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Abstract
Gold nanoparticles (AuNPs) have a numerous biomedical applications including their antioxidant, antimicrobial, and anti-
cancer applications. We have synthesized AuNPs laced with the extracts of red algae Halymenia pseudofloresii using the 
green method (Hp-AuNPs). The synthesized nanoparticles were characterized by UV spectroscopy, XRD, FTIR, and SEM. 
In UV spectroscopy, Hp-AuNP’s surface plasmon resonance (SPR) peak was discovered to be at 545 nm, which initially 
confirmed the formation of nanoparticles. The X-ray diffraction analysis confirmed the biosynthesized Hp-AuNP structures 
to be crystal in nature. Bioactive molecules, such as phenolic compounds and carboxylic groups, were identified by FTIR 
analysis as contributing to the reduction of Hp-AuNPs. The scanning electron microscope (SEM) analysis was used to 
identify the Hp-AuNP morphology as cubic and rectangular structures with 27 nm size. The antioxidant activity demon-
strated that H. pseudofloresii extract (61.3%) and synthesized Hp-AuNPs (71.87%) effectively inhibited the DPPH radicals 
at 50 µg/mL concentration. The Hp-AuNPs exhibited efficient antibacterial effects against Staphylococcus aureus (24 mm), 
Lactobacillus (23 mm), and Pseudomonas aeruginosa (22 mm). The biosynthesized Hp-AuNPs showed potential cytotoxic 
activity against A549 lung cancer (IC50 = 19.02 µg/mL) than LN-18 glioblastoma cancer cells (IC50 = 32.46 µg/mL). Hence, 
further anticancer screening was tested against lung cancer cells. In the clonogenic assay, Hp-AuNPs effectively control 
the lung cancer cell colony formation at the concentration of 30 µg/mL, whereas the Hp-AuNPs induce apoptotic activity 
in lung cancer cells was confirmed through reactive oxygen species (ROS) generation assay. Therefore, the unique biologi-
cally synthesized Hp-AuNPs have the ability to function as an anticancer agent, and they may further be used for a variety 
of biomedical purposes.
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1  Introduction

Nanotechnology is a recently using novel approach that 
offers vast applications and possibilities for biomedical 
research. As a tool for biological research, the synthesis 
of nanomaterials and nanoparticles has grown exponen-
tially in recent years [1]. The nanomaterials have more 
biological features including anti-tumor, drug-microbial, 
anti-parasitic, immunosuppressive, and bio-catalytic activ-
ities [2]. Nanoparticles that are produced using environ-
mentally friendly methods (green synthesis) have become 
more popular for drug delivery systems, than chemical 
and physical approaches due to their advantages in rapid 
development, economy, and biodegradable, which negate 
the need for harmful chemicals, high temperatures, and 
pressure [3]. The unique properties of nanoparticles have 
a great deal of potential to increase the specificity for 
disease detection and treatment and it could aid in over-
coming the restrictions [4]. There are various classes of 
nanoparticles, including lipid-based nanoparticles and 
inorganic nanoparticles. There are several different nano-
particles being synthesized at the moment, including gold, 
titanium, silver, and palladium. Recent data indicates that 
gold nanoparticles are highly effective in delivering cancer 
drugs [5]. Thus, they have displayed exceptional proper-
ties including enzyme-mimicking abilities that are similar 
to those of peroxidase, oxidase, catalase, superoxide dis-
mutase, or reductase. Due to the availability of numerous 
bioactive components, the production of gold nanoparti-
cles using plant and seaweed extract drew increased atten-
tion and also said to be non-toxic nanoparticles [6]. At a 
point when administered to cells and tissues, functional-
ized gold nanoparticles display good biocompatibility and 
controlled distribution patterns, making them particularly 
excellent candidates for the foundation of novel therapeu-
tics drugs [7].

