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ABSTRACT: This ar(cle inves(gated the synthesis of silver nanopar(cles from Ulva lactuca with their an(viral and an(oxidant ac(vity. The 
op(miza(on of nanopar(cle synthesis was also regulated. Ulva lactuca was collected in June 2020, prepared, and op(mized for silver 
nanopar(cle synthesis. Confirma(on of the forma(on of the silver nanopar(cles by Ulva lactuca aqueous extract was determined by UV–
VIS spectrophotometer. The nanopar(cles were found to be dis(nct, regular, and primarily spherical, with sizes ranging from 4.08 - 27.57nm, 
and the average size of par(cles was found to be 10.29 nm. Silver nanopar(cles synthesized from Ulva lactuca showed significant an(oxidant 
ac(vity but less than conven(onal ascorbic acid. It also showed important cytotoxic ac(vity against the VERO cell line but weak an(viral 
ac(vity against Adenovirus. The effect of reac(on (me, AgNO3 Solu(on to algal extract, precursor concentra(on, temperature, (me, and pH 
on silver nanopar(cle synthesis was evaluated. Characteriza(on of the produced nanopar(cles was also performed. 
Keywords: Biological ac(vity, green algae, nanotechnology, Ulva lactuca, an(viral, an(cancer, op(miza(on, silver nanopar(cles. 
 
INTRODUCTION 

Nanotechnology is a unique, rapidly growing, 
dynamic, mul7disciplinary, and innova7ve field of 
science that a;racts researchers and scien7sts from 
various fields, including physicists, chemists, 
engineers, and biologists across the globe with 
poten7al health, environmental, and 
socioeconomic applica7ons (Menaa, 2011 and 
2013; Sharma et al., 2016; Batool et al., 2019; 
Mohanta et al., 2022). Nanotechnology involves the 
synthesis, characteriza7on, and applicability of 
par7cles with a size varia7on from 1–100 nm, called 
nanopar7cles (NPs). These NPs exhibit various new 
proper7es owing to their small size, large surface-
to-volume ra7o, cataly7c ac7vity, chemical stability, 
high conduc7vity, and biological proper7es (Nayak 
et al., 2016; Jakinala et al., 2021; Mohanta et al., 
2022). Due to their valuable and unique physical, 
chemical, and mechanical proper7es, NPs are 
widely used in a wide range of applica7ons, 
including cosme7cs, medica7ons, energy, 
electronics, catalysis, wastewater treatment, food 
produc7on, heavy metal adsorp7on, and 
agriculture (Saied et al., 2021; Makhlof et al., 2022). 

Silver nanopar7cles (AgNPs) are among the most 
vital and fascina7ng nanomaterials among several 
metallic nanopar7cles involved in biomedical 
applica7ons (Yesilot and Aydin, 2019; Karmous et 
al., 2020). AgNPs have a;racted a;en7on due to 
their wide range of applica7ons, including 
biosensors, drug delivery, imaging, renewable 
energy technologies, luminescence, op7cs, 
electronics, tex7les, cosme7cs, food industry, 
den7stry, biomedicine, and agriculture. In addi7on, 
they have been reported for an7microbial, 
an7oxidant, an7cancer, an7bacterial, and an7viral 
proper7es (Rudrappa et al., 2023). Metal 

nanopar7cles are generally synthesized using 
tradi7onal chemical and physical methods, making 
them with desired proper7es such as oxida7on, 
deposi7on precipita7on, anodiza7on, conven7onal 
hea7ng, and hydrothermal methods (Badineni et 
al., 2021). Moreover, these synthesis methods are 
labor-intensive, expensive, and hazardous to living 
organisms and the natural environment. To 
overcome these limita7ons associated with 
tradi7onal methods, a produc7on technique called 
"Green synthesis" has been developed, which 
differs from physical and chemical processes by 
being more environmentally friendly, economically 
viable, and instantly scalable for batch produc7on. 
It also provides controlled growth, crystal growth, 
increased influence, increased stability, and 
uniform size (Valsalam et al., 2019; Anand et al., 
2020; El-Sheekh et al., 2020 & 2021; Makhlof et al., 
2022). 

The current trend in the "green synthesis" of 
nanopar7cles is u7lizing algal species, including 
members of the Chlorophyceae, Phaeophyceae, 
Cyanophyceae, Rhodophyceae, and Diatoms. 
Biosynthesis of nanopar7cles using algae is a rapidly 
growing approach as it is easy to handle and u7lize 
algae. Algae have a strong ability to accumulate and 
absorb inorganic metallic ions, and the u7liza7on of 
algae to synthesize nanopar7cles represents a 
natural, ecofriendly, fast, and cost-effec7ve method 
that has low toxicity (Tripath et al., 2017; Mohanta 
et al., 2022). Ulva lactuca (UL), a green macroalgae 
that grows throughout the Mediterranean coast 
and is common in Egypt's north shore, belongs to 
the phylum Chlorophyta, class Ulvophyceae, and 
family Ulvaceae and is popularly referred to as "sea 
le;uce" (Postma et al., 2018). UL aqueous extract is 
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rich in bioac7ve molecules, including Ulvan 
polysaccharides, amides, pigments, proteins, 
amines, terpenes, phenols, and alkaloids, all of 
which have a significant role in the stabiliza7on and 
reduc7on of metal (Rajesh et al., 2012; Makhlof et 
al., 2022). In the last years, there has been an 
increasing number of studies repor7ng on the 
applica7on of UL in the synthesis of silver 
nanopar7cles led by UL extract (Devi et al., 2012; 
Kumar et al., 2013; Valen7n and Kumari, 2014; 
Murugan et al., 2015; González-Ballesteros et al., 
2018). 

