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�   Introduction
Over the past decades, silver nanoparticles have attracted 

great attention from scientists around the world due to their 
unique properties and wide applicability. Specifically, silver 
nanoparticles have been studied and used as catalysts¹ and 
biological probes.² In particular, thanks to their effective an-
timicrobial activity,³,⁴ silver nanoparticles are believed to be a 
potential solution to the problem of biological infection.

Throughout the world, the production of silver nanoparti-
cles has been carried out by different methods such as chemical 
reduction methods, physical reduction methods, biological 
reduction methods, etc. The FM Gutierrez team used chem-
ical agents to reduce silver ions to silver; the resulting silver 
nanoparticles were smaller than 100 nm.⁵ H. Jiang et al. used 
high-energy electromagnetic waves such as gamma rays, ul-
traviolet rays, and lasers to synthesize silver nanoparticles.⁶ 
Some studies used chemical reducing agents such as sodium 
borohydride,⁷ ascorbic acid⁸ to reduce silver ions to silver 
nanoparticles. In this study, we employed a chemical reduction 
method using sodium borohydride as a reducing agent because 
the method is the least time-consuming and requires minimal 
laboratory equipment.

Doxorubicin (Dox) is an active ingredient that is com-
monly used in breast cancer treatment today. However, Dox 
causes many serious side effects. Treatment with doxorubicin 
often leads to undesirable reactions that need to be closely 
monitored. Undesirable effects often depend on the route of 
administration, dosage, administration’s speed and frequency. 
Nausea, vomiting and hair loss are common in many patients. 
Impaired bone marrow function is a very common adverse 
reaction to dose limits. One more side effect worth noting is 

the accumulation of cardiotoxins in the patient’s body.⁹ Silver 
nanoparticles in drug delivery, especially for Doxorubicin as a 
breast cancer treatment, are of great significance in the bio-
chemistry field for their ability to bypass the cell membrane via 
endocytosis and to localize into the lysosomes. Here, the NPs 
release the drug directly, damaging cell’s DNA and lead to cell 
death.¹⁰ Thus, AgNPs lead the drug to its destination, reducing 
dosage and side effects.¹¹

Curcumin is a bright yellow chemical produced by Curcu-
ma longa plants. It is the principal curcuminoid of turmeric 
(Curcuma longa), a member of the ginger family, Zingiberaceae. 
Research by scientists in the late twentieth century has deter-
mined that curcumin plays an important role in the biological 
activities of turmeric. Based on in vitro and animal studies, 
scientists have proven that curcumin has antibacterial and an-
ti-scar wound healing properties.¹²,¹³ 

Burns are conditions of the skin due to heat damage which 
are very common in real life. First degree burns result in pain 
and reddening of the epidermis (outer layer of the skin) while 
second-degree burns (partial thickness burns) affect the epider-
mis and the dermis (lower layer of skin, causing pain, redness, 
swelling, and blistering which can lead to infection.  At the 
nanoscale, silver increases its antiseptic activity by up to 50000 
times greater compared with that of silver in ionic size. Silver 
nanoparticles can continually release silver ions and owing to 
electrostatic attraction and affinity to sulfur proteins, silver ions 
can adhere to the cell wall and cytoplasmic membrane. The ad-
hered ions can enhance the permeability of the cytoplasmic 
membrane and lead to disruption of the bacterial envelope.¹³ 
Therefore, the use of silver nanoparticles in combination with 
Curcumin with its antibacterial and anti-scar wound healing 
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properties is also seen as a potential approach in treating burns, 
which are easily infected and result in severe skin scarring.

