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Abstract 

In the present study a simple and eco-friendly synthesis of AuNPs using stem extract of C.reflexa has been 

carried out. The colour changed from light yellow to purple colour which indicates the synthesis of AuNPs. 

The synthesised NPs showed SPR at 562 nm. SEM and TEM analysis confirmed that the particles were 

spherical in shape and mean particle size was 48nm. Hydrodynamic radius of NPs was estimated to be 76 nm 

with -31.6 mV zeta potential when the colloidal solution was analysed by DLS.  FTIR spectroscopy 

confirmed various biomolecules such as proteins, flavonoids, and phenolics were responsible for capping and 

stabilizing the AuNPs. Antibacterial activity of AuNPs investigated using disc diffusion method revealed 

significant inhibitory activity against E.coli and S.aureus. The nanoparticles also showed potential anticancer 

activity against HeLa (human cervical) cell line. It is an interesting study showing the stem extract of 

C.reflexa acting as an efficient reducing agent in the formation of AuNPs with significant activity against 

human pathogenic bacteria and cytotoxic effect on HeLa cell line. 
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Introduction 

Nanoscience is an emerging research field with 

numerous applications in pharmaceutical and 

biological science. Owing to its large surface area 

to volume ratio, NPs exhibit unique physical, 

chemical, and biological properties. Different 

methods such as physical, chemical have been 

used previously for NPs synthesis but they have 

their own limitations. Physical methods needs 

high energy consumption and chemical method 

where chemicals act as reducing agents can cause 

toxicity to human health and the environment. [1-

5] So the only replacement to the physical and 

chemical method is biological method for the 

synthesis of metal NPs which is done by using 

bacteria, fungi, algae, and plants etc. [6,7] 

Biological method using plants is more preferable 

as it is nontoxic, highly stable, contain large 

amount of phytoconstituents, and can easily be 

scaled up. The bio-actives present in the plant 

extract act as reducing agent which reduces the 

metal ion into metal NPs with specific shape, size 

and biological activities. The mechanism behind 

the synthesis of metallic NPs includes the 

reduction of metal salt using phytoconstituents 

present in the plant extract, nucleation and further 

growth of NPs and in the end the biomolecules act 

as stabilizing and capping agent for the metallic 

NPs. [8-10] 

 

The morphological nature of the biosynthesized 

metallic nanoparticles could be altered by several 

parameters like amount of plant extract, quantity 

of precursor used, pH, temperature, and reaction 

time. These factors should be considered and 

monitored while preparing metallic nanoparticles 

as they play a significant role in formation of NPs 

with distinctive properties and promising 

applications which can be easily scaled up. 

[11,12] Gold NPs have gained significant 

attention among different metallic NPs because of 

its easy fabrication, low toxicity, cost effective, 

high stability, optical properties and their varied 

application in different fields such as catalyst, 

drug delivery, photo thermal therapy, gene and 

drug delivery, optics, antimicrobial, anticancer, 

bio sensing and in cosmetics. The gold NPs 

displays the properties that are different from the 

bulk gold solution and thus can be synthesised 

into different shapes such as nanorods, 

nanospheres, and nanoprism. The small size, large 

surface area, and different shapes of gold NPs 

have drastically modified its chemical and 

biological properties   and also has increased its 

applications in field of medicine. [13-16] 

 

Various studies have been reported where 

researchers have utilised extracts of Plumbago 

zeylanica, Alpinia nigra, Tribulus terrestris, 

Nerium oleander, Nepenthes khasiana, Zingiber 

officinale for antibacterial and anticancer 

activities. [17-22] 

 

Cuscuta reflexa is a perennial, parasitic herb of 

Convolulaceae family commonly known as 

Dodder or Akash Bel. It has been reported C. 

reflexa contains different phytochemicals such as 

cuscutin, kaempferol, quercetin, coumarin, 

stigmasterol, amarbelin, proteins, tannins, 

carbohydrates and possess antimicrobial, 

antihypertensive, anticancer, antioxidant, 

antiviral, antifungal, and anticonvulsant 

properties. [23-25] Silver and zinc oxide NPs 

using C.reflexa have already been reported but till 

now there is no report on gold NPs using 

C.reflexa has been published. [26, 27] So this 

study was aimed to synthesize gold NPs from 

aqueous extract of fresh stem of C.reflexa and 

evaluating their antibacterial and anticancer 

activities.  

 

Material and Methods 

Material 

Fresh stems were collected from Dehradun, 

during the month of October 2022. Authentication 

was done by Dr Sunita Garg at (NISCAIR), 

National Institute of Science Communication and 

Information Resources (Ref. No NISCAIR 

/RHMD/CONSULT/2020/3766-67-3). All the 

reagents used were purchased from CDH (Central 

drug House) Fine Chemical, Delhi. Mueller-

Hilton Agar (MHA) was obtained from HiMedia 

laboratories Pvt. Ltd, Mumbai. All chemicals 

were used as received without any further 

purifications. 