MATERIALS AND METHODS 
Sample collec*on and prepara*ons 

In June 2020, samples of Ulva lactuca were 
manually gathered from the rocky shores of Abu 
Quir Bay in Alexandria, Egypt (la7tudes 31° 03' and 
31° 22' N and longitudes 30° 20' and 30° 25' E). The 
collected samples were iden7fied according to 
Aleem (1978 and 1993), Lipkin and Silva (2002), and 
the AlgaeBase website (Guiry in Guiry 2020). All 
samples were taken directly and promptly washed 
in seawater to remove any foreign par7cles, sands, 
or epiphytes. Then, it was placed in polythene bags 
filled with natural seawater and brought to the 
laboratory, where it was washed correctly with 
running tap water and then dis7lled water to 
remove any lekover, adhering par7cles, related 
biota, and sand. The algal samples were shade-
dried in air, then dried in an oven (Memmert, 
Germany) at 60 oC for 3 h. The dried samples were 
ground to a fine powder with a mixer grinder 
(Brown mill) and stored in plas7c bags at room 
temperature for further experiments. 

Prepara*on of Ulva lactuca aqueous extract and 
synthesis of AgNPs 

In a 500 ml Erlenmeyer flask, 10 g of U. lactuca 
powder was added to 200 ml of dis7lled water. The 
mixture was boiled in a water bath for 30 min. at 
100 °C with intermi;ent s7rring for biomolecule 
extrac7on from an algal sample. The extract was 
obtained by filtra7on using Whitman No.1 filter 
paper and centrifuga7on at 6708g. 

Op*miza*on of opera*onal physico-chemical 
parameters for AgNPs biosynthesis 

Physiochemical parameters regulate the 
biosynthesis of inorganic metal nanopar7cles to 
achieve op7mum opera7on to obtain maximum 
product yield (Khan and Jameel, 2016; Gupta et al., 
2018) and to get uniform shape and size of 
nanopar7cles. The one  factor  at a 7me (OFAT) 
method was applied to select the essen7al factors. 
This design depended on studying one factor while 
the other variables were constant. The factors 

employed for AgNPs synthesis include reac7on 
7me, illumina7on, volume ra7o of the mixtures, the 
concentra7on of AgNO3, the effect of temperature 
and pH values. 

Reac*on *me 

To study the influence of reac7on 7me on the 
biosynthesis of AgNPs, 1 ml of algal extract was 
mixed with 9 ml 1 mM AgNO3 (Sigma Aldrich, USA) 
at room temperature (30 °C), under light condi7ons, 
origin pH (without changing the pH of the reac7on) 
for 8, 10, 12, 24, 36, 48, 60, 72, 84, 96 and 120 h. 
Aker incuba7on, the suspension converted to a red-
brown color, and aliquots of the samples were 
analyzed using UV−vis spectroscopy. The op7mum 
reac7on 7me was chosen based on the absorbance 
values of the AgNPs in the range of 400−500 nm. 
Ra7o change of AgNO3 Solu7on to algal extract. The 
effect of the algal extract and precursor ra7o on the 
synthesis of AgNPs was inves7gated. by mixing algal 
extract with AgNO3 (1 mM) at different ra7os of 1:9, 
2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1 (V/V of algal 
extract to AgNO3) at 30 °C, under light, and origin 
pH (without changing the pH of the reac7on) for 
84h. 

Precursor Concentra*ons 

To study the influence of precursor concentra7ons 
on the biosynthesis of AgNPs, 5ml of algal biomass 
extract was mixed with 5 ml of (0.5, 1, 1.5, 2, 2.5, 3, 
4, 5, 6, 7 and 8mM AgNO3) at 30°C, under light, 
origin pH (without changing the pH of the reac7on) 
for 84 h. Aker incuba7on, aliquots of the samples 
were analyzed using UV−vis spectroscopy. Effect of 
temperature, light, and pH. A mixture of algal 
extract was mixed with an op7mum concentra7on 
of AgNO3 (4mM) at a 5:5 ra7o and kept at 30. 40, 
50, 60, and 90°C under constant light and pH. The 
effect of illumina7on on the biosynthesis of AgNPs 
was examined by keeping the reac7on mixture at 
light condi7ons (using LED fluorescent lamps) and 
dark condi7ons. The varia7on in pH during the 
synthesis of AgNPs was studied by adding an algal 
extract to AgNO3 and adjus7ng the reac7on pH to 
be 4, 5, 6, 7, 8, 9, 10 and 11 using HCl or NaOH (0.1 
M). All factors were tested in sequence. The 
absorbance values of the resul7ng solu7on was 
measured using UV-vis spectroscopy, where the 
absorbance intensity indicates the number of 
nanopar7cles formed (Ahmed et al., 2013). 