In order for nanoparticles to disperse well in the solvent 
without agglomeration, a coating with a surfactant or an 
electrostatic method that causes the nanoparticles’ surface 
to have the same charge and repel each other is used.14 
Nanoparticles formed by these methods are usually less than 
100 nm in size. In this study, we examined the effectiveness of 
PVA as a biocompatible, water-soluble, inexpensive and non-
toxic surfactant in stabilizing and increasing the efficiency of 
drug-loaded silver nanoparticles.15 While Doxorubicin-loaded 
and Curcumin-loaded nanoparticles have been previously 
studied such as that of Y. Du et al. on Doxorubicin-loaded gold 
nanoparticles16 and S. Ravindra et al. on Curcumin-loaded 
silver nanoparticles hydrogels17 and PVA has previously been 
used in combination with silver nanoparticles as a stabilizer,18 
using PVA to stabilize and increase the efficiency of silver 
nanoparticles for loading and delivering doxorubicin and 
curcumin specifically is new. The first goal of our study is, by 
chemical reduction methods, to develop PVA-coated silver 
nanoparticle (AgNPs-PVA) synthesis process with NaBH₄ 
as the reducing agent and determine the physicochemical 
properties of silver nanoparticles that formed: structure, 
particle size, and distribution. Next, we compared the drug 
loading effectiveness of AgNPs-PVA for Doxorubicin and 
Curcumin to uncoated silver nanoparticles. The ultimate goal 
is to test anticancer properties of Doxorubicin-loaded AgNPs-
PVA (AgNPs-PVA-Dox) on cancer cells, and antibacterial 
properties of Curcumin-loaded AgNPs-PVA (AgNPs-PVA-
Cur) on mice and implement them for treatments on humans.
�   Result and Discussion
Analysis of Physicochemical Properties: 
In this study, we proceeded to coat silver nanoparticles with 

polyvinyl alcohol by in situ method, which means that Ag-
NPs-PVA nanoparticle synthesis process is in parallel with 
AgNPs granulation process.

Figure 2.1: Structural properties of AgNPs-PVA.

One of the roles of PVA as a coating agent in the synthesis 
of silver nanoparticles is to protect them from self-aggrega-
tion in solution. Structural flexibility and conformational 
dynamics of a stabilizing agent backbone or a polymer chain, 
adsorbed onto a nanoparticle surface, play an important role 
in colloidal stabilization, shape-controlled growth, as well as 
the water-protecting effect of silver nanoparticles.¹⁹ To gain a 
better understanding of non-bonded interactions, occurring at 
the organic/inorganic interface between PVA, the AgNP core, 
and the surrounding water molecules, a scheme of possible in-
teractions is given in Figure 2.1.

When conducting spectroscopy of the samples, each sample 
had a defined peak spectral height like the standard UV-
vis spectrum of silver nanoparticles from which the silver 
nanoparticles could be determined. In this case, the occur-
rence of silver nanoparticles could be detected if the UV-vis 
spectrophotometer result showed the absorption peak around 
wavelengths of 430 nm. Simultaneously, the higher the peak is 
on the absorbance axis, the more of the light with this partic-
ular wavelength is absorbed, indicating higher concentration 
of silver nanoparticles in aqueous solution. Thus, this property 
helps determine if the silver nanoparticles synthesis process 
had happened and make preliminary prediction of the concen-
tration of silver nanoparticles formed.²⁰

Based on this ground work, we varied the stirring time of 
each batch from 15 to 90 minutes in order to examine the 
occurrence and concentration of our silver nanoparticles sus-
pended in water at room temperature. We measured each batch 
with a UV-vis spectrophotometer, whose spectrum range was 
set from 350 nm to 700 nm, and obtained absorption peaks 
at 400 to 409 nm with absorbance of 0.075 to 0.25. This re-
sult indicated that silver nanoparticles were formed although 
the concentration of nanoparticles in solutions was quite low. 
However, the most optimal stirring was determined at 15

Figure 2.2: UV-Vis spectra of AgNPs-PVA solution over stirring time of 15 
minutes, 30 minutes, 45 minutes, 60 minutes, and 90 minutes.

Figure 2.3: Particle size distribution of AgNPs-PVA measured by DLS.
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minutes, which yielded the maximum peak wavelength at 409 
nm and highest absorbance at 0.25 (Figure 2.3).

With the formation of silver nanoparticles confirmed and 
optimal stirring time determined, we synthesized more batches 
and sent them to Academy of Chemical Engineering-Viet-
nam Academy of Science and Technology. Our aim was to 
measure the particle size distribution AgNPs-PVA by dynam-
ic light scattering (DLS), which determines a relaxation time 
for the decay of the autocorrelation function of the scattered 
light. From that, a diffusion coefficient inversely proportional 
to particle size can be extracted. Results of the size distribu-
tion of AgNPs-PVA nanoparticles by DLS showed that the 
nanoparticles formed were, in average, approximately 70.1 nm 
in size (Figure 2.5).