 

Preparation of extract 

Stems were washed with distilled water and then 

by ethanol (99.8%) to avoid microbial 

contamination. The rinsed stems were dried in 

shade at room temperature for 1-2 hrs. 5 g of the 

stem was cut into fine pieces and put into 100 ml 

of distilled water in conical flask and heated at 60◦ 

C for 1 h on temperature controlled magnetic 

stirrer. Thereafter the cooled extract was filtered 

with the help of Whatman no 1 (11µm, Sigma 

Aldrich) filter paper. The extract was stored at 

4°C and was used later for the synthesis of gold 

NPs. 

 

Biosynthesis of Gold NPs 
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For the synthesis of gold NPs aqueous solution of 

Chloroauric acid (1 mM, 50 mL) was added 

slowly to 25 mL of 50 mg/mL C. reflexa stem 

extract with continuous stirring on magnetic 

stirrer at 500 rpm at 70◦ C for 30 min until the 

color of the solution changed from light yellow to 

purple color which confirmed the synthesis of 

gold NPs. The solution was spun at 12,000 rpm 

for 30 min to collect gold NPs, washed with 

distilled water three times and collected in powder 

form by lyophilization. 

 

Characterization of nanoparticles 

Biosynthesised NPs were characterized by various 

analytical techniques. The UV-Vis 

spectrophotometer Shimadzu UV-1800 series was 

used to study the bioreduction of gold ion and 

formation of gold NPs. To determine the 

biological moeities used in the formation and 

stabilization of the nanoparticles Fourier 

transform infrared spectrometer Perkin Elmer 

Frontier FTIR-FIR Spectrophotometer (ATR) was 

used. Morphology, shape and size of the 

biosynthesise nanoparticles was determined  by 

using Dynamic light scattering (DLS) and Zeta 

potential by Zetasizer nano series –Nano ZS90 

(Malvern Panalytical), Scanning electron 

microscope (SEM) -JEOL-SM-610LA,  X-ray 

diffractometer (Bruker, D2-Phaser), Transmission 

electron microscope (TEM) JEOL 2010 LaB6. 

 

Antibacterial activity of gold nanoparticles by 

disc diffusion method 

The antibacterial activity of biosynthesised gold 

NPs using stem of C.reflexa was determined by 

disc diffusion method (Kirby-Bauer method) 

using Bacillus subtilis (MTCC 1133) Gram 

positive bacteria, and Escherichia coli (MTCC 

40) Gram negative bacteria. Mueller-Hilton Agar 

(MHA) was used as nutrient media. Bacterial 

culture strain with cell density 1 x 106 cells/mL 

adjusted using 0.5 McFarland standards was 

homogeneously swabbed on the petri plates 

containing Mueller Hilton Agar medium. 

Thereafter 5mm of filter disc was placed in the 

petri disc containing 20 µL of AuNPs of 

concentration (1000 µg/mL and 2000 µg/mL) and 

plant extract 2000 µg/mL. Distilled water served 

as negative control and Gentamycin 250 µg/mL 

was taken as positive control. The plates were 

then incubated at 37◦ C for 24 h. The inhibition 

zones was measured and recorded. Antibacterial 

investigation was carried in triplicate analysis and 

the ZOI was stated as as mean ± standard 

deviation (SD). [28] 

 

MTT assay for cytotoxic potential 

The cell lines (Cervical cells HeLa) were 

procured from National Centre for Cell Science, 

Pune, India. The cytotoxic activity of prepared 

NPs was assayed by MTT method. Cells were 

seeded in triplicate at a concentration of 5x104 

cells/mL on 96 well plates for 24 h. Gold NPs 

with different concentration (10 µg/mL - 1000 

µg/mL) were aded to each well. Untreated cells 

were considered as negative control and 

Doxorubicin as positive control. The medium was 

removed after 48 h and cells were incubated with 

20 µL of MTT for 3 h at 37◦ C. DMSO was added 

to solubilize formazan crystals. The optical 

density was measured using a microplate 

spectrophotometer at a wavelength of 570 nm. 

[29] 

Percentage cell viability was calculated using the 

equation shown below:  

Cell viability (%) = Absorbance of test/ 

Absorbance of control *100 

 

Result and Discussion 

UV analysis of gold NPs 

The stem extract of Cuscuta reflexa (Figure. 1A) 

was used for the synthesis of gold NPs (Figure. 

