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4.2.2.2 Characterization of synthesized silver nanoparticles

AgNPs were analysed by UV-Vis, using a quartz cuvette with a 1 cm path length. A 1.5 mL
of de-ionised water was transferred into the cuvette and used as blank for the
spectrophotometer used. The AgNPs were analysed by transferring 1.5 mL of the sample into
a cuvette and measuring its absorbance reading at ODgg with the spectrophotometer.

For further analysis of the AgNPs samples, TEM micrographs were obtained using TEG
Technai F20 micro-analyser. A 1 uL aliquot of each AgNPs sample was placed on a carbon
coated copper grid and kept under vacuum desiccation for a few minutes to dry. After drying,
the copper grids were loaded onto a specimen holder. The TEM images of AgNPs samples
were captured. Image J software was used to determine the particle size from which particle

size distribution was plotted.
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4.3 Results and Discussion

This section presents the results and discussion of the characterization of the synthesized
AgNPs made with either PVP or citric acid as a dispersing agent. The effect of varying
parameters such as concentration of dispersing agent, time of light exposure and pH are
presented and discussed. The colour, size and shape of synthesized AgNPs are also discussed

in this section.

4.3.1 Silver nanoparticles prepared in the presence of PVP

AgNPs were synthesized with PVP as dispersant according to the method described in
section 4.2 Table 3. The following parameters were varied systematically: molar ratio of
dispersant, time exposure to light source, and pH. All samples were exposed to the light for 1,
2 or 3 h and pH was fixed at 9 or varied between 6 to 10.5 (Table 3). UV-Vis was used to
determine the size and the shape of nanoparticles and TEM images confirmed the size and
their corresponding particle size distribution. Please note AgNPs colour change and UV-Vis
figures are labelled (a) and (b) while TEM images and particle size distribution figures are

labelled (c) and (d) respectively.

4.3.1.1 Influence of the concentration of PVP on AgNPs formation
Samples A1, A2 and A3 were obtained by respectively adding 0.4, 2 and 4 mg/mL of PVP to
0.4 mg/mL silver nitrate solution and exposing under photolight for 3 h at a pH of 9. UV-Vis

and TEM were used to analyse samples A1, A2 and A3.
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Figure 4: Synthesis of AgNPs using AgNO; with varying PVP concentrations. (a) Observable colour
change at 3 different PVP concentrations. (b) UV-Vis absorbance spectra of the synthesized particles.
Al, A2 and A3 represent reactions of AgNO; with 0.4, 2 and 4 mg/mL PVP respectively.

Figure 4(a) illustrates the colour change of silver nitrate and PVP solution to three shades of
green (light green for Al (0.4 mg/mL PVP), yellowish for A2 (2 mg/mL PVP) and deep green
for A3 (4 mg/mL PVP) after light exposure. The change of colour indicates the synthesis of

AgNPs and the different colour indicated different particle sizes and shapes.

The formation of AgNPs was further confirmed by the UV-Vis in Figure 4(b) (a valuable tool
for characterizing the structures of AgNPs). Sample Al showed a large band with low
absorbance at about 430 nm and a shoulder at 380 nm, while A2 gave a band at 450 nm with
highest absorbance compared to Al and A3. The broadness of the peak in sample Al
indicates particles size distribution and the shift of absorption peak from 430 nm to 450 nm
(longer wavelength) indicates bigger particle size (Brause et al., 2002). By increasing the
concentration of the dispersing agent, the wavelength of sample A3 gave a band with high
absorbance, which was blue-shifted to 420 nm indicating small particle sizes. The low
absorbance observed in Al indicated that with the molar ratio AgNO;: PVP of 0.4:0.4, fewer

AgNPs were formed. There were much more synthesized AgNPs with the molar ratio AgNOs:
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PVP of 0.4:2 (A2) and 0.4:4 (A3). These observations suggest that the dispersing agent (PVP)

should be in excess to ensure the synthesis of spherically shaped AgNPs.
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Figure 5: TEM images (c) and size distribution (d) of silver nanoparticles in A1, A2 and A3.
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The size and morphology of AgNPs were investigated using TEM analysis. TEM images and
their size distribution are shown in Figure 5 (c) and (d). The particle size distribution of
sample Al was presented (length and width) due to its needle-like shape in Figure 5 (d).
Sample Al gave an average length of about 150 nm and average width of around 90 nm.
Samples A2 and A3 have an average particle size of 4.08 nm and 54.66 nm, respectively. It
can be observed from TEM particle size that in sample A2 most of the nanoparticles were
sized below 20 nm while A3 nanoparticles were sized between 30-60 nm. According to
particle size distribution, the conditions applied to prepare A2 seemed to work the best

compared to Al and A3 because of its small particle size.