The term “cancer” refers to a group of genetic func-
tions that are developed by human cells when they go from 
normal states to neoplastic growth stages. More specifi-
cally, these functions are essential for the formation of 
malignant tumors [8]. As one of the most lethal forms 
of cancer, lung cancer occurrences and deaths are on the 
rise globally, with an estimated 2.09 million additional 
cases and 1.76 million more fatalities [9]. Lung and glio-
blastoma are the most dangerous cancer worldwide. Based 
on data from the National Centre for Health Statistics’ 
death-certificate mortality records, the predicted rate of 
cancer is higher than other diseases [10]. Recently, cancer 
research has made significant advancements. Despite great 
improvements in therapy, it is still a major concern for 
global health today. Preventive measures and early detec-
tion may reduce the number of cancer fatalities [11], but 

treatment options for advanced stages of cancer include 
some therapies such as chemotherapies, immunothera-
pies, and nanoparticle drug delivery. Numerous applica-
tions that are continually being developed for use in the 
diagnosis, detection, imaging, and therapy of lung cancer 
demonstrate the enormous potential of nanoparticle-based 
medicine [12]. Understanding the biology of the tumor, the 
microenvironment, and the interaction between cancerous 
cells and nanoparticles is essential for developing effective 
ways for selective drug delivery to lung metastases and 
tumours [13].

The rise of multidrug-resistant bacteria is a major public 
health problem since it has resulted from improper antibiotic 
usage, which has led to longer hospital stays, higher medical 
costs, and even death in certain cases. Thus, a cost-effective, 
comprehensive antibiotic is needed, and using nanoparticles 
to treat drug-resistant bacteria is especially appealing [14]. 
In nanotherapy, the nanoparticles are developed from vari-
ous bioactive compounds that combine with a drug at the 
point of delivery. To increase drug effectiveness and lessen 
negative effects, they alter the pharmacokinetic parameters 
of the drug [15]. The features of 10–100 nm nanoparticles 
have attracted a lot of interest in drug delivery. Its decreased 
availability in blood flow and tissues is due to its extraordi-
narily high surface-area-to-volume ratios and the fact that 
immune cells can digest particles larger than 100 nm [16]. 
In the past few years, microbes can produce nanoparticles 
either intracellularly or extracellularly through a variety of 
mechanisms [17]. But at present, seaweeds are widely used 
for nanoparticle synthesis because they have numerous bio-
active molecules with an excellent antioxidant capacity [18].

Seaweeds are an abundant source of several different 
types of bioactive chemicals, including polyphenols, pro-
teins, carotenoids, minerals, vitamins, and polysaccha-
rides. The functional groups such as carboxylic, amino, and 
hydroxyl molecules in the seaweed phytonutrients act as an 
efficient metal-reducing agent as well as a capping agent in 
order to create a strong coating on the metal nanoparticles in 
a single stage of production [19]. Seaweed has been found to 
have a variety of biological properties, including antibacte-
rial, antifungal, and anticancer actions, among others due 
to the bioactive chemical compounds [20]. Although there 
are several reports of metal nanoparticle synthesis using ter-
restrial plants, there is less evidence of AuNP fabrication 
utilizing sustainable marine habitats such as seaweeds. Red 
marine algae found in seaweed are used in the production 
of nanoparticles because they are thought to be extremely 
effective living marine resources that are renewable [21]. 
Halymenia, a genus of red marine algae, has a wide num-
ber of species that have been found in Indo-Pacific coastal 
region. Previous reports described that metal nanoparticles 
were developed from Halymenia dilatata [22] and H. pory-
phyroides [23] for biomedical applications. To the best of 
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our knowledge, a paucity of data on the development of 
nanoparticles use H. psudofloresii and its pharmacological 
properties. Thus, in the present study, we investigated the 
possibility of using an aqueous extract of H. psudofloresii in 
the production of AuNPs and their antioxidant, antibacterial, 
and anticancer activities.

2 � Materials and methods

2.1 � Collection of seaweed

The coastal region of Mandapam, Tamil Nadu, India 
(916′51″ N, 7910′37″ E) is where the fresh red marine algae 
Halymenia pseudofloresii was collected. After being cleaned 
with both tap water and distilled water, the sample was sub-
sequently dried off. An electric blender was used to grind the 
dried seaweed, and the powder was kept in a sterile container 
for later usage.