1B [E]). The color of the colloidal solution 

changed from light yellow to purple color which 

showed the formation of gold NPs (Figure 1B 

[G]). UV-Vis spectroscopy further confirms the 

formation of NPs. The interaction of incident light 

with electrons of metal NPs leads to the formation 

of intense SPR (surface plasmon resonance) band 

in UV-Vis spectrum which is characteristic for 

every metal. SPR of AuNPs was seen at λ 562 nm 

in UV-Vis spectra when stem extract of C.reflexa 

was added to gold salt solution which confirmed 

the biosynthesis of gold NPs. [30] (Figure 2) 
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Figure 1. A) Cuscuta Reflexa stem B) E. Cuscuta Reflexa stem extract, G. AuNPs in solution. 

 
Figure 2.  The UV-Visible spectrum of plant extract and AuNPs solution 

 

FTIR analysis of gold NPs 

FTIR spectral studies was carried out to determine 

the biomolecules that were responsible for the 

capping and stabilizing of gold NPs. FTIR spectra 

of both the stem extract and the synthesized gold 

NPs showed similar peaks with minute shift in the 

spectra.  

 

IR spectra of C.Reflexa stem extract and AuNPs 

(Figure 3 [A] & [B]) show a strong peak at 3491 

cm−1 and 3421 cm−1 which corresponds to the 

stretching vibration of (O-H) of the phenolic 

group or amine functional group (N-H). The other 

band at 1620 cm−1 and 1639 cm−1 is assigned to 

the amide I band and -C=C- stretching vibration 

band. This amide I band could be due to the 

presence of proteins in the stem extract. 

Stretching vibration of ether group (C-O-C) was 

observed at 1090 cm−1 and 1095 cm−1 

respectively. Likewise the band at 850 cm−1 and 

880 cm−1 corresponds to C-H wags of alkenes in 

plant extract and AuNPs respectively. [31,32] 

From FTIR spectral study it can be estimated that 

the biomolecules that could be involved in the 

stabilization and capping of gold NPs may be 

phenolics, proteins or flavonoids present in the 

C.reflexa stem extract. 

 

 

 
                                                           A                                                            B 

Figure 3. (A) FTIR spectrum of C. Reflexa stem extract, (B) FTIR spectrum of AuNPs 

 

 

A B 
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Figure 4. (A) TEM image of AuNPs, (B) SEM image of AuNPs 

 

Scanning Electron Microscopy (SEM) and 

Transmission Electron Microscopy (TEM) 

analysis 

SEM and TEM analysis are done to determine the 

morphology, shape and size of the synthesized 

NPs. Results of SEM and TEM images analysis of 

C.Reflexa extract mediated gold nanoparticles 

showed that the NPs were spherical in shape, 

polydispersed and aggregated which may be 

during the sample preparation (Figure 4. [A] & 

[B]). The particle size of the NPs ranges from 30-

80 nm with the average particle size of 48 nm. By 

comparing the SEM and TEM results, it is 

observed that the gold NPs forms aggregates by 

absorbing moisture and ultrasonication can 

disaggregate them to form low size NPs. 

 

XRD diffraction study 

The XRD characterization is done to determine 

the crystalline nature and purity of gold NPs. The 

XRD diffraction pattern for gold NPs is shown in 

Figure 5. The diffraction peaks were observed at 

2𝜃 values 38.2, 44.6, 64.8, 77.2 relating to (111), 

(200), (220), (311) crystal planes of face centered 

gold crystals respectively, (JCPDS 04-0784) 

which is in agreement with the work reported 

previously. [33] 

 

 

 
Figure 5. XRD spectrum of AuNPs 

 

Dynamic light scattering and Zeta Potential 

Analysis 

DLS is used to determine both the particle size 

and Zeta potential of the biosynthesised AuNPs. 

The results are shown in (Figure. 6 [A] & [B]). 

As seen in Figure 6[A] two peaks are seen at 81 

nm, 7 nm with the mean particle size distribution 

of gold NPs is 76.46 nm. The polydispersity index 

is 0.311.The zeta potential of AuNPs was -31.6 

mV shown in Figure 6[B]. Zeta potential is an 

important parameter for stability of the colloid, 

higher is the value of zeta potential higher is the 

electrostatic repulsion between colloidal particles 

and greater will be the stability. The value -31.6 

mV indicates that the biosynthesised NPs shows 

good stability. [34] 
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A 

 
 

 
B 

 
 

Antibacterial Activity 

Antibacterial Activity 

The antibacterial activity of plant extract and 

green AuNPs by disc diffusion method against 

Gram-positive bacteria Bacillus subtilis and gram-

negative bacteria Escherichia coli are shown in 

Table 1 and Figure 7. The zone of inhibition 

(mm) was measured and calculated after adding 

drugs and then incubating at room temperature for 

24 h. Zone of inhibition was 15.5 mm and 15 mm 

for E. coli and S. aureus. Plant extract also have 

very less antibacterial activity against the bacterial 

strains. The mechanism behind antibacterial 

activity of AuNPs is that when these AuNPs 

comes in contact with the bacteria it gets attached 

to the surface of bacteria through electrostatic 

attraction. The small size enables their permeation 

into the bacterial cell through membrane bound 

proteins such as sulphur groups which are present 

in the protein to form thiols thus leading to DNA 

damage. It has also been seen that the interaction 

of AuNPs with cysteine residue leads to the 

formation of reactive oxygen species (ROS) thus 

leading to bacterial death. [35] 