Detec*on and purifica*on of op*mum phyco-
synthesized ULAgNPs 

The op7mum condi7ons for AgNPs synthesis were 
at 5 ml of algal extract 5 ml of AgNO3 (4 mM) at 60 
°C, and light incuba7on at pH (8). Aker incuba7on, 
high speed centrifuga7on was used to separate the 
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biosynthesized nanopar7cles from the reac7on 
mixture for 15 min. at 20124 g. Aker that, they were 
centrifuged once more aker being washed with 
sterile dis7lled water. This procedure was repeated 
three 7mes to generate pure nanopar7cles to 
eliminate unreacted metals, remaining biological 
molecule contaminants, and any remaining 
metabolites from na7ve nanopar7cles (Nagarajan 
and Kuppusamy, 2013; Al-kordy et al., 2021). Aker 
being cleaned with ethanol to remove any 
remaining ionic contaminants, the powder was 
dried overnight at 40°C in the oven before being 
described. 

UV-Vis Spectroscopy 

The maximum Absorbance of ULAgNPs was 
measured using a UV-Vis spectrophotometer 
(Thermo Scien7fic Evolu7on TM 300) in the 
wavelength range between 300 nm and 700 nm 
while using dis7lled water as a blank 
(Shamsuzzaman et al., 2013; Dhoble and Kulkarni, 
2016). 

Transmission electron microscopy (TEM) 

The size and morphology of the synthesized 
ULAgNPs were examined using TEM JEM- 1400 plus 
(JEOL, Corp., Tokyo, Japan) with an accelera7ng 
voltage of 50 kV. Deionized water was used to dilute 
the reac7on mixture and was sonicated 
(Branson-Sonifier 250, Branson Ultrasonics Corp., 
Danbury, CT, USA) for 10 min (Tahmasebi et al., 
2015). The sonicated sample was then placed onto 
copper grids coated with carbon, which was then 
vacuum dried for 30 min before electron 
micrographs were taken of the sample (Gupta et al., 
2018). 

BIOLOGICAL ACTIVITIES 
An*viral ac*vity of ULAgNPs 
Mammalian Cell Line 

The American Type Culture Collec7on (ATCC, 
Manassas, VA, USA) provided the Vero cells (derived 
from the kidney of an African green monkey). Vero 
cells were grown in Dulbecco's modified Eagle's 
medium (DMEM), which included 10% heat-
inac7vated fetal bovine serum (FBS), 1% L-
glutamine, HEPES buffer, and 50 μg/ml gentamycin. 
All cells were cultured twice a week and kept at 37 
°C in a humidified atmosphere with 5% CO2 (Vijayan 
et al., 2004). Virus Propaga7on and An7viral Assay.  

The cytopathogenic Adenovirus strain 2 was 
propagated and tested in confluent Vero cells. The 
Regional Center for Mycology and Biotechnology 
conducted the an7viral screening (RCMB, Al-Azhar 
University, Cairo, Egypt). This assay was chosen to 
demonstrate specific inhibi7on of a biological 

func7on, precisely a cytopathic effect in suscep7ble 
mammalian cells measured using the MTT method 
(Hu and Hsiung 1989; Al-Salahi et al., 2015; 
Randazzo et al., 2017). The Spearman-Karber 
method was used to count infec7ous viruses by 
determining the 50% 7ssue culture infec7ous dose 
(TCID50) with eight wells per dilu7on and 2 μl of 
inoculum per well (Pinto et al., 1994). In the 
cytotoxicity assay, the Vero cell lines were seeded in 
96-well plates at a cell concentra7on of 2 × 105 cells 
per ml in 100 μl of growth medium. Aker 24 h of 
seeding, a fresh medium with varying 
concentra7ons of ULAgNPs was added. A 
mul7channel pipe;e was used to add serial two-
fold dilu7ons of ULAgNPs (ranging from 2 μg/ml to 
3000 μg/ml) to confluent cell monolayers dispensed 
into 96-well, flat-bo;omed micro7ter plates 
(Falcon, Jersey, NJ, USA). The micro7ter plates were 
incubated for 48 h at 37 °C in a humidified incubator 
with 5% CO2. Three wells were used for each 
concentra7on of the tested sample. Control cells 
were incubated with or without test samples and 
DMSO. The small amount of DMSO in the wells 
(maximum 0.1%) did not affect the experiment. 
Following the incuba7on period, the viable cell yield 
was determined using an MTT colorimetric method 
(Mosmann, 1983) and the following equa7on: [(A − 
B)/(C − B)] × 100% where A, B, and C indicate the 
Absorbance of the ULAgNPs with virus-infected 
cells, the Absorbance of the virus control and the 
Absorbance of the cell control, respec7vely. The 
50% cytotoxic concentra7on (CC50), or the 
concentra7on required to cause toxic effects in 50% 
of intact cells, was calculated using GraphPad Prism 
sokware from graphic plots of the dose-response 
curve for each concentra7on (San Diego, CA. USA). 

