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Gold nanopartilces was synthesized by biogenic method using Dyctyota dichotoma aqueous extract 

under the bright sunlight in 30 min at pH 7.4. Dyctyota dichotoma aqueous extract acts as a capping 

agent and reduced Au3+ to Au. The synthesized Dd-AuNPs were characterized by UV-vis 

spectroscopy, HR-TEM, DLS, zeta potential. The SPR peak of Dd-AuNPs was obtained at 526nm. 

The Dd-AuNPs was found to be spherical shape with average sizs of 30nm. The synthesized Dd-

AuNPs was highly hemocompatible in human RBCs, which produced <2.5% hemolysis at 

100µg/ml concentration. The Dd-AuNPs has potential anticancer activity and inhibited the growth 

of A549 lung cancer cells in the concentration manner and IC50 was found to be 80µg/ml. Further 

the anticancer activity of Dd-AuNPs was confirmed through the apoptosis analysis by using 

fluorescence staining. Hence, the hemocompatible Dd-AuNPs can be used in biomedical 

application for cancer therapy, drug delivery and so on.  

Keywords: Gold nanoparticles, Biogenic synthesis, Dictyota dichotoma, Sunlight irradiation, 

Hemocompatibility, Anticancer activity. 

 

 

1. Introduction 

Nanotechnology is a promising field that addresses to the challenges of traditional medicine. 

Nanoparticles has special attention duet to size, shape, adaptable surface modification, 
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bioconjugation, optical, electrical and thermal properties1.  Nanoparticles within the size range 

of 1-100nm can be utilized in biomedical applications. Among the different metal 

nanoparticles, gold nanoparticles have great potential due to unique physicochemical feature 

and it has diverse applications in the biomedical field such as gene delivery, drug delivery, 

bioimging, and biosensing2. Facile synthesis of metal nanoparticles by reducing their metal 

salt has been interested in the scientific fields. The nanoparticles can be synthesized by 

physical, chemical and biological methods. Biological synthesis of nanoparticles has gained 

attention compare to physical and chemical methods. The biogenic nanoparticles synthesis 

methods are non toxic, ecofriendly, economic and facile. A physical and chemical method of 

nanoparticles synthesis is required high energy, pressure, sophisticated instruments, and 

involves toxic chemicals3. Previously, several research works have been published on 

synthesis of metal nanoparticles using medicinal plant and plant components extract4,5. 

Recently, Ipek et al., 2024 reported that the suynthesis of gold nanoparticles using Allium cepa 

L. peel aqueous extract6. Kumar et al., 2024 described green synthesis of gold nanoparticles 

using Canthium parviflorum extract7. 

In human, cancer is one of the major causes of morbidity and mortality. Thus, the advance 

methods are necessary in cancer therapy for effective treatment of tumor cells8. Lung cancer 

is the leading cause of cancer death in the United States and around the world. Almost as many 

Americans die of lung cancer every year than die of prostate, breast, and colon cancer 

combined. Lung cancer arises from the cells of the respiratory epithelium and can be divided 

into two broad categories. They are Small cell lung cancer (SCLC) is a highly malignant tumor 

accounts for 15% of lung cancer cases and Non–small cell lung cancer (NSCLC), which 

accounts for the remaining 85% of cases9. Lung cancer is the second most common cancer 

diagnosed in both men and women in the United States and the leading cause of cancer death. 

In 2023, the American Cancer Society estimates that there will be 238,340 new cases of lung 

cancer, and 127,070 people will die from lung cancer, accounting for approximately 20% of 

all cancer deaths. The principal cause of lung cancer is cigarette smoking, which accounts for 

approximately 80% of cases10. The treatment of lung cancer relies on chemotherapy, 

immunotherapy, surgery, and radiation therapy11. All these methods have demerits like 

expensive, time consuming, side effect and so on. Hence, the advance, rapid and cost effective 

therapy method is necessary for cancer. Researchers have been explained that nanoparticles 

mediated cancer diagnosis and treatments are new emerging field in the biomedical sciences. 

Several research works have been published that medicinal plant extract capped nanomaterials 

are inhibited the growth of a malignant cells. Recently, Yayintas et al., 2024 reported that 

AuNPs were successfully synthesized from Nasturtiu. officinale extract. The biosynthesized 

AuNPs exhibited toxicity to and apoptotic effects on A549 lung cancer cells12. Palaniyandi et 

al., 2023 published that the synthesis of AuNPs with the extracts of red algae Halymenia 

pseudofloresii using the green method and synthesized AuNPs AuNPs showed potential 

cytotoxic activity against A549 lung cancer13. Dictyota dichotoma (Hudson) Lamoroux is 

brown seaweed and distributed worldwide from temperate to subtropical regions. The species 

was first described by Hudson (1762) from Walney Island in Lancashire, United Kingdom14. 