2.2 � Chemicals used

Synthesis of gold nanoparticles was carried out using 
gold III chloride solution (HAuCl4). For cancer cell cul-
ture, Dubecco’s modified Eagle’s medium (DMEM), fetal 
bovine serum (FBS), phosphate-buffered saline (PBS)-
PH-7.4, trypsin–EDTA, antimycotic solution, antibiotic 
solution, and Tryptan Blue were used. In vitro, anticancer 
activity was tested using dimethyl-2-thiazolyl)-2,5-diphe-
nyl-2H-tetrazolium bromide (MTT), dimethyl sulfoxide 
(DMSO), methanol, glacial acetic acid, crystal violet, acri-
dine orange, and ethidium bromide. These chemicals were 
bought from Gibco, Thermo Fisher Scientific, and HiMedia 
in Mumbai, India.

2.3 � Preparation of Halymenia pseudofloresii 
aqueous extract

At the time of the preparation process, 1 g of algae powder 
was dissolved in 100 mL of distilled water to create an aque-
ous extract. After 20 min of heating the mixture at 60 °C, 
the Whatmann No. 1 filter paper was used to separate the 
extract. The synthesis of Hp-AuNPs was carried out using 
the filtrate.

2.4 � Biosynthesis of gold nanoparticles

The gold nanoparticles were synthesized by reducing 70 mL 
of 1 mM HAuCl4 with 30 mL of H. pseudofloresii extract 
in a beaker at 60 °C for 20 min with continuous stirring 
using a magnetic stirrer. After 20 min, the reaction mixture 
changed its color from pale yellow to dark purple color. The 
gold colloidal solution was monitored UV spectroscopically 

at a 1-h time interval. After the complete reduction reac-
tion, a colloidal solution containing gold nanoparticles was 
obtained by centrifuging the mixture at 12,000 rpm [24]. 
The obtained pellet form of Hp-AuNPs was dried for char-
acterization analysis.

2.5 � Characterization of synthesized gold 
nanoparticles

The goal of gold nanoparticle synthesis is to investigate the 
properties, which was done using various analytical tech-
niques. That they were initially assessed using double-beam 
UV–Vis spectroscopy, which is the most important method 
to detect nanoparticle existence, at various wavelengths 
between 400 and 700 nm (double beam UV-spectrophotom-
eter, Perkin-Elmer MA, USA). Then, the structural char-
acterization of Hp-AuNPs was determined using the SEM 
(CM200, PHILIPS, Netherland). Every existing particle has 
a type of face that mean diffraction pattern of crystalline 
structure. So, we used XRD method to determine the crystal-
line composition of the biosynthesized Hp-AuNPs (Bruker 
AXS, Inc. Madison, USA). Knowing the functional group of 
the particle in question is crucial for every practical aspect 
of the experiment. In this case, Fourier transform infrared 
spectroscopy was used to make the determination of func-
tional groups capped on the Hp-AuNPs (FTIR Perkin-Elmer, 
MA, USA).

2.6 � Antioxidant activity

2.6.1 � DPPH radical scavenging assay

The DPPH free radicals quenching ability of Hp-AuNPs 
were analyzed to measure the antioxidant properties. The 
various concentration of biosynthesized Hp-AuNPs (10, 20, 
30, 40, and 50 µg/mL) were added to the 0.1-mM DPPH 
solution in ethanol. The purple-colored solution was trans-
formed into a colorless solution after 30 min of incubation. 
The absorbance at 517 nm was then measured using UV 
spectrophotometry. The following equation was used to get 
the percentage of inhibition [25].

2.7 � Antimicrobial activity

The microbial activity of synthesized Hp-AuNPs were 
determined by agar well diffusion method against clinical 
pathogens. The test culture of Lactobacillus, Staphylococcus 
aureus, Pseudomonas aeruginosa, and Vibrio cholerae were 
maintained in Luria Bertani broth. The cultured bacterial 

DPPH Radicals scavenging % inhibition =
ControlOD − TestOD

ControlOD
× 100
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species was swabbed on Muller Hinton agar in the petri 
plates separately. Then, gel puncture was used to create the 
four wells, each of which has a diameter of 6 mm. Various 
concentration of synthesized Hp-AuNPs (25, 50, and 100 μg/
mL) and standard antibiotic as a control was poured into the 
well. The drug-loaded petri plates were incubated at 37 °C 
for 24 h. The inhibitory effect was recorded based on the 
zones formed in the culture plates, and the diameter of the 
zone of inhibition was measured in millimeters [25].