 

 
Compounds (µg/mL) Zone of inhibition (mm) 

Average ±SD 

 E.coli S.aureus 

Distilled water (0) 0 0 

Plant extract 2000 6 ± 0.23 5 ± 0.12 

AuNPs  1000 10± 0.10 9 ± 0.09 

AuNPs 2000 15.5 ± 0.07 15 ± .06 

+ve control 250 20 ±0.08 22± 0.04 

 

Table 1. Zone of inhibition (mm) for blank discs, plant extract, AuNPs and positive control against tested 

bacteria. Data represent mean ± SD (n=3, p< 0.05). 

 

 Figure 6. (A) DLS of AuNPs, (B) Zeta potential of AuNPs 
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A 
 

 
B 

Figure 7. Zone of inhibition of AuNPs against bacterial strains A. E.coli and B. S.aureus, 0: Distilled water, 

Plant extract, 1: 1000 µg/mL, 2: 2000 µg/mL, Positive control (Gentamycin) 

 

In-Vitro cytotoxicity 

The AuNPs treated HeLa cells were analyzed 

through MTT assay after 24 h of adding various 

concentrations of 10-1000 µg/mL for AuNPs. IC50 

value for AuNPs was calculated as 54.34 µg/mL. 

Table 2 The anticancer activity of the metal NPs 

is because of the production of reactive oxygen 

species which decreases the cellular ATP uptake 

and decreases the dehydrogenase activity which 

destroys the mitochondrial respiratory chain and 

other component of the cell and finally leads to 

the cell death which is clearly represented in the 

study that the toxicity of the AuNPs shows dose-

dependent response in the tested cancer cells. 

(Figure 8. [A]&[B]) shows the anticancer activity 

of AuNPs  biosynthesised from fresh stem of C. 

reflexa against HeLa cells[.36] 

 
 

Concentration of 

AuNPs (µg/mL) 

Absorbance @ 

570nm ± SD 

Percentage viability 

(Mean ± SD) 

IC50 

0 0.1165±0.14 100±0.02 54.34 µg/mL 

10 0.109±0.08 93.5622318±0.01 

20 0.08175±0.012 70.1716738±0.03 

50 0.0645±0.15 55.3648069±1.23 

100 0.03975±0.23 34.1201717±0.83 

250 0.0175±0.02 15.0214592±0.25 

500 0.013±0.05 11.1587983±0.09 

1000 0.0095±0.008 8.15450644±0.12 

A 

 
Concentration of 

Doxorubicin  

(µg/mL) 

Absorbance @ 

570nm(mean ± SD 

Percentage 

inhibition(Mean ± SD) 

IC50 

0 0.636±0.02 0.00 18.11 µg/mL 

1.560 0.617±0.06 3.03±0.02 

3.125 0.516±0.12 18.84±0.06 

6.25 0.481±1.2 24.35±0.05 

12.5 0.362±0.34 43.15±0.06 

25 0.231±0.51 63.65±0.12 

50 0.130±0.07 79.54±0.23 

100 0.038±0.02 93.99±0.54 

B 

Table 2: Cytotoxic activity of (A) biogenic AuNPs, (B) Doxorubicin against HeLa cells 



Green Synthesis Of Gold Nanoparticles Using Cuscuta Reflexa Stem  

Extract And Their Potential Antibacterial And Anticancer Activities                                                                Section A-Research paper 

 

Eur. Chem. Bull. 2023, 12(Special Issue 5), 2053 – 2062 2060 

 
A 

 

 
B 

Figure 8. A. Anticancer activity of AuNPs against HeLa cell line. B. Images of HeLa cell line treated with 

control (a) Doxorubicin (b) phytogenic AuNPs (c) 

 

Conclusion 

In this study we used stem of C.reflexa extract to 

synthesise AuNPs. The NPs were further 

characterised using modern analytical techniques 

like UV-Visible, FTIR, TEM, SEM, DLS, XRD 

etc. The NPs synthesised were spherical and 

within 100 nm range. The biosynthesised AuNPs 

showed bactericidal effect on gram positive and 

gram negative bacteria. The NPs further show 

promising anticancer activity against HeLa cell 

line. C.reflexa was found to have a potential and 

this plant can be exploited in the production of 

metal NPs on large scale. 
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