The polysaccharide of this seaweed has potential biological activities such anticoagulant, 

antithrombotic, anti-inflammatory, antitumoral, contraceptive, apoptotic, antioxidants and 

antiviral15. The present research work describes the biogenic synthesis of gold nanoparticles 

using Dyctyota dichotoma aqueous extract under the sunlight in biological pH. The 
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synthesized gold nanoparticles were characterized by UV-vis spectroscopy, HR-TEM, DLS, 

zeta potential. Further, the hemocompatibility of Dd-AuNPs were analyzed using human 

RBCs by hemolytic assay and the anticancer activity of synthesized Dyctyota dichotoma 

extract capped gold nanoparticles was evaluated against A549 lung cancer cell line by MTT 

assay and apoptosis analysis. 

 

2. Materials and Methods 

Materials 

 Chloroauric acid was procured from Loba Chemie Pvt Ltd, India. Nutrient Mixture F-12 Ham 

Kaighn’s Modification media, Trypsin phosphate versene glucose, Fetal bovine serum, 

Antibiotic-antimycotic solution were purchased from Himedia Laboratories Pvt Ltd, India. 

MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide, Acridine orange, and 

Ethidium bromide were purchased from Sigma Aldrich, USA. 

Preparation of Dyctyota dichotoma aqueous extract 

Dyctyota dichotoma was collected from Mandapam coastal region, Ramanathapuram district, 

Tamil Nadu, India. The epiphytes and other contaminants were removed from the sample by 

repeated washing with seawater, fresh water and distilled water. 30% (W/V) of aqueous extract 

of Dyctyota dichotoma was prepared using sterile distilled water, clean morter and pestle. The 

extract was centrifuged and filtered by whatman No:1 filter paper and stored at 4ºC for 

nanoparticles synthesis. 

Synthesis of Gold Nanoparticles 

50ml of Chloroauric acid (1mM) was taken in a clean conical flask, in which 1.25ml of 

Dyctyota dichotoma aqueous extract was added and pH of the solution was adjusted to 7.4 

using sodium hydroxide solution. Then the solution mixture was kept under the bright sun 

light. The yellow colour choloroauric acid solution was turned to red colour in 30 minutes that 

confirmed the synthesis of gold nanoparticles.  

Characterization of gold nanoparticles 

UV-visible Spectrophotometer Analysis 

2ml of synthesized gold nanoparticles was taken in a quartz cuvette, the surface plasmon 

resonance (SPR) peak of Dyctyota dichotoma capped gold nanoparticles (Dd-AuNPs) was 

analyzed using Shimadzu –UV 1601spectrometer and the SPR peak was recorded.  

High Resolution - Transmission Electron Microscopy Analaysis 

The size and shape of Dd-AuNPs was analyzed using HR-TEM (FEI TECHNAI G2 MODEL 

T-30-S-TWIN, USA). 5µl of sample was placed in a carbon coated copper grid and allowed it 

to dry overnight. Then the grid was examined in HR-TEM. 

Dynamic Light Scattering Analysis  

In aqueous medium, the hydrodynamic diameter of nanoparticle size was analyzed using DLS 

method (Malvern Instruments, United Kingdom). Synthesized Dd-AuNPs was diluted and 
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loaded in the sample holder using cuvette. The instrument was run at 100VA at 25°C and 232 

kcps with the duration of 60 seconds. 

Zeta Potential Analysis 

The net charge of synthesized Dd-AuNPs was estimated using Nano Series (Malvern 

Instruments, United Kingdom).  The Dd-AuNPs solution was taken in an electrode cuvette 

and placed in the sample holder and the instrument was run at 100VA at 25°C AND 232 kcps 

with the duration of 60 seconds. 

Hemolytic Assay 

The hemolytic assay was performed by previously adopted method Ramadurai et al., 2020 

with little modification16. The anticoagulated blood sample was centrifuged (5000 rpm for 

10min) and the RBCs cell suspension (5% v/v) was prepared with sterile saline solution in 

separate eppendorf tubes. The different concentrations of Dd-AuNPs (20, 40, 60, 80 and 

300µg/mL) were added to the RBCs suspension and incubated at 37°C for 1h. Then, all the 

tubes were centrifuged at 5000rpm for 10min and the supernatant solution was used for 

hemolysis analysis and the OD value was calculated at 540nm. The hemolysis (%) was 

calculated by the following formula. 