2.8 � Anticancer activity

2.8.1 � Cancer cell culture

The human lung cancer cells (A549) and glioblastoma 
cells (LN-18), which were used for anticancer studies, were 
bought from National Centre for Cell Science (NCCS), 
Pune, India. Each cell line was cultured on DMEM (Dul-
becco’s modified Eagle’s media) as per the general protocol, 
with the addition of necessary components including 10% 
FBS, 1% antibiotic, and antimitotic solution and maintained 
at 37 °C in a CO2 incubator. The T-25 tissue culture flasks in 
which these cell lines were placed, underwent a subculture 
process every 3 days.

2.8.2 � MTT assay

The primary goal of the MTT analysis was to assess the 
cytotoxicity of produced Hp-AuNPs against lung and glio-
blastoma cancer cells. In this analysis, the 90% confluent 
cell lines were trypsinized and loaded into the 96-well plate 
in the density of 2 × 104 cells/well. After 24 h of incubation, 
spent media was discarded and cancer cells were treated 
with the Hp-AuNPs as an anticancer drug at the concentra-
tion range of 3 to 50 µg/mL; one was kept as a control well 
that is not treated with Hp-AuNP. Next day, drug-treated 
cells were rinsed with PBS buffer and stained with 5 mg/mL 
concentration of MTT reagent (100 µL) and then incubated 
for 4 h in a CO2 incubator to obtain the desired results. After 
some time, crystals started to form; these crystals were then 
completely solubilized by adding 50 µL of DMSO solution. 
Finally, the cell viability was measured at 450 nm using an 
ELISA microplate reader and the percentage inhibition and 
IC50 concertation were calculated [26].

2.8.3 � Clonogenic assay

Clonogenic tests are an extremely helpful tool for determin-
ing the anticancer agents that inhibit or destroy cancer cell 
colonies [27]. For this activity, the fully confluent A549 cells 
were loaded to a 6-well plate (7.5 × 104 cells/well). Then, the 
objective of forming colonies, the cells were cultured for 
72 h at 37 °C in a CO2 incubator. Then, at different doses 

(10, 20, and 30 µg/mL), the prepared or biosynthesized gold 
nanoparticles are added to the cultivated cell line present 
in the well plate, with the untreated cells in the wells serv-
ing as the control. Cells were rinsed with PBS and given a 
1-mL fixing solution for 5 min after being exposed to the 
drug treatment for 24 h. After removing the fixing solution, 
0.5% crystal violet dye was added and incubate the mixture 
for 2 h at room temperature. After that stanning procedure, 
that crystal violet was washed off with running water, the 
plates were air-dried, and colonies were counted using an 
inverted microscope.

2.8.4 � Apoptotic assay

Apoptosis activity was analyzed by reactive oxygen species 
generation assay. First, the required concentration of A549 
cells was added to 6-well plates and allowed to grow for 
24 h. The cells were treated with IC50 concentration of Hp-
AuNPs, untreated cells acted as a control and were incubated 
for 24 h. After drug treatment, 1 mg/mL of 2,7-dichlorodihy-
drofluorescein diacetate (DCF-DA) stain was used to deter-
mine the generation of ROS level in the Hp-AuNPs treated 
cells. The DCF-DA dye-treated cells were examined using 
fluorescence microscopy in order to identify the apoptosis-
induced cells [28].

3 � Results

3.1 � Synthesis of gold nanoparticles using H. 
pseudofloresii

The synthesis of gold nanoparticles was performed by the 
reduction process with H. pseudofloresii extract. Respec-
tively, at the initial stage of the reaction, solution remains 
colorless, after 30 min of heating condition the solution 
started to change its color rapidly. The reduction of gold 
ions into gold nanoparticles was visually confirmed by the 
color change of the colorless solution to deep purple color 
after 1 h of reaction (Fig. 1A).