Data Analysis 

The STATA modeling sokware calculated the dose 
that inhibited viral infec7on by 50% (EC50) 
compared to the virus control. The percentages of 
viral inhibi7on concerning each tested virus 
represent the mean and standard error of the three 
experiments' mean values. The EC50 values were 
calculated directly from the curve obtained by 
ploxng the virus yield inhibi7on against the 
concentra7on of ULAgNPs. The selec7vity index (SI) 
was calculated using the CC 50/ EC50 ra7o to 
determine whether each compound had sufficient 
an7viral ac7vity that outweighed its toxicity (Al 
Salahi et al., 2015). This index, known as a 
therapeu7c index, was used to determine whether 
a compound was necessary. Compounds with an SI 
value of 2 or higher were considered ac7ve (Al-
Salahi et al., 2015). 
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DPPH (2, 2-Diphenyl-1-picryl hydrazyl) radical 
scavenging ac*vity 

A prepared (0.004%w/v) DPPH radical methanol 
solu7on was prepared and stored at ten ℃ in the 
dark. ULAgNPs methanol solu7on (2-1000 μg/ml) 
was designed. To 3ml of DPPH solu7on, a 4 μl 
aliquot of ULAgNPs methanol solu7on was added, 
and the mixture was vortexed vigorously and 
allowed to stand at 22 –25 oC for 30 min in the dark. 
A UV-visible spectrophotometer was used to 
immediately measure Absorbance at 515 nm 
(Milton Roy, Spectronic 1201). The decrease in 
Absorbance was measured con7nuously, with data 
recorded every 1 min un7l the Absorbance 
stabilized (16 min). The Absorbance of the DPPH 
radical (control) and the reference compound 
ascorbic acid were also measured. 

The DPPH radical's percentage inhibi7on (PI) was 
calculated using the formula:  

PI = [(AC- AT)/ AC} x 100] (1) 

Where AC = Absorbance of the control at t = 0 min 
and AT = absorbance of ULAgNPs + DPPH at t = 16 
min (Yen and Duh 1994). GraphPad Prism sokware 
es7mated the 50% inhibitory concentra7on (IC50), 
or the concentra7on required to achieve 50% DPPH 
radical scavenging ac7vity (San Diego, CA. USA). 

RESULTS AND DISCUSSION 
Biosynthesis of ULAgNPs 

In this study, we revealed the green synthesis of 
silver nanopar7cles by Ulva lactuca. The Ulva 
lactuca aqueous extract was mixed with silver 
nitrate solu7on, monitored, and observed for color 
changes. The forma7on of a brownish-red color 
indicates the biogenesis of AgNPs. It suggests the 
bio-reduc7on of Ag+ ions into Ag0, which resulted in 
colloidal nanopar7cles (Solanki and Patel, 2022) 
confirmed the nanopar7cle forma7on. Where there 
was no color change in the control AgNO3 solu7on 
(Figure 1). Confirma7on of the forma7on of the 
silver nanopar7cles by Ulva lactuca aqueous extract 
was determined by UV–VIS spectrophotometer.  

Op*miza*on of opera*onal physico-chemical 
parameters for ULAgNPs biosynthesis 

The op7miza7on of various parameters is important 
in order to achieve op7mum condi7ons where the 
maximum yield of nanopar7cles can be obtained. 
UV-Vis absorp7on intensity was used as an 
indica7on of nanopar7cles forma7on yield during 
the reac7on. The absorp7on intensity indicates the 
number of nanopar7cles formed (Arasu et al., 
2019). Several condi7ons, such as physical, 
chemical, and environmental factors, affect the 
biosynthesis of AgNPs with the help of algae.  

Some essen7al factors are extract or biomass 
concentra7on, pH, reac7on 7me, illumina7on, 
precursor concentra7on, and temperature. These 
condi7ons must be appropriately maintained for 
efficient biosynthesis of silver nanopar7cles as they 
affect the nuclea7on, forma7on of stabilized 
nanopar7cles, the rate of produc7on, yield, and 
morphologies of NPs (Shah et al., 2015; Salem and 
Fouda, 2020). 

Reac*on *me 

Reac7on 7me is required to reduce the metal 
nanopar7cles (Gupta et al., 2019). Reac7on 7me is 
a crucial factor governing the structure and shape 
of AgNPs (Aldakheel et al., 2023). There is an 
exponen7al increase in the Absorbance for the first 
84 h. (Figure 2), in which the nuclea7on and the 
growth occurred, aker that, the reduc7on followed 
a slow trend. The complete conversion of Ag+ to Ag0 
occurred within 84h, which was evident from the 
gradual increase in the intensity of the brownish-
red color (Figure 3) and the absorbance values (OD 
450nm≈1.51) with maximum absorbance peak at 
450 nm (Figure 2). The obtained data indicate that 
the reac7on 7me required for ul7mate synthesis of 
ULAgNPs was 84h. During the biological synthesis of 
NPs, three main events occur (a) the ini7a7on of the 
ion reduc7on process, (b) the nuclea7on and 
growth of the NPs, and (c) the complete reduc7on 
of ions. There is evidence that the ini7a7on of the 
reduc7on process requires between 5 and 15 
minutes (Alzahrani and Welham, 2014; Rao and 
Tang, 2017). Some7mes, it happens immediately 
aker mixing the precursor salt with the biological 
extract (Singh and Srivastava, 2015; Kumar et al., 
2016). A complete reac7on can occur between 45 
and 120 minutes, depending on the reducing 
agent's effec7veness (Alzahrani and Welham, 2014; 
Rao and Tang, 2017; Satpathy et al., 2019). 
However, some studies have proved that the green 
reac7ons may reach equilibrium aker one week 
(Dipankar and Murugan, 2012; Khalil et al., 2014). 
For example, Wei et al. (2021), reported that silver 
NPs needed five hours to be wholly formed in a 
mixture of organic residues while, in Hibiscus 
cannabinus leaf extract, they became stable aker 
five days (Bindhu and Umadevi, 2013). It also has 
been observed that Codium capitatum acquired 
around 48 h. for the produc7on of nanopar7cles 
from the precursor, whereas it acquired just 30 min 
for synthesis by Chaetomorpha linum (Kannan et 
al., 2013; Dhavale et al., 2020). 