Consequently, to confirm that the silver nanoparticles have 
been coated with PVA, we conducted analysis of AgNPs-PVA 
by FTIR spectroscopy at wavenumbers 4000 – 400 cm-¹. Fig-
ure 2.4 shows that FTIR spectrum of AgNPs-PVA appears 
to have characteristic peaks at wavenumbers 3348 cm−¹, 1638 
cm−¹, 659 cm−¹, which corresponds to the O-H, C-C bond, 
and the torsional fluctuations of the OH group. This indicated 
the presence of PVA coating on the surface of AgNPs and 
bonds between PVA and AgNPs.

The final method of chemical analysis we employed was 
scanning electron microscopy (SEM), which scans a focused 
electron beam over of the nanoparticles. The electrons in the 
beam interact with the sample, producing various signals that 
can be used to obtain information about the surface topography 
and composition. SEM results showed that the AgNPs-PVA 
formed were spherical (Figure 2.5), the total number of par-
ticles was 394 and the average particle size was 46,764 nm 

Figure 2.4: FTIR spectra of AgNPs-PVA nanoparticles.

Figure 2.5: SEM measurement results of AgNPs-PVA.

(Table 3.1), which is smaller than the size measured by the 
DLS (Figure 2.5). 

The reason for the difference in the two methods lies in the 
mechanism of DLS, which does not measure size but, instead, 
diffusivities of AgNPs-PVA in an aqueous solution. If given 
monodisperse size distribution, i.e. all particles of the same 
size, then a size measurement by SEM should give a size sim-
ilar to that measured by DLS. If a distribution of particle sizes 
exists in a solution, DLS weights the distribution different-
ly compared to SEM, by size to the power of 6, essentially 
giving a z-average distribution. Larger particles are, therefore, 
given more weight, making the "average" size look larger than 
SEM’s. Hence, the SEM result is a more reliable indicator of 
AgNPs-PVA size.

Drug Loading Efficiency of AgNPs-PVA: 

We proceeded to load Doxorubicin and Curcumin onto 
AgNPs-PVA with concentration of 200 ppm by shaking 
and centrifuge. Based on Figure 2.1 in which the solid sil-
ver core is coated with dispersed PVA particles, the drug is 
expected to coat and be absorbed on the PVA surface of the 
AgNPs-PVA.

A standard calibration curve was constructed for AgNPS-
PVA-Dox and AgNPs-PVA-Cur in order to obtain the linear 
equation which was further used to calculate the drug-load-
ing efficiency. We prepared stock Doxorubicin and Curcumin 
solutions with a concentration of 100 ppm. From these two 

Figure 2.6: AgNPs-PVA-Dox solution (left), AgNPs-PVA-Cur (right).

Figure 2.7: Calibration curve showing the relationship between 
concentration and loading efficiency of Doxorubicin.
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stock solutions, suitable dilutions were prepared at 5 ppm, 10 
ppm, 15 ppm, 20 ppm, and 25 ppm. All the dilutions were 
analyzed by UV-Visible Spectrophotometer. The values of 
absorbance were then recorded and a standard curve was con-
structed by plotting absorbance against concentration. From 
this curve a regression line equation was obtained in MS Ex-
cel format.

Once the calibration curve for Doxorubicin was obtained, 
we analyzed our 200 ppm AgNPs-PVA-Dox, which was 
synthesized beforehand, by UV-Visible Spectrophotome-
ter. The absorbance was recorded at 0.2632, which was then 
plotted into the equation of the calibration curve to calcu-
late the unloaded Doxorubicin amount of 16.2090 ppm. This 
experimental result showed that Doxorubicin drug loading 
efficiency of AgNPs-PVA reached 91.9455% (Figure 2.7).

Once the calibration curve for Curcumin was obtained, we 
analyzed our 200 ppm AgNPs-PVA-Cur, which was syn-
thesized beforehand, by UV-Visible Spectrophotometer. The 
absorbance was recorded at 1.9679, which was then plotted 
into the equation of the calibration curve to calculate the un-
loaded Curcumin amount of 7.4883 ppm. This experimental 
result showed that Curcumin drug loading efficiency of Ag-
NPs-PVA reached 96.2559% (Figure 2.8).