Hemolysis (%) = [ODtest  ̶  ODblank] / [ODpositive control  ̶  ODblank]×100 

In-vitro Anticancer Efficacy of Dd-AuNPs 

A549 human lung cancer cell line was obtained from National Centre for Cell Science 

(NCCS), Pune, India. The cells were maintained in Dulbecco’s Modified Eagle Medium 

(DMEM). Anticancer activity of Dd-AuNPs was analyzed using A549 human lung cancer cell 

line by MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay17.18. 

Briefly, 1×104 cells/well were cultured in 96 well plates and incubated at 37ºC in a 5% CO2 

incubator for 24 h. The cells were treated with different concentration of Dd-AuNPs (20, 40, 

60, 80, 100μg/mL) for 24 h. 10μL of MTT was added to all the wells and the plate was 

incubated 3h in dark condition. Finally, the formazan crystal was dissolved by adding 100μL 

of DMSO. Then the purple colour, measured by ELISA reader (BIO-TEK, Power wave-XS) 

at 570 nm. The cells viability was calculated by the following formula. 

Cell viability (%) = [OD of test sample] / [OD of control] ×100 

Apoptosis Analysis 

The effect of Dd-AuNPs in apoptosis was analyzed using Acridine orange/Ethidium bromide 

(AO/EtBr) fluorescence staining method19. A549 cells were cultured in the 6 well plate with 

DMEM medium. Then the cells were treated with IC50 (80μg/mL) concentration of Dd-AuNPs 

and incubated for 24h. After that, the untreated and treated cells were stained with AO/EtBr 

stain mixture. The stained cells were analyzed in the fluorescence microscope (Leica DMi8, 

10X). 

Statistical Analysis 

All the data were evaluated using the statistical software SPSS/16. Hypothesis-testing methods 

included one-way analysis of variance (ANOVA) followed by least significant difference test. 

P-values less than 0.05 were considered statistically significant. All the results were expressed 
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as mean ± standard deviation (n = 3). 

 

3. Results and Discussion 

Synthesis of Dd-AuNPs 

The present research work describes about the biogenic, Dyctyota dichotoma aqueous extract 

mediated synthesis of gold naoparticles under the bright sunlight. The light yellow colour gold 

chloride solution was changed to red colour after adding the Dyctyota dichotoma aqueous 

extract in 30 minutes at pH:7.4 (Figure 1). Dyctyota dichotoma aqueous extract acts as a 

capping agent and reduced Au3+ to Au. The plant and seed extract of enzymes, proteins, sugars, 

and phytochemicals like phenolics, flavanoids, terpenoids, cofactors and so on acts as reducing 

and stabilizing agents20. This biogenic and sunlight mediated synthesis of nanoparticles is a 

cost effective, facile, and non toxic eco-friendly method21. Here we have used sunlight as a 

catalyst for synthesis of AuNPs. The physical and chemical methods are costly, toxic chemical 

were used for nanoparticles synthesis and need sophisticated instruments for nanoparticles 

synthesis22,23.  

 

Figure 1: Schematic representation of synthesis of gold nanoparticles using Dyctyota 

dichotoma aqueous extract under the bright sunlight irradiation. 

Characterization of Dd-AuNPs 

UV-visible spectroscopy 

The UV-visible spectroscopy is a preliminary characterization technique to confirm the optical 
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nanoparticles synthesis. Generally, The AuNPs are produced SPR peak between 500 to 

550nm24. The synthesized Dd-AuNPs was produced SPR peak at 526nm that confirmed the 

AuNPs synthesis (Figure 2). The obtained SPR peak was appeared in sharp, single peak that 

means the particles is in small size and homogenous. The morphology of the NPs is depending 

on the extract concentration, composition, pH, temperature and reaction time25,26. 

 

Figure 2: UV-visible spectroscopy analysis of Dd-AuNPs 

Dynamic light scattering (DLS) analysis 

The size of the nanoparticles in the liquid medium was calculated by DLS method. The average 

size of the Dd-AuNPs in the water was found to be 47.6nm (Figure 3). Dd-AuNPs size was 

based on measuring the time dependent fluctuation of scattering of laser light by NPs 

undergoing Brownian movement27. The particles with such smaller size can be widely used 

for drug delivery applications because they will easily penetrate into the cell membranes and 

have good suspensibility28. 

