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Summary: Biocompatibilities of nanoparticles are crucial for biomedical applications. Diverse 

silver nanoparticles (5 nm, 10 nm, 20 nm, 40 nm and 80 nm) caped with citrate and 

polyvinylpyrrolidone (PVP) were synthesized and primed their protein coronas. Nanoparticles were 

characterized with UV-visible spectroscope, Dynamic light scattering (DLS) and Transmission 

Electron Microscope (TEM). Comparative biocompatibilities were verified and recorded using MTS 

techniques. Human hepatoma carcinoma HepG2) cell line was used for measuring cytotoxic effect 

by MTS assays. Deleterious and comparative behaviors of citrate and PVP supported nanoparticles 

with varied dimensions were investigated and concluded; that citrate caped nanoparticles are 

comparatively less toxic and independent of size than PVP supported nanoparticles, having 

increased cytotoxicity with increasing size. The cytotoxic effect of citrate caped and its protein 

coronas nanoparticles was insignificant, while the boosted concentration of PVP supported 

nanoparticles enhanced the toxic effect, which endorsed enlarged size and amount of PVP supported 

nanoparticles.  As medicinal precursors, the overwhelming use of PVP nanoparticles should be 

avoided, and a unique protocol must be designed if its use is crucial and unavoidable. 

 

Keywords: Silver nanoparticles, Citrate caped, PVP caped and Protein coronas silver nanoparticles, Cytotoxic 

effect. 

 

Introduction 

 

Nanomaterials have myriad exploitation in 

preparation of industrial goods and medical tools 

followed by their consumption in industrial, medical and 

biological systems. Nanoparticles surfaces interact and 
ally with biological molecules composed of peptides, 

lipids and proteins, forming an adsorbed layer around 

nanoparticles. Such adsorbed layers of proteins around 

nanoparticles are called protein corona Nanoparticles 

(NpPC) [1, 2]. The unique physicochemical properties 

of protein corona nanoparticles are attributed to an 

alteration in shapes, charge density and hydrodynamic 

sizes, which modify bio-distribution, activity and 

toxicity [3-5]. Modifications in nanoparticles’ surfaces 

have an impact on biodistribution and uptake of 

nanoparticles [6-9]. In addition, loading of nanoparticle 

surfaces with HAS and transferrin declines the uptake of 
citrate-supported silver nanoparticles in the range of 20 

and 110 nm by the HEK cells, while IgG with silica-

supported silver nanoparticles (AgNPs) boosts 

consumption [10]. Enhanced cellular ingestion of 

nanoparticles has been reported if fibrinogen, C3 and 

other proteins are individually encumbered [11, 12]. 

Broad studies advocate that protein corona nanoparticles 

have formidable effects on bio distribution and cellular 

intake and tend to alter the therapeutic efficacy and 

inadvertent noxious activities of nanoparticles. Gold 

nanoparticles (AuNPs) possess promising photo-thermal 
treatment and bio-imaging potentials, but prior to their 

consumption in drug delivery and the therapeutic 

application, their cytotoxicity and histo-compatibilities 

tend to be verified. 

 
However, plasma proteins readily associate 

with nanoparticles that disturb the alliance between gold 

nanoparticles and cells, modifies biological molecules 

through phase transformation, reshaping, restructuring 

and influencing resizing and absorption on nanoparticles 

[13]. Studies revealed some amendments and coating to 

expose gold nanoparticles for therapeutic application 

[14, 15]. It has been understood that nanoparticle 

capping has a vital role in their biocompatibility[16]. It’s 

doubtful that nanoparticles synthesized for the industrial 

application have the same effects if accidentally 

exposed as nanoparticles consumed for medical 
purposes. Presently AuNPs are used on a large scale for 

medical purposes [17-21]. The uses and synthesis of 

gold nanoparticles are enhanced and expedited for 

medical reasons due to increased ingestion, skin contact, 

bio-imaging and cancer therapy. Thus it’s essential to 

evaluate the noxious properties of silver and gold 

nanoparticles before administration for medical 

purposes.  