3.2 � UV Spectroscopy characterization of Hp‑AuNPs

Monitoring the reduction reaction between H. pseudoflo-
resii and chloroauric acid was accomplished by the use of 
UV spectroscopy. At the initial stage of the reduction reac-
tion, there is no progression in the surface plasmon reso-
nance peak. The SPR peak rapidly increased and was clearly 
observed at 545 nm, after 1 h of incubation which confirmed 
the formation of Hp-AuNPs (Fig. 1B). In this observation, 
there was no variation in SPR peak value after the com-
plete reduction of gold nanoparticles proved the stability of 
nanoparticles.
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3.3 � XRD analysis of Hp‑AuNPs

The crystalline structure of the gold nanoparticles produced 
by H. pseudofloresii is confirmed using the X-ray diffraction 
(XRD) technique. A typical XRD pattern of biosynthesized 
Hp-AuNPs were displayed in the intensity between 20 and 
80°. The XRD spectrum showed 3 major peaks at 2Ɵ value 
(Fig. 1C). The diffraction peaks of Hp-AuNPs were detected 
at 2Ɵ values of 38.30, 44.53, 64.73, and 77.70, which cor-
responded to the crystal plans of (111), (200), and (222), 
respectively. All of the peaks in the diffraction pattern could 
be indexed to the face-centered cubic structure of the metal 
nanoparticles. The crystalline structure of AuNPs developed 
by red seaweed is quite similar to that previously described 
standard JCPDS No-03–065-2870.

3.4 � FTIR analysis of Hp‑AuNPs

The FTIR technique was utilized for the identification of 
biomolecules present in the aqueous red seaweed extract-
capped gold nanoparticles. The FTIR spectra of syn-
thesized Hp-AuNP displayed bands at 1637, 2110, and 
3302  cm−1 (Fig.  1D). These absorption peaks denote 
compounds involved in the nanoparticle reduction mecha-
nism. The vibrations of the conjugated alkene compounds 
(C = C stretching) were identified from the medium peak of 
1637 cm−1. The (C = C stretching) of alkyne groups (pro-
tein molecules) was shown by the relatively faint signal 
at 2110 cm−1. The carboxylic acid presence is shown by 
the prominent peak that was absorbed at 3302 cm−1 (O–H 
stretching of phenolic compounds). This peak confirms the 

presence of proteins and phenolic compounds in the biosyn-
thesized Hp-AuNPs.

3.5 � SEM analysis of Hp‑AuNPs

The morphological characteristic of synthesized Hp-AuNP 
particles were observed to be well dispersed as seen in the 
scanning electron microscope. The size range of the particles 
was observed in various magnifications and the Hp-AuNP 
size range from 22 to 38 nm, with an average size of 27 nm. 
The analysis showed that the biosynthesized Hp-AuNPs 
were mostly cubic and rectangular, and some particles were 
irregular-shaped (Fig. 2).

3.6 � Antioxidant activity

The DPPH free radical scavenging experiment was used 
to evaluate or examine the antioxidant activity of H. pseu-
dofloresii and Hp-AuNPs. Various concentration range of 
(10–50 µg/mL) test samples and standard sample (ascor-
bic acid) was investigated for DPPH scavenging assay. The 
increased free radical scavenging ability was observed based 
on the test samples concentration ranges from low to high. 
In this analysis, 73% of DPPH radicals inhibited by biosyn-
thesized Hp-AuNPs at the concentration of 50 µg/mL. Simi-
larly, H. pseudofloresii showed 60% of radical scavenging 
ability. The obtained finding showed moderately significant 
inhibition compared to standard ascorbic acid (Fig. 3). The 
antioxidant experiment demonstrated that the H. pseudo-
floresii mediated AuNPs have a high capacity to scavenge 
DPPH radicals.

Fig. 1   Conformational and 
characteristics analysis of bio-
synthesized Hp-AuNPs
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3.7 � Antibacterial activity

The green synthesized Hp-AuNPs were tested for their 
antibacterial ability against some disease-causing bacte-
rial species by the agar well diffusion technique. At varying 
doses (25, 50, 100 µg/mL), Hp-AuNPs significantly inhib-
ited the expansion of Gram-positive bacteria (Pseudomonas 

aeruginosa and Lactobacillus) and Gram-negative bacteria 
like (Staphylococcus aureus and Vibrio cholera) represented 
in the Fig. 4A. The Hp-AuNPs are more effective against S. 
aureus (24 mm), Lactobacillus (23 mm), and P. aeruginosa 
(22 mm) and significantly less effective against V. chol-
erae (20 nm). This analysis demonstrated the Hp-AuNPs 
treated pathogens effectively controlled by a dose-dependent 

Fig. 2   Scanning electron microscope analysis for the study of structure and shape (A, B, and C)

Fig. 3   Antioxidant activity by 
DPPH free radical scavenging 
experiment and analyzed
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manner (Fig. 4B). High concentration of gold nanoparticles 
induced maximum zones whereas less concentration induced 
minimum zone; the zone of inhibition confirmed the bacte-
ricidal activity of biosynthesized Hp-AuNPs.