 

Figure 3: DLS analysis of Dd-AuNPs produced average size of 47.6nm 
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Zeta potential analysis 

The total surface charge of the nanomaterials was calculated by zeta potential and it was found 

to be -29.5mV (Figure 4). The zeta potential is deduced from the electrophoretic mobility of 

nanoparticles, it indicates the degree of repulsion between adjacent, similarity charged 

particles29. This strong negative charge of Dd-AuNPs is responsible for prevent the 

aggregation of particles, exhibiting excellent stability and suggesting less toxicity to normal 

cells30. 

 

Figure 4: Zeta potential of Dd-AuNPs was found to be -29.5Mv 

HR-TEM analysis of Dd-AuNPs 

The size and shape of Dd-AuNPs was analyzed through the HR-TEM. The Dd-AuNPs were 

spherical in shape with monodispersity. The particle size was between 10 to 45nm, and the 

average particles size was found to be 30nm (Figure 5). The detection of size and shape of 

nanoparticles is very important in biological applications. A small size nanomaterials is easily 

cross the cell membrane and it can be used for diverse biomedical application such as drug 

delivery, gene delivery, biosensing, and so on.  

 

 

 

 

 

 

 

 

 

 

Figure 5: The size and shape of Dd-AuNPs were analyzed by HR-TEM. 
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Hemolytic Assay 

Hemolytic assay is an important and reliable experiment to check the biocompatibility of a 

material. Hemolysis in-vivo causes harmful effect, so the blood compatibility of nanomaterials 

is initially evaluated by hemolytic assay using human RBCs31. The synthesized Dd-AuNPs 

induced 0.5% and 2.25% hemolysis for 20μg/mL and 100μg/mL concentration respectively 

(Figure 6). Previously reported research work has explained that any materials induced >5% 

of hemolysis at a particular concentration, it will not be suitable for biological applications32.  

 

Figure 5: The hemocompatibility of Dd-AuNPs was analyzed by hemolytic assay. 

Anticancer activity of Dd-AuNPs 

MTT assay is widely used to determine the cytotoxicity of a material. Hence, antiproliferative 

effect of Dd-AuNPs was analyzed by MTT assay. The viable cells are utilized MTT and 

converted to formazan crystals by their mitochondrial dehydrogenase enzymes. Further, the 

formazan crystal is dissolved by DMSO and the cell viability was calculated based on the 

intensity of OD value33. The cell viability of Dd-AuNPs were found to be 90.34%, 78.68%, 

64.18%, 50.28%, and 33.96% for 20, 40, 60, 80 and 100µg/ml concentration respectively 

(Figure 7). Dd-AuNPs inhibited the growth of A549 lung cancer cells in the concentration 

manner. Cancer cells are highly metabolic and porous in nature, hence internalize the solutes 

rapidly than the normal cells34. The IC50 concentration of Dd-AuNPs was found to be 80µg/ml, 

this concentration was used for the further apoptosis analysis.  
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Figure 7: Anticancer activity of Dd-AuNPs analyzed by MTT assay 

Apoptosis analysis 

Apoptosis is a programmed cell death. The apoptotic effect of Dd-AuNPs was analyzed using 

acridine orange/ethidium bromide staining. In figure 8, the live and normal cells were appeared 

in green color in the control, whereas Dd-AuNPs treated cells appeared yellowish green, 

orange and reddish orange of apoptotic cells35. The obtained results confirm that the Dd-

AuNPs inhibited the growth of A549 lung cancer cells through the Apoptosis. 

 

Figure 8: Anticancer activity of Dd-AuNPs analyzed by apoptosis using AO/EtBr 

fluorescence staining 

 

4. Conclusion  

The AuNPs was synthesized in a facile, cost effective, eco-friendly biogenic method using 

Dyctyota dichotoma aqueous extract. The Synthesized Dd-AuNPs was exhibited in spherical 

shape with average size of 30nm. Due to the strong negative surface netcharge of Dd-AuNPs 
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(-29.5mV), it has high stability and the particles will not get aggregation. This stable Dd-

AuNPs has highly hemocompatible nature in RBCs and anticancer activity against A549 

human non small lung cancer cell line. It inhibited 50% of cancer cell growth at 80µg/ml 

concentration, which was analyzed by MTT cell viability assay and apoptosis analysis by 

AO/EtBr fluorescence staining. Hence, this biogenic Dd-AuNPs can be used for various 

biomedical applications of cancer therapy. 
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