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Abstract. Gold nanoparticles (AuNPs) coated with PEI-based copolymers have 
emerged as a promising non-viral vector for gene therapy due to their excep-
tional biocompatibility and efficient gene delivery capabilities. Green synthesis 
methods, which utilize environmentally friendly and sustainable approaches, have 
gained significant attention for producing biocompatible nanoparticles. While 
AuNPs have been extensively studied, challenges often arise when conducting 
cell viability assays, particularly using the MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) assay. The inherent properties of nanoparticles, 
such as their size, shape, and surface chemistry, can interfere with the MTT assay’s 
mechanism, leading to inaccurate assessments of cell viability. Additionally, the 
interaction between the MTT reagent and the nanoparticles can further complicate 
the assay and potentially yield misleading results. To address these challenges, this 
study aims to optimize AuNP synthesis, establish optimal MTT assay conditions 
and mitigate interference effects by carefully controlling the synthesis parameters, 
optimizing the MTT assay conditions, and addressing the potential interference 
effects. This study aims to provide a reliable and accurate method for evaluating 
the cytotoxicity and biocompatibility of AuNP-based gene delivery systems. This 
knowledge will contribute to the development of safe and effective nanomedicine 
for various biomedical applications. 
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1 Introduction 

Nanoparticles are particles with dimensions ranging from 1 to 100 nm. Their high 
surface-to-volume ratio facilitates surface functionalization, making them suitable for 
the delivery of genetic material. Nanoparticles can be classified into various categories
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based on their composition, including carbon-based, metallic, ceramic, semiconductor, 
polymeric, and lipid-based materials. Metallic nanoparticles, especially copper, silver, 
and gold, are extensively employed due to their well-controlled size and shape, as well as 
their unique optical properties [1, 2]. Gold nanoparticles are extensively used in biomed-
ical applications owing to their biocompatibility and stability, particularly their efficient 
delivery of nucleic acids to cells when conjugated with certain polymers. Moreover, the 
synthesis of these nanoparticles can be accomplished via green chemistry approaches, 
employing biological resources. This method offers several advantages, including low 
cost, mild reaction conditions, and the elimination of toxic chemicals, synthetic lig-
ands, and stabilizers [3–5]. Given their biomedical applications, gold nanoparticles must 
undergo biological testing to demonstrate low cytotoxicity in healthy cells. 

Cell viability assays are employed to measure the number of living and healthy cells 
within a sample by detecting cell proliferation or cytotoxic effects. Numerous assays have 
been developed to determine and quantify viable cell numbers following a treatment [6]. 
The colorimetric MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 
assay is a prominent method, establishing a linear correlation between cell viability and 
mitochondrial activity. 

Viable cells contain oxidoreductases capable of reducing a yellow tetrazolium salt 
(MTT) into purple formazan crystals. This reaction is catalyzed by succinate dehydroge-
nase, a mitochondrial enzyme involved in cellular metabolism [7]. Cell proliferation is 
quantified based on the measurement of absorbance resulting from the enzymatic reduc-
tion of tetrazolium salt. In viable cells, mitochondrial succinate dehydrogenase catalyzes 
this reaction, producing purple formazan. The amount of formazan generated is directly 
proportional to the number of metabolically active cells present in the sample [8, 9]. 
While the MTT assay is a valuable tool for assessing cell viability, it can be susceptible 
to interference from nanoparticles. These materials can interact with assay components, 
such as dyes and reagents, leading to inaccurate results [10, 11]. 

In this study, gold nanoparticles were synthesized using a green synthesis approach 
which employs a copolymer based on mesquite gum and polyethylenimine as a reducing 
and stabilizing agent. The cytotoxicity of these nanoparticles was evaluated in kidney 
tissue of African green monkey cells (VERO cells). To determine the most suitable 
methodology for assessing cytotoxicity in this specific nanoparticle-cell system, various 
MTT assay conditions were explored. 

2 Experimentation 

2.1 Gold Nanoparticles Synthesis 

To synthesize gold nanoparticles (AuNPs), a copolymer composed of mesquite gum and 
polyethyleneimine (GM-CBX-PEI) was employed as a reducing and stabilizing agent; 
the synthesis of this copolymer was carried out based on the method by Pinilla et al. 
[12]. An aqueous solution of HAuCl4·3H2O was prepared at a concentration of 1 mM. 
The copolymer and 5 mL of the gold solution were added to this solution and homog-
enized using a vortex mixer until complete dissolution of the copolymer. Subsequently, 
the mixture was incubated in a temperature-controlled water bath with constant stir-
ring. This process resulted in a solution containing purplish-red AuNPs. Finally, the
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obtained AuNPs@GM-CBX-PEI dispersion was placed in Sartorius Vivaspin 6 tubes 
and centrifuged in an Eppendorf 5810 R centrifuge (3000 rpm, 15 min). Four washes 
with deionized water were performed, followed by a final wash with deionized water at 
4000 rpm for 15 min. This procedure was carried out to remove any residual substances 
that were not part of the nanoparticles, such as unbound copolymer and residual chlorine. 