3.8 � Anticancer activity

3.8.1 � Cytotoxic activity (MTT assay)

By using the MTT assay, the cytotoxic activity of Hp-
AuNP was evaluated in human lung cancer (A549) cells 
and glioblastoma cells (LN-18). Hp-AuNP was applied to 
both cancer cells for the screening cytotoxicity at concen-
trations ranging from 3 to 50 µg/mL, and the nanodrug-free 
cells served as the control group. The gold nanoparticles 
treated cells growth was reduced, and the cells were dam-
aged compared to control cells. The lung cancer cell percent-
age inhibition was increased from 33.57 to 64.864% based 
on less to higher concentrations of Hp-AuNPs, and the half 
inhibitory concentration (IC50) value was found at 19.02 µg/
mL (Fig. 5). Likewise, glioma cancer cell inhibition was 
increased from 32 to 55.4% and its IC50 was found to be 
32.46 µg/mL (Fig. 6). This analysis demonstrated the syn-
thesized Hp-AuNPs were effective against lung cancer cells 
at less IC50 concentration when compared to glioblastoma 
cell lines.

3.8.2 � Clonogenic assay

A colony formation experiment was carried out to meas-
ure the inhibition of A549 lung cancer cells prolifera-
tive after treatment with Hp-AuNPs. This was accom-
plished by treating highly colonized cancer cells with 
three different concentrations (10, 20, and 30 µg/mL) 
of Hp-AuNPs for 24 h while incubating in the standard 
culture conditions and then analyzing the inhibition of 
colony formation. According to the findings, Hp-AuNPs 
treated cells considerably and dose-dependently reduced 
the A549 cell colonies when compared with untreated 
control cells (Fig. 7). When A549 cells were treated with 
20 µg/mL of Hp-AuNPs, the colony growth was reduced 
by more than 50%. Similarly, Hp-AuNPs at 30 µg/mL 
dose suppressed 90% of lung cancer cell colonies. The 
outcome of this study demonstrated the tremendous 
anti-proliferative potential of seaweed-synthesized 
Hp-AuNPs.

3.8.3 � Apoptotic assay

The imbalance between reactive oxygen species and anti-
oxidant levels plays a pivotal role in tumor development. 
Apoptosis (cell death) in cancer cells may be triggered 
by an accumulation of reactive oxygen species. The ROS 

Fig. 5   Anticancer activity of 
Hp-AuNP. A MTT cytotoxic-
ity assay control and Hp-AuNP 
treated cell. B Cytotoxicity on 
A549 cells

Fig. 6   Anticancer activity using 
Hp-AuNP. A MTT cytotoxic-
ity assay control and Hp-AuNP 
treated cell. B Cytotoxicity on 
LN-18 cells
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generation assay proved that there was an increased level 
of ROS in the Hp-AuNPs-treated A549 cell line. In this 
analysis, green fluorescence was found to be elevated in 
the A549 cells subjected to 20 µg/mL of Hp-AuNPs com-
pared to the control (Fig. 8A), indicating the onset of 
apoptosis in lung cancer cells. The Hp-AuNPs effectively 
induced 73% of apoptotic cells shown in Fig. 8B. This 
analysis proved that biosynthesized gold nanoparticles 
have a tendency to induce apoptosis cells.

