at 517 nm using ELISA readers. The 
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methanol-DMSO mixture and DPPH solution were used as negative controls, 
while the ascorbic acid used as a reference.

Statistical analysis
Mean ± standard deviation was used for all research data. The antibacterial 

activity result was assessed using a one-way ANOVA analysis in SPSS, version 
22 (IBM Company, Chicago, IL, USA). Significance differences were determined 
at a p-value ≤ 0.05. Graph Pad Prism 10.4.0 was used to analyze anticancer and 
antioxidant findings, whereas Origin Pro 10.15 displayed FTIR and XRD data. 

Result and discussion
Green synthesis of ML-AgNPs solution
In this eco-friendly method, ML-AgNPs were produced by mixing plant ex-

tract with AgNO3 solution. (Fig. 2) demonstrates that after 5 days at room tem-
perature, the reaction solution’s color changes from light brown to dark brown. 
This clearly supports the synthesis of ML-AgNPs. The color change in the silver 
nanoparticle solution was caused by surface plasmon resonance (SPR), which 
proved that the secondary metabolites in the plant extract reduced the silver ions. 
Previous research varied in their assessment of the duration needed for the AgNPs 
solution to change color. Some reported that the initial color change in medici-
nal plants occurred within 1 to 4 hours, while others reported it within 3 days to 
14 days in non-medicinal plants. This discrepancy is due to the the difference in 
concentration of bioactive compound, which are crucial to NPs synthesis [19].

Fig. 2. Color shift of the reaction mixture

Green synthesized ML-AgNPs characterization techniques
UV–Vis spectrum analysis
After the visible color change, the synthesis of ML-AgNPs was confirmed 

using this simple, efficient, and very sensitive method. A single narrow absorp-
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tion peak at 400 nm characterizes the UV-vis absorption spectra of AgNPs, as 
seen in Fig. 3. The SPR absorption band occurs when silver nanoparticles are 
exposed to light waves due to the proximity of their conduction and valence 
bands, facilitating collective electron oscillation in resonance. The absorbance 
is influenced by the chemical environment, nanoparticle dimensions and mor-
phology, dielectric medium, and nanoparticle configuration [20]. The distinctive 
band of spherical AgNPs, according to [21], typically peaks between 400 and 
420 nm. The relationship between SPR absorption band and shape is corrobo-
rated by SEM research on ML-AgNPs. Numerous studies have documented an 
absorption peak between 400 and 450 nm, including [22] study, which identi-
fied the SPR peak at 400 nm. 

Fig. 3. UV-Visible spectrum of biosynthesis ML-AgNPs 

Fourier transmission infrared (FTIR) spectroscopy analysis technique
To determine the plant biomolecule functional groups that reduced silver 

ions into AgNPs, FTIR analysis was performed. Fig. 4 shows the FTIR spectra 
for both the Maranta leuconeura extract and the ML-AgNPs.

The FTIR spectrum of the plant extract shows multiple peaks, with the 
most prominent ones being 3352.2 cm-1 for the stretching of the O−H group in 
alcohols and phenolic compounds, 2976.3 cm-1 for the stretching of the C−H 
group in alkanes, 2897.2 cm-1 for the stretching of the O−H group in alcohol, 
1732.8 cm−1 for the C−H bending of aromatic compounds, and 1644.0 cm−1 for 
the C=C stretching vibrations of the alkene functional groups [23]. The FTIR 
spectrum of the AgNPs was similar to that of the plant extract with slight shift 
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in the positions of peaks as well as the disappearance of other peaks which 
indicates the successful synthesis of silver nanoparticles. The O-H stretching 
vibrations of the phenolic functional and alcoholic groups were identified at 
3436.9 cm-1 as a wide peak. 

Fig. 4. ML-AgNPs with Maranta leuconeura ethanolic leaf extract FTIR spectrum

The alkene functional group’s C=C stretching cause the 1636 cm-1 band. 
The band at 679 cm-1 indicates a link between silver nanoparticles and hydroxyl 
group oxygen [24]. The AgNPs spectrum shows these functional groups, no-
tably in the 1600-1700 cm-1 region, confirming their significance in reducing 
silver ions to silver nanoparticles and producing a coating layer on their surface 
to avoid aggregation [25; 26].

X-ray diffraction (XRD) analysis of ML-AgNPs
The findings validated the sample’s crystalline characteristics and showed 

that the silver had a cubic crystalline structure (Fig. 5), as indicated by reference 
code 96-901-1667. The following 2θ angles showed the principal diffraction 
peaks: 27.9°, 32.3°, 46.4°, 55.0°, 57.8°, 67.5°, 74.4°, and 77.1°. The crystal 
planes (111), (200), (220), (311), (222), (400), (311), and (410), respectively, are 
represented by these peaks. While the larger peaks might suggest some particle 
size fluctuation, the sharpness of these peaks suggests good crystallinity, the 
peak at 2θ of 32.38° seems to be associated with silver oxide, while of 27.99° 
may correspond to the bioorganic compound from Maranta leuconeura leaf 
that act as capping agent of AgNPs [27].
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Fig. 5. XRD pattern of the synthesized ML-AgNPs

Zeta potential analyzer
The zeta potential analyzer was used to measure the surface electrical charge 

to evaluate synthesized nanoparticles stability. Fig. 6 shows that the ML-AgNPs 
surface in the colloidal solution had a negative charge of -37.1 mV (Fig. 6). 