Then, these nanoparticles were characterized by ζ (zeta) potential to measure the 
stability of nanoparticles in solution and its surface charge, Dynamic Light Scatter-
ing (DLS) to determine the size of nanoparticles and UV-Vis Spectroscopy to provide 
information about the composition and structure of nanoparticles. 

2.2 MTT Assay 

VERO cells were seeded at a density of 10,000 cells per well in 96-well plates and cul-
tured in 100  µL of DMEM. The plates were incubated at 37 °C in a 5% CO2 atmosphere 
for 24 h. To ensure reproducibility, each sample was tested in triplicate. After 24 h, the 
AuNPs@GM-CBX-b-PEI treatment was added. The treatment-to-medium ratio in each 
well is shown in Table 1. After an additional 24 h, a sufficient volume of medium-MTT 
solution was prepared for all wells. The medium-nanosystem supernatant was removed 
from the wells, and 100 µL of the medium-MTT solution was added. The plate was 
then incubated under standard conditions for 3 h. After the incubation period, a solution 
was added to dissolve the formazan crystals. Table 1 outlines the specific modifications 
made to the standard MTT assay protocol in this study. Finally, the absorbance of each 
well was measured at 570 nm and 651 nm using a microplate reader. The absorbance 
obtained at 570 nm was subtracted from the absorbance obtained at 651 nm. This resulting 
absorbance was used in the following formula. 

%Cell viability =
(
Abssample ∗ 100

)
/(Abscontrol) (1) 

Table 1. MTT assay protocol variations. 

Protocol Variations 

Medium-nanosystem Medium-MTT Solvent to 
dissolve 
formazan 
crystals 

Reference 

1 Nanomedicine lab 
protocol (Our work) * 

95 µL medium and 5 
µL nanosystem 

10 µL of MTT 
per 100 µL of  
medium 

100 µL of  
acidified 
isopropanol 

N/A

(continued)
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Table 1. (continued)

Protocol Variations

Medium-nanosystem Medium-MTT Solvent to
dissolve
formazan
crystals

Reference

2 Roche 100 µL 
solubilization 
buffer 

[13] 

3 Babaei, A 50 µL of  
DMSO at a 
concentration 
1 mg/ml 

[14] 

4 Alafaleq, N. O 10 µL of MTT 
per 100 µL of  
PBS 

100 µL of  
acidified 
isopropanol 

[15] 

5 Meléndez-Villanueva, 
M.A 

100 µL of  
DMSO at a 
concentration 
of 10 mg/ml 

[16] 

6 Modified 
nanomedicine lab 
protocol 1 

80 µL medium and  
20 µL nanosystem 

10 µL of MTT 
per 100 µL of  
medium 

100 µL of  
acidified 
isopropanol 

N/A 

7 Maicas, I Wash well with PBS 
1X three times and 
then add 
medium-nanosystem 
solution 

[17] 

8 Modification of 
nanosystem 
preparation ** 

Nanosystem was 
diluted in medium 
instead of water 

N/A 

9 Modified 
nanomedicine lab 
protocol 2 

95 µL medium and 5 
µL nanosystem 

A fresh, 
unopened 
stock of MTT 
reagent was 
used for the 
assay 

10 Modified 
nanomedicine lab 
protocol 3 

10 µL of MTT 
per 100 µL of  
medium 

100 µL of  
acidified 
ethanol 

* Protocol developed by the nanomedicine laboratory at Universidad Autonoma de Nuevo Leon. 
** Nanosystem concentrations were initially prepared by diluting deionized water. To further 
investigate the interferences in MTT, subsequent dilutions were made using culture medium.
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3 Results and Discussion 

3.1 Colorimetric Correlation with Gold Nanoparticle Dimensions 

Guided by the literature correlation between solution color and nanoparticle size (Fig. 1), 
the initial synthesis focused on achieving a reddish hue, targeting nanoparticles within 
the 20–60 nm range [18]. Figure 2 shows the change in color from the gold solution to the 
expected purplish-red solution of gold nanoparticles. Subsequent DLS and ζ potential 
measurements were conducted to verify the size and surface charge of the nanoparticles 
obtained under these conditions. 

Fig. 1. Correlation between solution color and gold nanoparticle size. 

Fig. 2. Synthesis of AuNPs. 

3.2 Size and Surface Charge Analysis of Nanoparticles by DLS and Zeta 
Potential 

Dynamic Light Scattering (DLS) was employed to determine the average hydrodynamic 
diameter of the nanoparticles (Table 2). Nanoparticle solutions were diluted in water to
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a pH of 7.5 prior to analysis. The obtained values were approximately 28 nm, falling 
within the expected range, thus confirming the correlation between color and particle 
size. Furthermore, the narrow size distribution, with 90% of the particles having a sim-
ilar size, indicates good colloidal stability. The positive ζ potential, attributed to the 
protonated amino groups of the PEI component in the copolymer, is crucial for subse-
quent conjugation with negatively charged RNA molecules for biomedical applications, 
enabling electrostatic interactions [19]. 