4 � Discussion

Nanoparticles, particularly green synthesized gold nano-
particles have emerged to receive a lot of interest in recent 
times, because of the increased applications in the pharma-
cological field as a nano drug [29]. It is essential to enhance 
environmentally acceptable techniques of nanoparticle syn-
thesis using toxic-free marine resources. Recently, there 
has been a rise in activity all over the globe in the search 
for novel therapeutic medications derived from seaweeds to 

Fig. 7   Clonogenic assay on 
A549 cells. A Control cells, B 
10 µg/mL of Hp-AuNPs treated 
cells, C 20 µg/mL of Hp-AuNPs 
treated cells, and D 30 µg/mL of 
Hp-AuNPs treated cells

Fig. 8   Apoptotic activity using 
Hp-AuNP. A ROS generation 
assay control and Hp-AuNP 
treated A549 cell. B Apoptosis 
induced cell percentage
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treat bacterial infections and cancer [30]. Therefore, in this 
study, the gold nanoparticles were developed from an aque-
ous extract of H. pseudofloresii, a red seaweed species, and 
then, we used a variety of in vitro assays to examine its broad 
spectrum of biological activities, including antioxidant, anti-
bacterial, and anticancer effects. The optical properties of 
manufactured Hp-AuNPs were investigated using UV–vis 
spectroscopy, which identified an SPR peak at 545 nm as 
a result of a reduction process involving chloroauric acid 
and seaweed extract. This signal was caused by the conver-
sion of gold ions to gold nanoparticles and surface plasmon 
resonance factors of gold [31]. The polyphenolic compounds 
present in the red seaweed species serve as a capping agent 
and help to stabilize the nanoparticles [32]. The presence 
of phenolic groups and protein molecule in the biosynthe-
sized Hp-AuNPs were verified by FTIR analysis. The aver-
age size of H. pseudofolresii synthesized gold nanoparticles 
was found to be 27 nm using scanning electron microscopy, 
and the Hp-AuNP crystalline structure was confirmed by 
XRD analysis. Significantly similar results were found in the 
previously synthesized AuNPs from various seaweed species 
such as Lobophora variegada [33], Halymenia dilatata [22], 
and Champia parvula [24]. However, compared to previous 
reports, the Hp-AuNPs were synthesized rapidly through 
green synthesis technique.

An easy and effective technique of DPPH radical scav-
enging tests was used in order to investigate the anti-oxi-
dant capacities of both the H. pseudofolresii extract and 
Hp-AuNPs. DPPH is of stable free radicals; oxidative stress 
occurs due to excess levels of free radicals accumulated in 
the body, which may cause harm to healthy cells [34]. Multi-
ple types of research highlighted the anti-oxidant capabilities 
of edible plants that included a high concentration of phe-
nolic chemicals. Phenolic components found in plants are 
one of the most important classes of antioxidants and free 
radical scavengers [35]. Seaweeds are a rich source of anti-
oxidant molecules that could reduce the accumulation of free 
radicals in the body. Here, biosynthesized gold nanoparticles 
showed more effective antioxidant potential than seaweed 
extract. The synthesized AuNPs have a wide surface area, 
which serves to accelerate the absorption of phytochemical 
compounds; as a result, the antioxidant activity was greater 
in the produced particles than the extract [36].

In spite of remarkable development in medical treatment, 
bacterial diseases remain a critical risk to human health [37]. 
Gold nanoparticles have a kind of features, including their 
size, their ability to adhere to a wide variety of molecules, 
and their optical properties; such particles are an excellent 
prospect for both chemical and biological applications [38]. 
In addition, naturally occurring substances in seaweeds have 
been studied as a possible source of novel therapeutic medi-
cines for a range of bacterial infections [39]. Hence, in the 
present research, agar well diffusion methodology was used 

to assess the antimicrobial activity of the synthesized Hp-
AuNP against gram-positive bacteria such as Lactobacillus, 
S. aureus, and two gram-negative bacteria P. aeruginosa 
and V. cholerae. Among the above pathogens, Gram-posi-
tive bacteria S. aureus showed a higher zone of inhibition 
compared to others. It is because these bacteria’s cell wall 
composition is different. Gram-negative bacteria’s outer 
membrane has a very strong negative charge because of the 
presence of phospholipids and lipopolysaccharide, whereas 
the cell wall of Gram-positive bacteria is negatively charged 
because phosphate is a component of its cell wall composi-
tion [40]. The inhibition zone regulates; when metal ions in a 
solution interact with a bacterial cell, they become uniformly 
distributed across the area around the bacterial cell, with no 
particular localization [41]. The antibacterial action of Hp-
AuNPs is caused by the denaturation of a bacterial cell wall, 
the slowdown of the respiratory function, the destruction of 
the outer membrane, and the suppression of pathogenic bac-
teria’s intracellular ATP generation. Additionally, the AuNPs 
had a long-lasting electrostatic attraction to the negatively 
charged bi-layer; hence, the particles were able to readily 
migrate into the cells and cause cell death [42].

