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ABSTRACT 
The cytotoxic activitiy of silver nanoparticles bio-functionalized by Nelumbo nucifera leaf extracts were examined in 
the current work. The nanoparticle (AgNPs) was characterized by scanning electron microscopy, UV–visible 
spectroscopy, and a particle size analyzer. Cytotoxic activity of silver nanoparticles against T47D and 4T1 cells using 
the MTT method using concentrations of 100 µg/mL, 50 µg/mL, and 25 µg/mL. For comparison, doxorubicin was 
used at the same dose. The size of the spherical nanoparticle was 66.4±0.93 nm and the polydispersity index was 
0.23±0.05. Silver nanoparticles have anti-cancer properties against T47D and 4T1 cell lines based on inhibitory 
concentration. The inhibitory concentration (IC50) of AgNPs on T47D and 4T1 cells were obtained at 12.10±0.08 
𝜇g/mL and 98.77±1.27 𝜇g/mL, respectively. Meanwhile, the IC50 values of doxorubicin in T47D and 4T1 cells were 
4.45±0.03 𝜇g/mL and 36.77±1.15 𝜇g/mL, respectively. Overall, the results revealed that the green-synthetized silver 
nanoparticle had cytotoxic effects on breast cancer cells in comparison to doxorubicin. 
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INTRODUCTION 
Currently, nanotechnology is the fastest-growing industrial sector in the world, with a never-ending search 
for new nanomaterials and production methods.1 Many researchers are interested in metal nanoparticles due 
to their unique properties and applications in catalysis, photonics, optoelectronics, and biological tagging, 
as well as therapeutic applications.2 There are numerous ways to make silver nanoparticles (AgNPs). These 
mechanisms can be used to reduce silver ions, from chemical and electrochemistry to radiation and 
photochemistry to Langmuir–Blodgett. Using biological synthesis to make harmless nanostructured 
materials makes it possible to use or make fewer toxic substances.3,4 Microorganisms such as bacteria, 
fungi, and yeast have already been used to biosynthesis silver nanoparticles.5 However, research into plant 
systems as prospective nano factories has piqued interest in biological nanoparticle manufacturing. Silver 
nanoparticles were also synthesized utilizing extracts from plants such as Aloe vera, Cinnamon zeylanicum, 
Stevia rebaudiana, and Papaya.6-8 The goal of this work was to create silver nanoparticles quickly using 
ethanolic leaf extract from Nelumbo nucifera and test their anticancer effectiveness in T47D and 4T1 cell 
lines. 
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EXPERIMENTAL 
Material and Methods 
AgNO3 was bought from Sigma-Aldrich for a reliable grade of purity without further purification. And the 
ethanolic leaf extract of Nelumbo nucifera (EENN) which consists of higher medicinal values. These plants 
are collected from the traditional market, Medan, North Sumatera, Indonesia.  
 

Preparation of Ethanolic Leaf Extract of Nelumbo nucifera 
The extract was obtained by using the maceration method. A total of 500 g of dry powder was put into a 
closed container and soaked in 3.75 L of 70% ethanol for 5 days. After that, a filtering process was carried 
out to obtain the first extract solution. The dry powder was soaked again with the same solvent for 2 days 
and filtered again to obtain a second extract solution. The first and second solutions were combined in one 
container and concentrated using a rotary evaporator to obtain the extract. The Extract was stored in the 
refrigerator to prevent its damage.9 
 

Synthesis of Silver Nanoparticles (AgNPs) 
The AgNPs were synthesized by mixing 40 mL of 2 mM AgNO3 solution with 1 mL of 0.125% EENN and 
then stirred using a magnetic stirrer for 15 minutes at a room temperature of 25°C. The results of this 
reaction were then identified to determine whether the synthesis of AgNPs was successful.10 
 

UV-vis Spectra Analysis 
The reduction of pure Ag+ ions was monitored by measuring the UV–vis spectrum of the reaction medium 
after overnight incubation, after diluting a small aliquot of the sample into distilled water. The stability of 
the AgNPs formed was analyzed at a wavelength of 200-600 nm at 0, 30, 60 minutes, and 24 hours after 
incubation.11 
 

Particle Size Analysis of AgNPs 
A total of 15 mL of AgNPs solution was dissolved in 100 mL of distilled water and stirred slowly to form 
a dispersion. Entered into the particle size analyzer to determine the average size of AgNPs.12 
 

Scanning Electron Microscopy (SEM) Analysis of Silver Nanoparticles 
A scanning electron microscope (JEOL 6380A; Tokyo, Japan) was used to record the micrograph images 
of synthesized AgNPs.13 
 

Cytotoxic Assay 
The cytotoxicity assay of the prepared AgNPs was measured using T47D and 4T1 cell lines by MTT (3-
(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) assay. The MTT test is a colorimetric, 
nonradioactive method for determining cell viability by detecting tetrazolium salt metabolization. T47D 
and 4T1 cells were seeded at a density of 5 × 104 cells/well into 96-well plates. Then, the cells were treated 
with different concentrations of synthesized AgNPs and doxorubicin as a positive control (100 𝜇g/mL, 50 
𝜇g/mL, and 25 𝜇g/mL) and incubated in the presence of 5% CO2 and 95% humidity at 37°C for 24 h. MTT 
(5 mg/mL) was added to the incubated cells, then incubated further for another 4 h. The crystals were 
dissolved in 200 𝜇L of DMSO and the absorbance was measured colorimetrically at 570 nm.14 
 

Data Analysis 
Each experiment was repeated 3 times. The data obtained were processed with the help of Microsoft Excel 
and SPSS 23 using the ANOVA test. 
 