Ra*o change of AgNO3 Solu*on to algal extract 

The volume ra7o of the algal extract and metal 
solu7on is one of the most important factors that 
influence the biosynthesis of AgNPs.  
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Figure 1. Visual observa(ons of color change before and aYer the 
conversion of Ag+ to Ag0 nanopar(cles by Ulva lactuca aqueous 
extract. (A) Pure precursor salt solu(on (AgNO3), (B) Ulva lactuca 
aqueous extract, (C) Brownish red color showing synthesized 
ULAgNPs mixing U. lactuca aqueous extract with AgNO3 solu(on. 
 

 
Figure 2. UV-Vis spectra showing the effect of reac(on (me for 
efficient biosynthesis of ULAgNPs 
 

 

Figure 3. Biosynthesis of ULAgNPs kept at different incuba(on 
(me intervals at sta(c condi(ons at 30oC. 
 

It has been observed that the volume ra7o of the 
algal extract and metal solu7on is directly related to 
the yield of nanopar7cles. In addi7on, these ra7os 
significantly influence the size and structure of 
nanopar7cles (Rahman et al., 2020). In these 
experiments, different volume ra7os of algal extract 
to precursor solu7on (AgNO3) were op7mized to 
increase the forma7on of AgNPs. The highest SPR 
peak (OD450nm ~ 2.7) was obtained with a volume 

ra7o of 5:5 (algal extract to AgNO3) (Figures 4 and 
5).  

This could be a;ributed to the sufficient amount of 
reductants reacted with silver ions. As 
concentra7on increases, higher numbers of stable 
nuclei are formed due to sufficient reductants 
reac7ng with silver ions.  However, nuclea7on 
occurs faster at higher concentra7ons, and unstable 
nuclei formed react with free silver ions in the 
reac7on mixture, resul7ng in large-sized silver 
nanopar7cles reducing UV absorp7on capability 
(Verma et al., 2016). This result is in good 
agreement with published data (Aboelfetoh et al., 
2017), which demonstrated that by increasing the 
concentra7on of the extract gradually, the intensity 
of SPR increased and there was a shik towards a 
lower wavelength. This shik was due to a decrease 
in the mean size of AgNPs. On further increasing the 
concentra7on, there was a reduc7on in SPR 
intensity due to the aggrega7on of nanopar7cles. 
The study depicts that even though increasing the 
concentra7on can increase the produc7on of 
AgNPs, agglomera7on happens beyond a threshold 
concentra7on. Agglomera7on of nanopar7cles can 
cause a reduc7on in their func7onal proper7es and 
economic importance. 

Precursor Concentra*ons 

The size, shape, and extent of silver nanopar7cle 
synthesis depend highly on the concentra7on of 
silver ions. Upon evalua7ng the effects of various 
concentra7ons of Ag+ ions in the reac7on mixture, 
the absorp7on peak increased when the 
concentra7on of AgNO3 risen from 0.5 to 6mM. 
However, further increases in AgNO3 concentra7ons 
up to 8mM resulted in peaks with lower Absorbance 
(Figures 6 and 7). The maximum peak found at 
4mM, 5mM, and 6Mm (OD450nm~3) could be 
a;ributed to the enhancement in the oxida7on of 
hydroxyl groups by the metal ions (Shankar et al., 
2004; Kora et al., 2010). 

Effect of Temperature 

Temperature is another significant factor that 
influences the biosynthesis of AgNPs. Generally, the 
rate of reac7on and produc7on of NPs increases 
with an increase in temperature (Hasan et al., 
2018). Moreover, temperature can also help in the 
higher output of NPs and regulate the size of the 
par7cles (Chugh et al., 2021). The present results 
showed that the highest absorp7on peak occurred 
at 60 o C. Intriguingly, increasing the temperature to 
70 and 80 °C resulted in peaks with lower 
Absorbance (Figures 8 and 9). A probable 
explana7on is that an increase in temperature to a 
certain degree ac7vates the reductants 
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(biomolecules) during the synthesis of NPs, while 
raising the temperature beyond the op7mum 
degree could result in biomolecule degrada7on and  

 

Figure 4. UV- Vis spectra of ULAgNPs at different volume ra(os 
of algal extract and AgNO3 
 

 

Figure 5. Biosynthesis of ULAgNPs with different ra(os of algal 
extract and 1mM AgNO3 at sta(c condi(ons and 30 oC for 84 h. 
 