Table 2. DLS and ζ potential for AuNPs 

Hydrodynamic diameter average (nm) ± standard 
deviation (% Volume) 

ζ potential 
(mV) 

Peak 1 Peak 2 Peak 3 

AuNPs 
GM-CBX-b-PEI 

27.56 ± 4.54 (90.47%) 292.67 ± 33.43 (9.53%) - +6.32 ± 0.93 

3.3 Validation of Gold Nanoparticles Formation by UV-Vis Spectroscopy 

UV-Vis spectroscopy confirmed the formation of gold nanoparticles from 
HAuCl4.3H2O. The initial peak at 320 nm, attributed to AuCl4-, disappeared upon 
reduction by GM-CBX-b-PEI, while a new peak emerged at 520 nm, characteristic of 
the surface plasmon resonance of gold nanoparticles. This indicates the reduction of 
Au3+ to Au0 and subsequent nanoparticle formation. The observed surface plasmon 
resonance (SPR) at 520 nm is consistent with literature reports for gold nanoparticles of 
similar size [20–22] (Fig. 3). 

3.4 Optimal Methodology Determination for GM-CBX-b-PEI-Coated Gold 
Nanoparticles by MTT Assay 

MTT assay was conducted to identify the optimal methodology for GM-CBX-b-PEI-
coated gold nanoparticles. Table 3 outlines the experimental protocols, while Fig. 4 visu-
ally represents the coloration of each well, comparing treated samples to their respective 
controls. It’s important to note that some controls were shared across multiple protocols, 
as their influence was deemed negligible in certain cases. 

The MTT assay provided valuable insights into the optimal methodology for GM-
CBX-b-PEI-coated gold nanoparticles. Using DMSO and solubilization buffer to dis-
solve formazan crystals resulted in bubble formation, incomplete crystal dissolution, and 
interference with absorbance readings. Wells treated with PBS-MTT, instead of Medium-
MTT, failed to exhibit the expected purple color, turning yellow and potentially leading 
to inaccurate low cell viability assessments. 

As expected, increasing the nanoparticle concentration in Protocol 6 led to decreased 
cell viability compared to lower concentrations. Interestingly, Protocols 1 and 7–10
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Fig. 3. UV-Vis spectra of GM-CBX-b-PEI-coated gold nanoparticles and its precursors. 

Table 3. Overview of experimental methodologies for MTT assay. 

1 2 3 4 5 6 7 8 9 10 11 12 

A PBS 

B 

PBS 

DMEM 
Medium+Cells 

(without 
treatment), 

Nanomedicine 
lab protocol 

DMEM 
Medium+Cells 

(without 
treatment), 
Babaei, A. 

DMEM 
Medium+Cells 

(without 
treatment), 
Melendez-
Villanueva, 

M.A. 

DMEM 
Medium+Cells 

(without 
treatment), 
Modified 

nanomedicine 
lab protocol 3 

Roche 
protocol 

Alafaleq, N. 
O. protocol 

Modified 
nanomedicine 
lab protocol 1 

Modification 
of 

nanosystem 
preparation 

protocol 

Modified 
nanomedicine 
lab protocol 3 

DMEM 
Medium 
+MTT 

(without 
cells) 

PBS 

C 

D 

E 
DMEM 

Medium+Cells 
(without 

treatment), 
Roche 

DMEM 
Medium+Cells 

(without 
treatment), 

Alafaleq, N. O. 

DMEM 
Medium+Cells 

(without 
treatment), 
Modified 

nanomedicine 
lab protocol 2 

Nanomedicin 
e lab protocol 

Babaei, A. 
protocol 

Melendez-
Villanueva, 

M.A. protocol 

Maicas, I. 
protocol 

Modified 
nanomedicine 
lab protocol 2 

DMEM 
Medium 
(without 

cells) 

F 

G 

H PBS

showed no significant differences, indicating that nanoparticle preparation in water or 
medium does not significantly impact the results. Additionally, variations in MTT stock 
solutions did not affect the outcome, highlighting the importance of proper storage 
conditions. An extra PBS wash before adding Medium-MTT had a negligible effect 
on the results. Finally, while both isopropanol and ethanol were effective in dissolving 
formazan crystals, microscopic examination revealed residual crystals with ethanol, 
suggesting that isopropanol may be a more efficient solvent (Fig. 5). 
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Fig. 4. 96-well plate for experimental methodologies performed in MTT assay. 

Fig. 5. Cell viability of VERO cell line with MTT assay.
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4 Conclusions 

In conclusion, this study successfully demonstrated the green synthesis of GM-CBX-
b-PEI-coated gold nanoparticles with the desired size (28 nm) and ζ potential, making 
them suitable for biomedical applications. The optimal conditions for MTT assays were 
determined for these specific nanoparticles, highlighting the importance of tailoring 
experimental protocols to individual materials. Protocols 1, 8, and 9 were identified as the 
most suitable, as they yielded the expected results without interference and demonstrated 
non-cytotoxic effects, consistent with previous reports. These findings underscore the 
significance of optimizing experimental methodologies to ensure accurate and reliable 
results in future research involving gold nanoparticles. 
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