Fig. 6. Green synthesised ML-AgNPs zeta potential analysis
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According to [28], the high stability, as shown by a zeta potential value 
above +30 mV or below −30 mV, is enhanced by particle repulsion. FTIR 
investigations indicate that the hydroxyl functional groups, which stabilize 
AgNPs and inhibit aggregation, can be responsible for the negative electrical 
charge [29].

FE-SEM and EDX analyses 
The particles sizes and shape of silver nanoparticles were revealed by the 

FE-SEM investigation. The biosynthetic ML-AgNPs had an almost homoge-
neous, spherical in shape and an average diameter of 39.9 ± 5.4 nm at 120000 x 
magnification, as shown in (Fig. 7) of the FESEM image. The size distribution 
histogram indicated that the ML-AgNPs size range, approximately between 25 
and 55 nm. This narrow size distribution indicates the efficacy of plant extract 
to produce homogeneous size and shape of ML-AgNPs which is crucial for their 
activities. Researchers vary in their assessment of the size and morphology of 
silver nanoparticles, and this variation is attributable to the experimental con-
ditions and reduction agent [30]. 

Fig. 7. (A) Size distribution histogram of ML-AgNPs (B) FESEM image                                
of biosynthesis ML-AgNPs

The elemental composition of ML-AgNPs was investigated using EDX 
spectroscopy. The presence of silver nano crystallites is confirmed by the spec-
tra’s high signal peak at around 3 keV (Fig. 8), which indicates a silver element 
with a high weight percentage of 71.87% [31]. In contrast, the presence of Cl, 
O, and Ca is indicated by weak signals at 18.55%, 8.54%, and 1.04% weight 
percentages, respectively. These elements might be present because of the sur-
face biomolecules that capped the ML-AgNPs or could be appear as a result 
for preparing sample to analysis by FESEM instrument.
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Fig. 8. EDX spectrum analysis of biosynthesized ML- AgNPs

Antimicrobial activity of ML-AgNPs 
The ability of ML-AgNPs to inhibit six multidrug-resistant pathogenic bac-

teria growth shown in Fig. 9. According to the result presented in Table 1, it was 
clear that S. epidermidis and P. mirabilis were the most significantly sensitive 
isolates to ML-AgNPs with 14.4 mm inhibition zone, while S. aureus was the 
lowest sensitive isolates to silver nanoparticle at 12.8 mm of inhibition zone. 
The highest concentration demonstrated the greatest activity against all tested 
isolates, whereas the lowest effectiveness of AgNPs was observed at 62.5 μg/
ml; this finding is consistent with prior research, including that of [32]. 

Table 1.
Inhibition zones diameter of tested bacterial isolates by various concentrations    

of ML-AgNPs

Bacterial isolates ML-AgNPs Concentration (μg/ml) Total mean500 250 125 62.5
P. aeruginosa 15 ± 0.49 13 ± 0.55 13 ± 0.51 12 ± 0.10 13.4 ± 1.48 a

E. coli 15 ± 0.52 14 ± 0.43 13 ± 0.49 12 ± 0.66 13.8 ± 0.95 a b

P. mirabilis 15 ± 0.55 15 ± 0.51 14 ± 0.10 13 ± 0.49 14.4 ± 0.75 b c

S. flexneri 15 ± 0.60 14 ± 0.10 14 ± 0.15 12 ± 0.55 13.8 ± 0.96 
a b c d

S. aureus 14 ± 0.49 13 ± 0.55 12 ± 0.05 11 ± 0.46 12.8 ± 1.31 a e

S. epidermidis 15 ± 0.60 15 ± 0.15 14 ± 0.51 13 ± 0.60 14.4 ± 0.68 
b c d

Total mean 15 ± 0.64 a 14 ± 0.67 b 13 ± 0.91 c 12 ± 0.95 d 13.7 ± 1.16
- distinct letters indicating significant variations at p ≤0.05
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Fig. 9. Antibacterial activity of ML-AgNPs against MDR-bacteria

Table 2 shows the resazurin-based microtiter dilution technique used to de-
termine these isolates’ MIC and MBC values. The MIC value was 125 µg/ml 
for Gr+ bacterial isolates and 62.5 µg/ml for Gr- bacterial isolates. At 125 µg/
ml, S. aureus, S. epidermidis, and E. coli had the lowest MBC findings, whereas 
P. aeruginosa, P. mirabilis, and S. flexneri recorded the highest MBC values at 
62.5 µg/ml. The thin peptidoglycan layer of Gr- bacteria cell walls facilitate the 
penetration of nanoparticles, even at lower concentrations, hence suppressing 
bacterial growth. This may clarify why their MIC values are lower than those 
of Gr+ bacteria.