 
 
Figure 6. UV-visible spectra of ULAgNPs at different 
concentra(ons of AgNO3 solu(on. 
 
the forma7on of agglomerated NPs or stopping the 
reduc7on reac7on (Hamida et al., 2023). Liu et al. 
(2020), reported that the forma7on of NPs at higher 
temperatures might be due to an increase in the 
nuclea7on kine7cs constant instead of a decreased 
growth kine7cs constant, considering the 
concentra7ons of the precursors. Also, Dong et al. 
(2014), stated that an increase in the reac7on 
temperature caused the rapid forma7on of Ag 
clusters and reduced the concentra7on of the Ag 
precursor, and uniform AgNPs were formed with an 

immediate reduc7on rate. Rehman et al. (2023) 
observed that 70 °C is the op7mum temperature for 
AgNP forma7on using an extract of Teucrium 
stocksianum. 

 

 

 

Figure 7. Effect of different concentra(ons of AgNO3 (in mM) on 
ULAgNPs biosynthesis containing 5:5, v/v ra(o at sta(c 
condi(ons and 30 oC for 48 h. 
 

 

Figure 8. UV –Vis spectra of ULAgNPs at different temperatures 
(30-80 oC). 
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Figure 9. Effect of different temperatures (30 oC- 80 oC) on 
ULAgNPs synthesis in a reac(on solu(on containing 5:5, v/v ra(o 
of 4mM AgNO3 and algal extract. 
 

Effect of light (illumina*on) 

Illumina7on is a cri7cal physical factor affec7ng the 
synthesis of AgNPs as it can act as a catalyst for 
many reac7ons. UV-visible spectra of ULAgNPs 
synthesized by incuba7ng algal extract with silver 
nitrate in the presence and absence of light (Figures 
10 and 11). 

Higher absorbance intensity (OD450nm~3) was 
recorded when the reac7on mixture was incubated 
in light. Mul7ple experimental pieces of evidence 
establish the effect of illumina7on during 
nanopar7cle synthesis. Patel et al. (2015), in an 
experiment, showed that extracellular 
polysaccharides isolated from the Scenedesmus sp. 
were able to synthesize AgNPs in the presence of 
light but failed to do so in the dark, and this 
indicates how important light is for the synthesis of 
silver nanopar7cles in this condi7on. Another group 
of researchers led by Bao et al. (2015), reported the 
same observa7on by using an aqueous cell extract 
of Neochloris oleoabundans. They found that the 
biosynthesis of AgNPs needs white, blue, or purple 
light illumina7on. The same extract failed to show 
NPs synthesis when the reac7on was carried out in 
dark condi7ons or in the presence of orange or red 
light (Bao and Lan, 2018). Moreover, that it is not 
only illumina7on; there are par7cular wavelengths 
that assist in the AgNPs synthesis by different 
methods. Even UV light can affect the size of AgNPs 
(Patel et al., 2015). 

Effect of pH 

The pH of the reac7on mixture has a significant 
effect on the biosynthesis of AgNPs as it alters the 
electrical charges of biomolecules, probably 
affec7ng their reducing and capping proper7es 
(Azarbani and shiravand, 2020; Seifipour et al., 
2020). The forma7on of nuclea7on centers, the 
ac7vity of phytochemicals present in algal extract, 
and the rate of reduc7on of a metal salt are highly 

influenced by the pH of the solu7on, resul7ng in a 
change in shape and size of the nanopar7cles 
(Hamouda et al., 2019 and Rajkumar et al., 2021). It 
is because the electrical charge of biomass and 
capping agents are altered strongly at different pH 
condi7ons, which causes altera7on in their ability to 
bind and reduce metal ions (Chugh et al., 2021). 
Varying the pH of the reac7on medium leads to the 
synthesis of nanopar7cles with various shapes and 
sizes. The data of this work (Figures 12 and 13) 
indicate that at acidic pH (4-6), no absorp7on peak 
was observed in the spectrum region, while the 
maximum absorp7on peak was at pH 8 
(OD450nm~3), by increasing the pH to higher values, 
decrease in the absorp7on peak is arisen. This result 
agrees with data published by Moldovan et al. 
(2018), who revealed that at low pH, aggrega7on 
takes place over nuclea7on, forming large-sized 
nanopar7cles whereas high pH results in highly 
stable small-sized nanopar7cles. Several reports 
also confirmed this result and exhibit that an acidic 
medium promotes the produc7on of large-size 
AgNPs whereas small-size AgNPs were formed in 
the alkaline medium (Siddiqui et al., 2018). In 
general, NPs produced in an alkaline reac7on 
mixture are smaller and more stable in 7me. The 
reason might be the earlier capping process and is 
more efficient at alkaline pH values due to a large 
quan7ty of ac7vated phytochemicals (Miu and 
Dinischiotu, 2022). Generally, NPs produced in an 
alkaline reac7on mixture have a smaller size. They 
are more stable in 7me and this might be the 
capping process that occurs earlier and is more 
efficient at alkaline pH values due to a large quan7ty 
of ac7vated phytochemicals. 