 

The hypothesis for current research was based 

on the phenomenon to synthesize and evaluate the 
cytotoxic effects of varied sizes (i.e. 5, 10, 20, 40, and 
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80 nm) citrate and Polyvinylpyrrolidone (PVP) 

supported silver nanoparticles. Bovine serum albumin 

(BSA) was used as a template for the synthesis of 

protein coronas nanoparticles and their relative 

cytotoxicity was calculated with 3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-

2H-tetrazolium, inner salt (MTS) assay using HepG2 

cells. 

 

Experiment  

 

Analytical grade chemical reagents; 

Tetracholoroauric acid trihydrated (HAuCl4.3H2O), 

silver nitrate (AgNO3), trisodium citrate, 

polyvinylpyrrolidone (PVP), tannic acid, sodium 

borohydride (NaBH4), triethylamine, hydrochloric acid 

(HCl), sodium hydroxide (NaOH), sodium chloride 
(NaCl), and 4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid (HEPES) buffer  

“purchased from sigma Aldrich” are consumed for the 

synthesis of synergistically supported silver 

nanoparticles with citrate, PVP and protein corona. De-

ionized water was used throughout experimental 

protocols. Nanoparticles were characterized with UV-

Visible Spectrophotometer, Zeta Nano and 

Transmission Electron Microscope. HepG2 cell line, 

Dulbecco’s Modified Eagle’s Medium (DMEM), 

Phosphate buffer saline (PBS) and trypsin were bought 
from Cellgro. Fetal bovine serum albumin (BSA) from 

Hyclone, Trypsin from Gibco and CellTitre 96 ® 

Aqueous was purchased from Promega.  

 

Cell Culture 

 

Human hepatoma carcinoma (HepG2) cell line 

was obtained from the Institute of Basic Medical 

Sciences, Chinese Academy of Medical Sciences. 

HepG2 cells were cultured in the complete growth 

medium DMEM (10% FBS) at 37C in a 5% CO2 

humidified incubator. HepG2 cells were detached with 

0.25% trypsin-EDTA solution during sub-culturing. 
 

Synthesis of AgNPs capped with Citrate 

 

AgNPs were synthesized using general 

protocol; Trisodium citrate (1%, 1.5mL,), AgNO3 

solution (0.5%, 1 mL) and HAuCl4 (0.1%, 42 L) 

solution was mixed in a tube and shacked for 5 min to 

observed a change in color. Then the mixture was 

transferred to 50 mL boiling water in a round bottom 

flask connected to a condenser for 10 minutes. Hereafter 

the reaction mixture was brought to room temperature in 

30 mins and then subsequently stirred for 2 hours. 

Initially, newly grown nanoparticles were characterized 
with UV-Vis spectra and further verified with 

Transmission electron microscopy (TEM) and Dynamic 

light scattering (DLS). Nanoparticles separation was 

achieved with a centrifuge at specified rpm (depending 

on the size of nanoparticles) in 20 minutes. The pellets 

were washed with distilled water and the process was 

repeated three times to remove un-reacted reagents.  
 

Synthesis of PVP capped AgNPs  

 

AgPVP nanoparticles were grown by mixing 

15 mL (6%) of PVP with 1 mL (0.5M) HCl for 10 mins 

followed by the addition of  AgNO3 ( 10 mL, 2.5 mM)  

and stirred for 10 mins. After that, 1 mL of 0.5M NaOH 

was added to neutralize the free acid contents. Then, 1 

mL of 20 mM NaBH4 was added and stirred for 2 hours 

to sufficiently reduce the salt. Thus, the synthesized 

AgPVP nanoparticles were initially characterized with 

UV-Vis spectrometer, subsequently verified with DLS 
and TEM. Nanoparticles separation was achieved with a 

centrifuge at specified rpm (depending on the size of 

nanoparticles) in 20 minutes. The pellets were washed 

with distilled water, and the process was repeated three 

times to remove un-reacted reagents. 