Table 2.
MIC and MBC values tested MDR-isolates

MDR bacteria MIC value (µg/ml) MBC value (µg/ml)

Gram-negative 
bacteria

P. aeruginosa 62.5 62.5
E. coli 62.5 125

P. mirabilis 62.5 62.5
S. flexneri 62.5 62.5

Gram-positive 
bacteria

S. aureus 125 125
S. epidermidis 125 125



229Siberian Journal of Life Sciences and Agriculture, Том 17, №2, 2025

The exact process by which silver nanoparticles exert their antibacterial 
effects is still not fully understood. Researchers propose that the binding of 
silver nanoparticles to the plasmic membrane damages selective permeability, 
disrupts respiratory chain enzymes, causes leakage of subcellular components 
or induces oxidative stress by free radical formation [33; 34].

Evaluation of ML-AgNPs cytotoxicity effect
The potential anticancer and cytotoxic effects of ML-AgNPs were shown 

by the MTT assay on the HdFn normal cell line and the SiHa cancer cell line, 
with dosages ranging from 400 to 25 μg/ml. The concentration-dependent inhi-
bition of SiHa and HdFn was seen after 24 hours of exposure to ML-AgNPs, as 
shown in Fig. 10. The IC50 for SiHa was 17.49 μg/ml, while the IC50 for HdFn 
was 125 μg/ml. These significant differences indicate the anticancer potential 
of ML-AgNPs. It was obvious that cancer cells were more susceptible to silver 
nanoparticles than normal cells.

Fig. 10. Cytotoxicity effect of ML-AgNPs 

[35] suggest that NPs sized between 10 and 100 nm exhibit less toxicity to nor-
mal cells while demonstrating significant toxicity to cancer cells. This indicates 
that the diameter of the nanoparticles produced in the present study (39.9 nm), as 
demonstrated by SEM, may have significantly influenced the anticancer effec-
tiveness, or that cancer cells possess an enhanced ability for the cellular uptake 
of AgNPs. The proposed mechanism of action of biosynthesized nanoparticles on 
the cervical cancer line, indicated increased ROS generation, cell morphological 
alterations, and DNA fragmentation that ends in cell death [36]. Several research 
indicated AgNPs anticancer effect on SiHa cell line such as [37] with an IC50 of 
18.25 μg/ml, which is comparable to the current study, while other studies have 
reported different IC50 values including [38] and [39]. This variance may be at-
tributable to cell line type, size, shape and NP surface charge.
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Antioxidant effect of synthesized ML-AgNPs
The activities of ML-AgNPs in scavenging free radicals at various concen-

trations (200, 100, 50, 25 μg/ml) and ascorbic acid as a reference are shown in 
Fig. 11 and Table 3. The antioxidant activity of AgNPs increased with concen-
tration, confirming their scavenging effect. At all concentrations the scavenging 
ability of ML-AgNPs was close to the standard, with no significant differences 
except for 12.5 μg/ml, where it higher than ascorbic acid. The highest scaveng-
ing percentage of ML-AgNPs was measured at 200 μg/mL, which was 73.34 
± 1.39 %. This value was greater than the results obtained at the same concen-
tration from [40] (62.22%) and [41] (64.9%).

Table 3.
Effects of AgNPs and ascorbic acid on DPPH radical scavenging

Tested Concentration
μg/ml

Scavenging percent (%)
ML-AgNPs (mean ±SD) Ascorbic acid (mean ±SD)

200 73.34 ± 1.3 77.23 ± 2.4
100 64.77 ± 1.4 66.43 ± 0.9
50 52.70 ± 3.2 55.05 ± 1.5
25 42.70 ± 1.8 43.51 ± 0.8

12.5 28.39 ± 0.6 26.11 ± 0.2

Fig. 11. Free radical scavenging ability of ML-AgNPs and ascorbic acid

[42] proposed that the antioxidant effect of AgNPs caused by the simultane-
ous action of polyphenols, and the nanoparticles themselves, which function as 
catalysts, this may explain the capacity of ML-AgNPs, coated by polyphenols 
(as shown by FTIR spectrum), to scavenge free radicals.
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Conclusions
This safe and economical approach effectively synthesized AgNPs, utilizing 

ethanolic extract of Maranta leuconeura leaves. The biosynthesized ML-Ag-
NPs were spherical, nanoscale, non-aggregated, pure, and showed a long term of 
stability. They demonstrated efficacy against Gr- and Gr+ bacteria, and showed 
good antioxidant activity close to the ascorbic acid. The present study also re-
vealed distinct cytotoxicity against SiHa cancer cells. Additional in vitro studies 
are necessary to evaluate cancer cell targeting methodologies.
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