Transmission electron microscopy (TEM) 

TEM was used to ascertain the stability of the 
biosynthesized AgNPs, the shape, size dispersion, 
crystalline structure, and surface condi7on of the 
par7cles (Younis et al., 2021). The findings shown in 
Figure 14 illustrated that the ULAgNPs were dis7nct, 
regular, mostly spherical, size ranging from 4.08 - 
27.57nm, and the average par7cle size was 10.29 
nm. Our findings concurred with those reported by 
El-Rafie et al. (2013) who revealed that the 
biosynthesized AgNPs formed from polysaccharides 
extracted from Ulva fasciata, Jania rubins, 
Pterocladia capillaceae, and Colpmenia sinusa were 
predominantly spherical and polydispersed with 
maximum par7cle size of 7, 12, 7, and 20 nm 
respec7vely.  Our findings were also in agreement 
with those of El-Sheekh et al. (2022), who 
discovered that the AgNPs produced using sodium 
alginate derived from Sargassum laKfolium were 
spherical, polydispersed, and their size ranged from 
4.34 - 13.77 nm with the average size 9.005nm. 
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BIOLOGICAL ACTIVITIES 
An*viral ac*vity of ULAgNPs 

The VERO cell line (Table 1) and MTT test (Table 2) 
were used to assess AgNPs an7viral ac7vity against 
Adenovirus. Table 1 shows the cytotoxic ac7vity of 
AgNPs with Mammalian cells from African Green 
Monkey Kidney (Vero) cells under these 
experimental condi7ons, with a cell cytotoxic 
concentra7on (CC50) of 20.34 ± 0.78 μg/ml. Table (2) 
shows that AgNPs has a weak an7viral ac7vity (+) 
against Adenovirus (9.83±0.65 % inhibi7on). The 
results didn't exceed the reference drug 
(Amantadine).  Indeed, it was reported that AgNPs 
reduced the infec7vity of 31 viruses belonging to 17 
different virus families.  

 
 
Figure 10. UV-visible spectra of ULAgNPs at dark and light 
condi(ons. 
 

 

Figure 11. Biosynthesis of ULAgNPs in reac(on solu(on 
containing (5:5, v/v) ra(o of 4mM AgNO3 kept at sta(c condi(on 
for 84h in dark and light condi(ons. 
 

 
 
Figure 12. UV- visible spectra of ULAgNPs synthesized at different 
pH values (4-11). 
 

 

Figure 13. Effect of different pH values (4-11) on ULAgNPs in 
reac(on solu(on containing (5:5, v/v) ra(o of 4mM AgNO3 and 
algal extract kept at sta(c condi(on in light. 

 

Figure 14. Transmission electron microscopy (TEM) image of the 
Ulva lactuca mediated silver nanopar(cles (ULAgNPs) (100nm), 
showing different par(cle sizes. 
The complexity of the virus structure may 
contribute to the limited knowledge of the 
mechanism of interference of nanopar7cles with 
viruses. There are two possible methods by which 
AgNPs exert their an7viral ac7vi7es. The first 
possible mechanism is that AgNPs can bind to the 
outer coa7ng of proteins, suppressing the virus's 
a;achment to cell receptors. The second possible 
mechanism is that AgNPs bind to nucleic acid 
(DNA/RNA) and inhibit the replica7on or 
prolifera7on of the virus inside the host cells (Salleh 
et al., 2020; Bamal et al., 2021). It is also evident 
that AgNPs can alter the structure of surface 
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proteins, thus reducing their detec7on and 
adhesion to the host receptor (Bamal et al., 2021). 

Table 1. Cytotoxic ac(vity of AgNPs against VERO cell line. 

ULAgNPs conc. μg/ml) Viability % Inhibitory % 

0 100 0 
0.25 100 0 
0.5 100 0 
1 99.71 0.29 ± 0.33 
2 94.03 5.97 ± 0.21 

3.9 86.59 13.41 ± 0.17 
7.8 72.18 27.82 ± 0.65 

15.6 54.93 45.07 ± 1.41 
31.25 38.42 61.58 ±1.68 
62.5 27.69 72.31 ± 1.39 

125 18.74 81.26 ± 1.28 
250 9.63 90.37 ± 0.95 
500 4.73 95.27 ± 0.41 

50 % cell cytotoxic concentra(on (CC50) = 20.34 ± 0.78 μg/ml. 

AgNPs biosynthesized from the brown seaweed 
Sargassum was found to AgNPs possess size-
dependent interac7on and the ability to block HSV-
1 virus a;achment and entry (Dhanasezhian et al., 
2019).  AgNPs by chemical redox method using 
tannic acid were reported to have an7viral ac7vity 
against Adenovirus by their ability to damage the 
viral structure (Chen et al., 2013; Luceri et al., 2023). 

Table 2. An(viral ac(vity of ULAgNPs against Adeno virus 

Virus name MNCC (μg / ml) An(viral effect (%) An(viral effect Qualita(ve 
An(viral efficacy 
EC50 SI 

Adenovirus 2 9.83±0.65 + Weak ac(vity inac(ve 
Amantadine Reference drug 100 64.88±3.24 +++ 69.46 4.74 

(+): Weak an(viral ac(vity (1-<25%), (++): Moderate an(viral ac(vity (25-<50%), (+++): Good an(viral ac(vity (50-<75%) (++++): Excellent 
an(viral ac(vity (75-100%), MNCC: Maximum noncytotoxic concentra(on, EC50: The dose that inhibited viral infec(on by 50%, SI: The 
selec(vity index 
 
An*oxidant ac*vity of ULAgNPs 
Determina*on of DPPH (2, 2-Diphenyl-1-picryl 
hydrazyl) radical scavenging ac*vity 