RESULTS AND DISCUSSION 
In the current investigation, the reduction of silver ions present in the aqueous solution of silver nitrate 
during the interaction with the constituents of EENN was observed using UV-Vis spectroscopy with 
wavelengths ranging from 300 to 600 nm in 0, 30, 60 minutes, and 24 hours after reaction. The product 
obtained 60 minutes after the reaction was the most optimal and stable product. Where this product provides 
the greatest absorption which is 1.353 at 437 nm (Fig.-1). According to prior research, the synthesis of 
AgNPs may be monitored using a UV-Vis spectrophotometer with absorbance in the 400-450 nm range.15,16 
Changes in wavelength are not too large from 0 minutes, 30 minutes, 60 minutes, and 24 hours.  
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(a) (b) 

  
(c) (d) 

Fig.-1: UV-Vis Absorption Spectrum of AgNPs. (a) Detection after 0 Minutes Reaction, (b) Detection After 30 
Minutes Reaction, (c) Detection After 60 Minutes Reaction, (d) Detection After 24 hours 

 

This shows that the resulting AgNPs are relatively stable. The AgNPs obtained were then measured for 
their particle size using a particle size analyzer (PSA). Based on Fig.-2 shows the size distribution of AgNPs 
with AgNO3 concentration of 2mM at 60 minutes with the size data obtained in the form of an intensity of 
3 repetitions with an average diameter size of AgNPs obtained which is 66.4±0.93 nm and an average PI 
(Polydispersity Index) is 0.23±0.05. The polydispersity index is a parameter to determine the particle size 
distribution of AgNPs16,17. The range of polydispersity index values is 1-0, if the polydispersity index value 
is < 0.7 then it is monodispersed, but if it is polydispersed it has a polydispersity index > 0.718-20. The results 
of the PI in this study showed that the PI nanoparticles were polydispersed with a value obtained above 0.7. 
SEM analysis shows high-density AgNPs synthesized by EENN (Fig.-3). In Fig.-3, it can be seen the results 
of observations with SEM with image magnification of 7,500×, 15,000×, and 25,000× that AgNPs are 
slightly spherical in shape, some are not uniform, some are small and large, with varying sizes due to 
aggregation. nanoparticles. The hydrogen bond and electrostatic interactions between the bioorganic 
capping molecules linked to the AgNPs caused the SEM picture of silver nanoparticles21-23. Even inside the 
aggregates, the nanoparticles were not in direct contact, indicating that a capping agent had stabilized them. 
Because of the SEM observations, the bigger silver particles may have aggregated from the smaller 
ones24,25. 
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(a) (b) 

 
(c) 

Fig.-2: Particle Size of AgNPs, (a) First Detection, (b) Second Detection, (c) Third Detection 
 

After confirming that the synthesis of AgNPs was successful, the cytotoxic activity was tested on T47D 
and 4T1 cells using the MTT assay method (Fig.-4).  
 

(a) (b) (c) 
Fig.-3: Morphological Analysis of AgNPs using SEM. (a) 7500x, (b) 15000x, (c) 25000x 

In this test, doxorubicin was used as a comparison. The test concentrations used of AgNPs and doxorubicin 
were 25 𝜇g/mL, 50 𝜇g/mL, and 100 𝜇g/mL. From Figure 4 it can be seen that the increase in the 
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(a) 

(b) 

concentration of AgNPs and doxorubicin causes a decrease in live cells. Exposure to increasing 
concentrations of AgNPs shows dose-dependent cytotoxicity on T47D and 4T1 cells26. At a concentration 
of 100 µg/mL has high toxicity with a viability of 16.43% then at a concentration of 50 µg/mL has a viability 
of 36.43% and at a concentration of 25 µg/mL has a viability of 50.72% in T47D cells. Meanwhile, in 4T1 
cells, cell viability was 50.94%, 74.05%, and 97.29% at concentrations of 100 µg/mL, 50 µg/mL, and 25 
µg/mL, respectively. The same thing was seen in the administration of doxorubicin.    

 

 

Fig.-4: %Viability of T47D and 4T1 Cells, Mean ± SE, n = 3. (a) AgNPs Activity at 25 𝜇g/mL, 50 𝜇g/mL, and 
100 𝜇g/mL, (b) Doxorubicin Activity at 25 𝜇g/mL, 50 𝜇g/mL, and 100 𝜇g/Ml 

 

The reaction of MTT with living cells will form purple formazan crystals27. This is because the 
mitochondria of dead cells are not able to respire so the tetrazolium succinate enzyme that can reduce MTT 
to formazan is not produced28. As a result, the dead cells do not form purple formazan. The MTT reaction 
with the mitochondrial reductase enzyme found in the cells was stopped with a DMSO stopper as an 
inhibition of crystal formation and then analyzed for absorbance using an ELISA reader. In the present 
study, the minimum inhibitory concentration (IC50) of AgNPs on T47D and 4T1 cells were obtained at 
12.10±0.08 𝜇g/mL and 98.77±1.27 𝜇g/mL, respectively. Meanwhile, the IC50 values of doxorubicin in 
T47D and 4T1 cells were 4.45±0.03 𝜇g/mL and 36.77±1.15 𝜇g/mL, respectively. In fact, AgNPs may 
induce reactive oxygen species and cause damage to cellular components leading to cell death29. In general, 
green-produced silver nanoparticles have strong anticancer action with negligible or low toxicity, 
depending on the agents used to reduce and cap silver nitrate into silver30.   
 

CONCLUSION 
Nature has created the most efficient miniature useful materials in lovely and innovative ways. The 
synthesis of AgNPs using EENN has various advantages, including being cost-effective, efficient, and eco-
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friendly, providing better workplaces and communities; and preserving human health and the environment, 
resulting in less waste and safer goods. Silver nanoparticles made in a green way have a lot of potential in 
biological applications. 
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