Nanoparticles (Hp-AuNP) will develop into highly 
effective drug delivery methods for a variety of illnesses, 
particularly cancer by cell apoptosis. In tumor endothe-
lial cells, nanoparticles can typically accumulate in non-
specific ways, such as passive targeting via the increased 
permeability and retention (EPR) effect. One of the big-
gest breakthroughs in the creation of tailored anticancer 
therapy was the discovery of the EPR effect [43]. The gold 
ions in Hp-AuNP can inhibit DNA replication enzymes, 
which prevents the S-phase of the cell cycle from occur-
ring [44]. H. pseudofloresii produced Hp-AuNPs was eval-
uated for their in vitro cytotoxic potential against human 
lung cancer and glioma cancer cells. The Hp-AuNP was 
tested in vitro, and the results indicated possible cytotox-
icity in a dose-dependent manner. Hp-AuNP (19.02 µg/
mL) was determined to be the half-inhibitory concentra-
tion for lung cancer, and for glioblastoma IC50 was found 
to be 32.46 µg/mL. Recent studies show that cytotoxicity 
depends on the stabilizing agent and size of the Hp-AuNP 
[45]. This study showed Hp-AuNPs have a potent anti-pro-
liferation effect on the A549 lung cancer cell. Our research 
confirms previous reports that gold nanoparticles produced 
from Magnolia officinalis [46], Pleuropterus multiflorus 
[47], and Caulepra racemose [48] have a strong cytotoxic 
impact on A549 cancer cells. Cancer cells depend greatly 
on an excessive production of reactive oxygen species, 
which contributes to the malfunctioning of mitochondrial, 
peroxidase, and oxidase activities while enhancing meta-
bolic performance [49]. Additionally, ROS production 
was assessed by H2DCFDA labeling in lung cancer cells 
that had been treated with Hp-AuNPs. Because of their 
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exposure to Hp-AuNPs, cancer cells have been reported 
to have higher levels of reactive oxygen species. In this 
study, the biosynthesized Hp-AuNPs effectively induces 
apoptosis in lung cancer cells and control the cancer cell 
colony formation.

5 � Conclusion

This study describes a simple, rapid, and biological syn-
thesis of gold nanoparticles from marine red algae Haly-
menia pseudofloresii. The reduction of gold ions to gold 
nanoparticles showed SPR peak at 545 nm which was ini-
tially confirmed by UV-spectroscopy. Scanning electron 
microscopy showed the average size of Hp-AuNPs was 
27 nm, and their shapes were mostly cubic, rectangular, 
and irregular. The crystalline character of Hp-AuNPs is 
confirmed by Bragg’s reflection pattern of XRD. In Hp-
AuNP synthesis, the bioactive molecules in the seaweed 
extract acted as a capping agent. The FTIR analysis identi-
fied the biomolecules such as phenol and protein groups 
presented in the gold nanoparticles. Due to the presence 
of bioactive molecules, the Hp-AuNPs effectively suppress 
the DPPH radicals. The antibacterial studies proved that 
Hp-AuNPs effectively destroy the Gram-positive microbe 
S. aureus and Lactobacillus. The Hp-AuNPs exhibited 
effective cytotoxic activity against A549 and LN-18 cells. 
The clonogenic and apoptosis assay revealed lung can-
cer cell proliferation arrest when treated with Hp-AuNPs. 
The findings indicate that red seaweed extract successfully 
acted as a reducing agent of AuNPs, which have natu-
ral antibacterial, antioxidant, and anticancer properties. 
This research demonstrated the H. pseudofloresii extract 
synthesized AuNPs might be used as a source for new 
therapeutic agents in the biomedical field, with the goal of 
preventing a wide variety of human diseases.
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