The Data recorded in Figure 15 concerning the 
DPPH scavenging ac7vity of ULAgNPs and the 
standard ascorbic acid revealed that ULAgNPs 
exhibited significant DPPH free radical scavenging 
ac7vity of 79.43  ± 0.75 and 86.31  ± 0.93 at 
concentra7ons of 640 and 1280 μg/ml respec7vely, 
with IC50 of 263.73 ± 9.41 (μg/ml). The an7oxidant 
ac7vity was less than that of conven7onal ascorbic 
acid. The DPPH ac7vity of the AgNPs was found to 
increase dose-dependently. DPPH assay is the most 
significant and easy method for determining 
an7oxidant ac7vity (Rout et al., 2012; Zain et al., 
2014). The model of scavenging the stable DPPH 
radical is widely used to evaluate the free radical-
scavenging ability of AgNPs. DPPH• (2, 2-diphenyl-
1-picrylhydrazyl) is a stable nitrogen-centered free 
radical whose color changes from violet to yellow 
upon reduc7on by either the process of hydrogen or 
electron dona7on (Scheme 1).  

 

Figure 15. The effect of different concentra(ons of ULAgNPs on 
DPPH radical scavenging ac(vity with (IC50) 263.73± 9.41 and 
10.64 ± 0.82 for ULAgNPs and Ascorbic acid (reference drug), 
respec(vely. Each value represents the mean of the sample ± 
standard devia(on (SD). 
 

 

Scheme.1. Mechanism of DPPH scavenging ac(vity. 
An7oxidant ac7vity of AgNPs may be a;ributed to 
the func7onal groups adhering to AgNPs from algal 
extract which lead to the forma7on of nonreac7ve 
stable radicals by inhibi7ng the oxida7on of 
molecules by preven7ng the ini7a7on of chain 
reac7on (Arif and Uddin, 2020). In these methods, 
the mechanism of an7oxidant ac7on of silver 
nanopar7cles can be ascribed to the fact that silver 
can exist in two oxida7on states (Ag+ and Ag2+) 
depending on the reac7on condi7ons and the 
produced AgNPs may be able to quench free 
radicals by dona7ng or accep7ng electrons 
(Shanmugasundaram et al., 2013; Bedlovicˇová et 
al., 2020). The resul7ng an7oxidant ac7vity of 
AgNPs significantly depends mainly on the reducing 
substances in the extract bounded/capped to the 
surface of the nanopar7cles. An7oxidant 
characteris7cs of AgNPs were reported to rely on 
chemical composi7on, nature, stability, surface-to-
volume ra7o, size, surface coa7ng, and surface 
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charge (Khalil et al., 2020). Our results are in good 
agreement with that of Mohanta et al. (2022), who 
claimed that the green synthesized AgNPs from the 
aqueous extract of marine seaweed, Gracilaria 
edulis exhibited higher DPPH radical scavenging 
ac7vity of 86.83% at a concentra7on of 50μg/ml 
and IC50 value of 30:71±0:22 μg/ml. Also, AgNPs 
synthesized by using green algae Spirogyra hyalina 
showed potent an7oxidant ac7vity and successfully 
scavenged the DPPH free radicals up to 53.43 ± 
0.1731.39 ± 0.33, at a concentra7on of 400 mg/ml 
of nanopar7cles (Abdullah et al., 2021). 
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  Ulva lactuca نم ةقتشملا ةZUنانلا ةضفلا تائTUج R>Oسحتو ،NOخلأا قيلختلاو ،ةدسDلأا تاداضمو تاسو<=فلل داضملا طاش4لا
 
 ٢مAB@لا د-ع دعس دمحم ،١كو56م 34م ،١با0د ة-ه ،١فولخم ەد#فم
 روهنمد هعماج - مولعلا هxل� - ��~ولوي}وركxملاو تاsنلا مسق١
 ة�ردنكسلإا هعماج - مولعلا هxل� - ��~ولوي}وركxملاو تاsنلا مسق٢
 

��
 م�ظنت اضً´أ مت .ةدس¦لأا تاداضمو تاسو̄°فلل داضملا اهطاش» عم ا©وت¦لا افلوأ نم ة �نانلا ةضفلا تام�سج قيلخت ةسارد مت ةلاقملا ەذه �
�� ا©وت¦لا افلوأ عمج مت .ة �نانلا تام�سجلا قيلخت �̧°سحت

 ترهظأ .ة �نانلا ةضفلا تام�سج قيلختل اهن¾سحتو اهدادعإ متو ،2020 وينوي �
 طاشÌلا نËل ،VERO ا´لاخ طخ دض ا´لاخلل ا مًاس اطًاش»و ةدس¦لأل ادًاضم اً̄°بك اطًاش» ا©وت¦لا افلوأ نم ةعنصملا ة�ضفلا ة �نانلا تام�سجلا
 ة�لولأا ةداملا �̄°كرتو بلاحطلا صلختسمو ةضفلا تا̄×ن لولحمو لعافتلا نمز ̄°ثأت م�يقت مت .يدغلا سو̄°فلا دض ف�عض تاسو̄°فلل داضملا

 .ةجتنملا ة �نانلا تام�سجلا ف�صوت ءارجإ مت ام© .ة �نانلا ةضفلا تام�سج قيلخت Ýع ��Üيجورد�هلا سلأاو نمزلاو ةرارحلا ةجردو