 

Synthesis of protein corona supported nanoparticles 

(PcNPs) 

 

After centrifugation, silver nanoparticles were 

suspended in the same amount of distilled water (as 
before centrifugation) and divided into two equal 

portions. One portion was used as reference AgNPs and 

the other portion (50 mL) was added into a reaction 

flask followed by the addition of 1 mL HEPES buffer 

and stirred for 5 minutes.  To ensure complete ligand 

exchange, 5 mL of BSA (0.15 mg/5 mL) aqueous 

solution was added to the NP solutions and stirred 

overnight at 40C. Centrifugation technique was 

followed to separate freshly synthesized protein coronas 

(PcAgCIT) and immersed in 50 mL distilled water 

similar in concentration to the reference NPs solutions 

and afterward characterized with UV-Vis spectrometer, 

DLS and TEM.  
 

Cell viability assay (MTS assay) 

 

MTS assay was executed with Cell Titer 96® 

Aqueous One Solution Reagent (Promega, USA). For 

cell viability assay to evaluate the cytotoxic effects of 

AgCIT, AgPVP, and protein coronas supported 

nanoparticles PcAgNPs with MTS assay. Simply, 100 

L 1x104 HepG2 cells were seeded per well in a 96-well 

plate and allowed to grow in humidified incubator 

having 5% CO2 at 37C for 24 hours. Control wells 

were filled with 100 L complete DMEM culture 

medium. The previous medium was removed after 

incubation for 24 hours, and 50, 100, and 150 g of NP 

samples were added to the appropriate wells. The plate 
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was further kept in a humidified incubator at 37C for 

24 hours. 20 L Cell Titer 96®Aqueous Solution 

Reagent was added into each well and was kept at 37C 

for 2-hour in humidified incubator. Absorbance was 

measured at 490 nm with a micro-plate reader (infinite 

200, Austria). The experiment was repeated at least 

three times to minimize the error. The relative cell 

viability (%) was calculated by [A]sample/ [A]control x 

100%. [A] is the absorbance subtracted from the 

corresponding background in the cell-free condition. 

 

Results and Discussion 

 

Various sizes of AgCIT, AgPVP and 

PcAgCIT nanoparticles were prepared in early mono 

dispersed form. The same procedures were followed for 

synthesizing different sizes of nanoparticles by varying 

ratios of reactants.  

 

UV-Vis Characterization 

 
In particular, the UV-Vis region of optical 

density is very significant as a primary confirmation for 

the synthesis of AgNP [22, 23].  Citrate, PVP and 

proteins coronas supported nanoparticles with slight 

variation in colors were initially determined by 

measuring their absorption bands in a range of 393 to 

450 nm. Initially, citrate capped silver nanoparticles 

were grown of varied sizes and then a ligand exchange 

process employed for the synthesis of protein coronas 

supported nanoparticles. Triumphant growth of AgCIT 

and PcAgNPs confirmed from surface plasmon 

resonance (SPR) bands (Fig-1). Color variation was 
observed from yellow to brownish with a minor redshift 

in UV-Vis spectra for all PcAgNPs (Fig-1). Moreover, a 

slight redshift in the LSPR peak shows the successful 

attachment of BSA with a possible increase in the 

particle sizes [24]. The SPR bands in a particular region 

from 395 to 450 nm were confirmed by PVP-supported 

varied silver nanoparticles (Fig-2). 

 

DLS and TEM Characterization 

 

Particle sizes and morphologies were 

determined with dynamic light scattering (DLS) and 
transmission electron microscopic (TEM) techniques. 