Antibacterial Properties of AgNPs-PVA and 
AgNPs-PVA-Cur: 

The experimental results showed that AgNPs-PVA became 
antibacterial at the concentration of 5 ppm. At a concen-
tration of 5 ppm, diameters of the zones of inhibition of 
AgNPs-PVA in both bacteria were greater than 10mm. The 
greatest diameters recorded were 20mm from the concentra-
tion of 40 ppm for Bacillus cereus and 20mm from the 

Figure 2.8: Calibration curve showing the relationship between 
concentration and loading efficiency of Curcumin.

Figure 2.9: Petri dishes showing zones of inhibition against  bacteria 
Bacillus cereus (gram positive) and E. coli bacteria (gram negative) for AgNPs-
PVA concentrations of 5 ppm, 10 ppm, 20 ppm, 30 ppm, 40 ppm.

a) Bacteria Bacillus cereus (gram positive) b) E. coli bacteria (gram negative)

concentration of 40 ppm for E. coli. This confirms the anti-
bacterial potential of AgNPs-PVA (Figure 2.9).

The experimental results showed that AgNPs-PVA-Cur 
became antibacterial at a concentration of 5 ppm. At a concen-
tration of 5 ppm, the zone of inhibition of AgNPs-PVA-Cur 
is greater than 15mm. The greatest diameters recorded were 
23mm from the concentration of 40 ppm for Bacillus cereus 
and 21mm from the concentration of 40 ppm for E. coli This 
confirms the antibacterial potential of AgNPs-PVA-Cur and 
shows an improvement in antibacterial potential of AgNPs-
PVA-Cur when compared with AgNPs-PVA (Figure 2.10).
�   Conclusion
In this study, we have successfully synthesized AgNPs-PVA 

with particle size of 70.1nm measured by DLS and 46.7nm 
measured by SEM. We proceeded to examine the drug load-
ing efficiency of AgNPs-PVA for Doxorubicin and Curcumin, 
which reached 91.9455% and 99.2411%, respectively. We have 
tested the antibacterial activity of AgNPs-PVA and AgNPs-
PVA-Cur on gram (+) Bacillus cereus and gram (-) E. coli for 
concentrations of 5 ppm, 10 ppm, 20 ppm, 30 ppm, 40 ppm 
and found that AgNPs-PVA and AgNPs-PVA-Cur become 
antibacterial at the concentration of 5 ppm and above. Hence, 
AgNPs-PVA-Dox was found to have the potential to be test-
ed on breast cancer cells and be implement into breast cancer 
therapeutics due to their high drug loading efficiency. Further-
more, AgNPs-PVA-Cur was found to have the potential to be 
tested on burns spots on mice due to their antibacterial activity. 
�   Methods
Materails:
Chemicals included silver nitrate (AgNO3), sodium boro-

hydride (NaBH4), and polyvinyl alcohol (PVA) obtained from 
Scharlau Chemicals (Spain), Curcumin from Ho Chi Minh 
City University of Agriculture and Forestry, and Doxorubicin 
hydroclorid (10 mg/5 ml) from Fresenius Kabi.

We used gram-positive bacteria Bacillus cereus, gram-neg-
ative E. coli from Ho Chi Minh City University of Natural 
Sciences to investigate the antibacterial properties of Ag-
NPs-PVA and AgNPs-PVA-Cur.⁶

The Process of Synthesizing AgNPs-PVA from AgNO3, 
NaBH4:

The silver nanoparticle synthesis process was carried out as 
follows. A 0.001M AgNO3 solution was dripped into 50 ml 
of 2% PVA solution. Then, while while the mixture was being

Figure 2.10: Petri dishes showing zones of inhibition against  bacteria 
Bacillus cereus (gram positive) and E. coli bacteria (gram negative) for AgNPs-
PVA concentrations of 5 ppm, 10 ppm, 20 ppm, 30 ppm, 40 ppm.

a) Bacteria Bacillus cereus (gram positive) b) E. coli bacteria (gram negative)
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stirred for 15 minutes in the dark, 0.001M NaBH4 was add-
ed dropwise until the solution turned pale yellow. The reacted 
solution was centrifuged at 13000 rpm and washed three times 
with deionized distilled water. The obtained AgNPs-PVA was 
stored at 4oC.²¹

The Process of Loading Doxorubicin and Curcumin into 
AgNPs-PVA:

1 ml of Dox / Cur solution (0.2 mg / mL) was added to 9 ml 
of AgNPs-PVA solution (2 mg / ml) at pH = 7.4. The reaction 
mixture was shaken with a shaker at temperature 37 ° C for 24 
hours in the dark. Then, the reaction mixture was centrifuged 
for 15 minutes.²²

Chemical Analysis Methods:
Ultraviolet–visible spectroscopy (UV–Vis) is a quantitative 

analysis method, based on the absorption effect that occurs 
when matter molecules interact with electromagnetic radi-
ation. The radiation region used in this study is the infrared 
region with wavelengths from 350 to 700 nm. The phenome-
non of electromagnetic radiation absorption complies with the 
Bouger - Lambert - Beer law. In this study, we used the model 
UV-Vis Biochrom S60 from Ho Chi Minh City Pedagogical 
University.

Dynamic light scattering (DLS) is a technique that can be 
used to determine the size distribution profile of small parti-
cles in suspension or polymers in solution. Fourier-transform 
infrared spectroscopy (FTIR) is a technique used to obtain an 
infrared spectrum of absorption or emission of a solid, liquid, 
or gas. Scanning electron microscope (SEM) is a type of elec-
tron microscope that produces images of a sample by scanning 

the surface with a focused beam of electrons. In this study, we 
sent the silver nanoparticles to Pharmaceutical Chemistry Re-
search Center - Vietnam Academy of Science and Technology 
to be analyzed by DLS, FTIR, and SEM.

Data Analysis Methods:
Particle size: we used ImageJ software to analyse the particle 

size of AgNPs-PVA from SEM results. The count in the sec-
tion was 394 particles, with total area of 18425. Therefore, the 
average size of nanoparticles calculated was 46.764nm.

Drug loading efficiency:
-A standard calibration curve was constructed for AgNPS-

PVA-Dox and AgNPs-PVA-Cur in order to obtain the linear 
equation which was further used to calculate the drug-loading 
efficiency. For this purpose, stock Doxorubicin and Curcum-
in solutions were prepared with a concentration of 100 ppm. 
From this stock solution, suitable dilutions were prepared at 5 
ppm, 10 ppm, 15 ppm, 20 ppm, and 25 ppm. All the dilutions 
were analyzed by UV-Visible Spectrophotometer (UV-Vis 
Biochrom S60). The values of absorbance were recorded and a 
standard curve was constructed by plotting absorbance against 

Diagram 1.1: The process of particle synthesis AgNPs- PVA.

Diagram 1.2: The process of synthesizing AgNPs- PVA-Dox and AgNPs- 
PVA-Cur.

Table 1: Absorbance values of Doxorubicin solution at 1 ppm, 2 ppm, 3 
ppm, 4 ppm, 5 ppm.

Table 2: Absorbance values of Curcumin solution at 1 ppm, 2 ppm, 3 ppm, 
4 ppm, 5 ppm.
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concentration. From this curve a regression line equation was 
obtained in MS Excel format.

-We proceeded to analyze our 200 ppm AgNPs-PVA-Dox/
Cur, which was synthesized beforehand, by UV-Visible Spec-
trophotometer. The absorbance was recorded, which was then 
plotted into the equation of the calibration curve to calculate 
the unloaded amount of Doxorubicin and Curcumin. Conse-
quently, the loading efficiencies were obtained.

-The efficiency of Doxorubicin loading is calculated by the 
formula below:²³

Analyzing antibacterial properties: In order to test Ag-
NPs-PVA and AgNPs-PVA-Cur’s antibacterial properties, 
bacteria Bacillus cereus (gram positive) and E. coli bacteria 
(gram negative) were cultivated in petri dishes. Next, stock Ag-
NPs-PVA and AgNPs-PVA-Cur solutions were prepared with 
a concentration of 100 ppm. From this stock solution, suitable 
dilutions were prepared at 5 ppm, 10 ppm, 20 ppm, 30 ppm, 
and 40 ppm. 10g of each solution was injected into the petri 
dishes with corresponding amount of Doxorubicin and Cur-

cumin to be 50µg for 5 ppm, 100µg for 10 ppm, 200µg for 20 
ppm, 300µg for 30 ppm, and 400µg for 4 ppm.
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