4.3.1.2 Influence of light exposure time on the formation of silver nanoparticles.
Samples A4, A5 and A3 were obtained by exposing silver ions and PVP solution to
photolight for 1, 2 and 3 h, respectively. A visual colour change was observed. UV-vis and

TEM were used to investigate the sizes and shapes of the synthesized AgNPs.
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Figure 6: Colour change (a); UV-Vis absorbance (b) for AgNPs in sample A4, A5 and A3.
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In figure 6 (a), an observable colour change from the colourless solution of PVP with silver
nitrate to yellow, black and deep green for samples A4, A5 and A3, respectively was
obtained. The change of colour indicates the potential formation of AgNPs. The colourless
solution of PVP with silver nitrate, when exposed to light for 1 h resulted in a yellow colour,
which indicates the initiation of AgNPs formation. As the time of reaction increases to 2 h,
the colour changes from yellow to black, and from black to green with further increase in
exposure time to 3 h. The results of Figure 6 (a) correlates to those obtained by Shameli et al,

(2012) using phytosynthesis method.

The UV-vis spectrum obtained in Figure 6 (b) showed that with 1 h (A4) of light exposure
there was low absorbance at a wavelength of about 460 nm. By increasing the time of light
exposure to 2 h (AS), the absorbance band shifted to the shorter wavelength (blue shift) of
430 nm indicating small particles size. After increasing the time of light exposure to 3 h, A3
showed a well-defined surface plasmon band centered at a wavelength of about 420 nm.
Previous studies by Huang et al., (1999) using a photochemical reduction method showed
that the increase of time exposure caused the absorbance peak to gradually shift towards
shorter wavelengths. There is a similar trend observed with the results presented in Figure 6
(b) as it could be seen that by increasing the time of light exposure, the absorbance band blue-
shifted from 460 (A4) to 430 (A5) nm and A3 has also blue-shifted from 430 (AS5) to 420

(A3) nm.
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Figure 7: TEM analysis of AgNPs formed at varying photolight exposure time. (c): Images and (d)
size distribution of silver nanoparticles in A4, A5 and A3.
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The TEM images and their corresponding particle size distribution of AgNPs at different time
are presented in Figure 7 (c) and (d). Sample A4, A5 and A3 have mean particles size of 4.39
nm, 88.97 nm and 54.66 nm, respectively. Sample A5 has shown the largest particles size
decahedron shape. In comparison with TEM and particle size distribution, A4 resulted in

small size and widely dispersed AgNPs while A5 and A3 produced bigger particle sizes.

4.3.1.3 Influence of pH on the formation of silver nanoparticles

The last parameter that was varied was pH to assess its influence on AgNP formation. The
PVP solution was adjusted to pH 6, 9 and 10.5 as indicated in Table 3 for samples A6, A3 and
A7. After adjusting the pH of PVP, silver nitrate solution was added and the solution was
exposed to light for 3 h. Different colour changes were observed when varying pH. UV-Vis
and TEM were used to characterise samples A6, A3 and A7 as shown in figure 8 and 9,

respectively.
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Figure 8: Synthesis of AgNPs at three different pH values. (a): Observable colour change at the
different pH values 6, 9 and 10.5. (b): Corresponding UV-Vis absorbance spectra for A6, A3 and A7.
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The colour change in Figure 8 (a) was observed after exposing silver nitrate and PVP solution
to light with an adjusted pH of 6, 9 and 10.5 for A6, A3 and A7, respectively. The colourless
solution of silver nitrate and PVP changed to gray, deep green and yellow (A6, A3 and A7)

respectively. The change in colour is the initial indication of the formation of AgNPs.

The UV-Vis absorption spectrum was further used to confirm the formation of AgNPs as
shown in Figure 8 (b). The pH adjustment to 6 (A6), which is known as circum neutral pH
gave an absorbance band at 420 nm, indicating suppression of large nanoparticle formation.
The alkaline pH of 9 (A3) and 10.5 (A7) showed a well-defined surface plasmon band
centered at around 430 nm, which clearly indicated the synthesis of nanoparticles. The
observations showed that by increasing the pH from neutral to alkalinity the absorbance band
has red shifted from 420 nm to 430 nm indicating big particles sizes. Using photolight as a
reducing agent, the low pH of 6 (A6) produced a shoulder band shifting to the shorter
wavelength with very small nanoparticles, while high pH of 9 and 10.5 produced well defined
AgNPs UV spectrums with larger sized nanoparticles. High pH level produces large number
of nanoparticles with a smaller surface area (Vanaja et al., 2013; Qin et al., 2010). The pH is
considered as one of the factors that influence the synthesis of nanoparticles, as the size and
the shape of nanoparticles are dependent on the pH of the solution (Vanaja et al., 2013). The
observations showed that sample A6 (circum neutral pH) produces the best AgNPs compared