TEM images revealed monodispersed nanoparticles 

without aggregation and almost spherical shape 

nanoparticles (Fig-3). The sizes and distribution of 

particles were also determined by DLS techniques. The 

hydrodynamic diameter was slightly higher than the size 

of the respective nanoparticles. A slight difference of 

sizes in two different techniques (TEM and DLS) is 

attributed to the attachment of water molecules, which 

strongly augment nanoparticles via the salvation 

process. 
 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 1: SPR peaks of AgCIT and PcAgNPs of 5(A), 10(B), 20(C), 40(D), 80(E) nm sizes. 
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Fig. 2: Surface Plasmon Resonance Band of AgPVP nanoparticles of 5, 10, 20, 40, and 80 nm. 

 

 
Fig. 3: TEM images of Silver nanoparticles caped with citrate (5nm(a), 10nm(b), 20nm(c), 40nm(d) and 

80nm (e) in sizes). 
 

The cytotoxicity of nanoparticles 

 

The biocompatibility of nanoparticles was 

measured against the HepG2 cell line by MTS assay. 

HepG2 cells were exposed to the escalating 

concentrations of AgCIT, AgPVP, and PcAgNPs (50, 

100 and 150 g/mL) for 24 hours. AgNPs (5, 10, 40 

nm) demonstrated some adverse effects on cells (Fig. 4 

and 5) compared to same-sized protein coronas 

supported nanoparticles. This variation in adverse effect 

attributes to protein corona, which covered the outer 

surfaces of nanoparticles while AgNPs directly interact 

upon exposure to biological molecules. Noxious effect 

of nanoparticles was found independent of size up to 80 

nm. Contrary to earlier mentioned, AgPVP of varied 

sizes has incompatibility to cells and more toxic 

potential compared to AgCIT. Although inside 

biological systems, they interact with proteins of 
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biological molecules, and toxicity was measured as size-

dependent (Fig. 6). Percent of cells viabilities against 

varied sizes AgPVP nanoparticles, each of 150 ug dose, 

54.54% for 5 nm, 12.14% for 10 nm, 22.84% for 20 nm, 

29.33% for 40 nm, 3.8% for 80 nm. PVP itself has 
noxious potential and can be seen from the controlled 

PVP toxic effect. Enhance in toxicity was observed with 

increasing sizes of nanoparticles which might be due to 

the increased amount of PVP surrounding the enlarged 

outer surfaces of nanoparticles. Consequentially PVP 

supported nanoparticles have a more toxic effect and 

biologically incompatible than AgCIT, which might be 

due to high production of cytokines by PVP coated 

silver nanoparticles in the test cells. The current result 

suggested that extra care will be needed when using 

such nanoparticles as a drug for human beings. 

 

It is reported that gold and silver nanoparticles 

have nontoxic to other cell lines. mPEG-coated AuNPs 
of 1.9 nm and 15 nm have good compatibilities with 

mice systems [25, 26]. AuNPs coated with HDL [27], 

PEI caped of 15 nm AuNPs [28], silica-coated AuNPs 

[29], and 153 nm gold nano-shells coated with PEG [30] 

have cytocompatibility under various conditions with a 

range of cell lines. Still, gold nanoparticles cytotoxicity 

also has been reported under certain conditions [14, 31, 

32].  

 

 
 

Fig 4: MTS assay results for 5 and 10 nm AgCIT and PcAgNPs (B). 

 

 
 

Fig 5: MTS assay results for 40 and 80 nm AgCIT and PcAgNPs (B). 
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Fig 6: MTS assay results for 5, 10, 20, 40 and 80 nm AgPVP nanoparticles. 
 

Conclusion 

 

It is concluded that the PVP-coated silver 

nanoparticles prepared and studied in this project 

were found to be toxic for living cells. Their 

cytotoxicity generally increases with size up to a 

specific limit. PVP-coated silver nanoparticles were 

more deleterious as compared to AgCIT. The AgCIT 

conjugated with BSA was found to be biocompatible. 

Extreme care should be taken while using silver 
nanoparticles coated with PVP for therapeutic 

purposes. It is also essential to study the interaction 

of silver and other noble metal nanoparticles with 

different legends to make their use harmless for 

living organisms and the environment. 
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