to alkaline pH (pH 9 and 10.5).
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Figure 9: TEM analysis of AgNPs formed at different pH values. (¢): TEM images and (d): size

distribution of silver nanoparticles in A6, A3 and A7.
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For further characterization of the results obtained in Figure 8 (b), TEM analysis was used to
determine the size and morphology of AgNPs, as shown in Figure 9 (c). TEM images showed
that in the case of A6 the particles are spherical in shape and very uniform in size and smaller
than 7nm. The particle size distributions are shown in Figure 9 (d), where sample A6 has an
average particle size of 3.48 nm, A3 and A7 have average particles size of 54.66 nm and
13.16 nm, respectively. Using the photolight synthesis, the observations in Figure 9 (d) shows

that increase in pH increases the size of AgNPs.

4.3.2 Silver nanoparticles prepared in the presence of citric acid.

Silver nanoparticles were synthesized with citric acid as dispersant as described in section 4.2
Table 3. The following parameters were varied systematically: molar ratio of dispersant,
exposure time to light and pH of citric acid. The samples were exposed to the light for 1, 2 or
3 h and pH was set at 9 and then varied to 6 and 10.5 (Table 3). UV-Vis analysis was used to
determine the size and shape of nanoparticles formed and TEM was used to confirm the size
and corresponding particle size distribution of the particles. Please note AgNPs colour change
and UV-Vis figures are labelled (a) and (b) while TEM images and particle size distribution

figures are labelled (c) and (d) respectively.

4.3.2.1 Influence of citric acid concentration on AgNPs formation

Samples B1, B2 and B3 (Figure 10 (a)), were obtained from three different concentrations of
citric acid: 0.4, 2 and 4 mg/mL at the same pH. The citric acid solutions were added
separately to silver nitrate solution and exposed to photolight for 3 h per sample. UV-Vis and

TEM analysis were used to analyse samples (Figure 10).
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Figure 10: Colour change and UV-Vis analysis of citric acid formed AgNPs. (a): observable colour
change at different citric acid concentration; B1, B2 and B3 = 0.4, 2 and 4 mg/mL citric acid
respectively. (b): UV-Vis absorbance spectra of B1, B2 and B3 represented respectively by blue, red
and green curves.

Figure 10 (a), showed the colour change of the solution at different concentrations of citric
acid with silver nitrate reduced by light. The colourless citric acid/silver nitrate solution
gradually turns brownish (B1), light brown (B2) and gray (B3) in 0.4, 2 and 4 mg/mL citric
acid respectively. The colour change indicated the initial formation of AgNPs and it was

confirmed by UV-vis (Figure 10 b) and TEM analysis (Figure 11).

UV-Vis both confirmed the formation of AgNPs and estimated their sizes and shapes. Sample
B1 with a molar ratio of 0.4 to 0.4 of AgNOs to citric acid, showed an absorbance band at a
wavelength around 430 nm, an absorbance of averagely large nanoparticles. As the molar
ratio of citric acid to AgNOs increased to 2:0.2 (B2), and 4:0.2 (B3), the absorbance band
wavelength decreased from 430 nm to 420 and 412 nm respectively. This is a precise
indication that the higher the citric acid concentration the smaller and smoother the
nanoparticles become. The sizes of these particles were further verified using TEM analysis

(Figure 11).
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Figure 11: TEM analysis of AgNPs formed in different concentrations (0.4, 2 and 4 mg/mL) citric
acid. (c): TEM images of B1, B2 and B3. (d): size distribution of silver nanoparticles in B1, B2 and
B3.

Diameter (nm)

TEM images in Figure 11 (c) showed that the nanoparticles were mainly of spherical shapes
but of different sizes as expected for the three different concentrations of citric acid
concentrations B1, B2 and B3. Though visual observation of the images (c) may suggest that
B3 has the largest sizes, the size distribution analysis actually suggest as expected that B3 has
the smallest particles sizes. Figure 11 (d) represents the particle size distribution of AgNPs,

where sample B1 had a mean particle size of 63 nm. Sample B2 and B3 had a mean particle
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size of 5.4 and 3.91 nm, respectively. Though visual observation of the images in Figure 11
(c) may suggest contrarily, namely that B3 has the largest sizes, the particle size distribution
results in Figure 11 (d) confirms as expected that B3 has the smallest particles. This size
distribution results correspond perfectly with the UV-Vis analysis (Figure 11 (c¢)) as the UV-
Vis absorbance reading for B1, B2 and B3 blue-shifted from 430 nm to 420 nm and to 412
nm indicating a corresponding decrease in particle sizes. These results clearly suggest that the
concentration of the dispersing agent citric acid is inversely proportional to the sizes of

AgNPs formed in aAgNOs/citric acid reaction at constant pH.

4.3.2.2 Influence of the time of light exposure on the formation of AgNPs.

Energy is transferred in the form of photons of light and the number of photons that interact
with a sample may have a large effect on the outcome of the reaction. In this analysis, the
effect of exposing light on the formation of AgNPs was verified by exposing three different
samples B4, B5 and B3 to the same light source for different duration of time namely 1, 2 and
3 hours (Section 4.2). The effects of the exposure of the same concentration of silver ions and
citric acid solution in B4, B5 and B3 to light for 1, 2 or 3 h, respectively were monitored first
by observing the visual colour difference, and then analysing by UV-vis and TEM. A visual
colour change to a light green, gray and brown solution was observed for the respective
exposure times (Figure 12 (a). Figure 12 (b) shows a UV-vis spectrum of the samples and

Figure 13 shows a TEM analysis of the sample.
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Figure 12: Visual colour observation and UV-vis analysis of the effect of light exposure time on
AgNPs formation. (a): Colour change from light green (B4), to gray (B5) and brow (B3). (b): UV-vis
absorbance spectrum of B4, BS and B3.

Figure 12 (a) shows the first indication of the formation of AgNPs, a colour change from the
colourless citric acid/AgNOs solution to light green, gray and brown solutions as a result of
exposure to the same amount of light at different durations of time. The observations suggest
a definite effect of amount of light on the formation of AgNPs. The spectrum shows that B4
absorbs at highest wavelength of about 420 nm, B5 at about 412 nm and B3 at about 415 nm.
This changes in wavelength suggest that largest size nanoparticles were formed after 1 h and
that further exposure to light refines the particles to smaller sizes but and over exposure to
light starts causing the particles to increase in size again. Hence an optimized amount of light
is needed to obtain AgNPs of a particular size. UV-vis absorbance spectrum of the samples
shows that the particles absorb the greatest amount of light after exposure to light for an hour
(420 nm in B4). Further exposure, however, results in a decrease in the wavelength of length
of light absorbed (412 nm in BS5 after 2 h). Counter intuitively, further exposure rather
changes the absorbance wavelength to the increasing direction from 412 nm in B5 after
2 hours to 415 nm after 3 hours in B3. When correlating nanoparticles absorbance

wavelength to particle size distribution it shows that the largest particles are formed
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immediately at the beginning of reaction exposure to light. These particles decrease in size to
optimum particle size at a particular light energy absorbance after which the particles start

deforming and increasing in size again. This preposition was verified by TEM as recorded in

Figure 13
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Figure 13: TEM image analysis and particle size distribution of AgNPs formed from exposure of
citric acid/AgNO; solution to light for 1 hour (B4), 2 hour (B5) and 3 hours (B3). (¢): TEM images of
B4, B5 and B3 adjusted to a 20 nm scale; (d): size distribution of silver nanoparticles in B4, BS and
B3.
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TEM images presented in Figure 13 (c¢) showed spherically shaped AgNPs in all samples
(B4, B5 and B3) and nanoparticles were highly distributed in B4 and B3, while B5 showed
slightly agglomeration of AgNPs. The images (c) show sparsely distributed spherical
particles in B4 and BS5 but slightly agglomerated particles in B3. The average size distribution
(d) indicates that the particle sizes decreased with an increase in exposure time. This is not
directly in agreement with the UV-vis observation that there is an initial decrease of particle
size with exposure time, which started to increase after a certain light exposure. The images
are in line with the UV-vis observations in Figure 12 as there is a clear indication that the
particle sizes at the beginning of light exposure are larger in size compared to those obtained
after two hours of light exposure. It can be seen that 2 h exposure time was the optimum
exposure time as there are a good number of particles formed and of small sizes.
Agglomeration of the particles at this time suggest that too many have formed and potentially
calls for the adjustment of the reactant concentrations or the solution’s pH. Further exposure
at 3 h shows disappearance and increase in size of the particles, an observation that correlates
once again with the UV-vis observation and which, therefore calls one to, always be precise
with the amount of light and time of exposure when nanoparticles of a particular size and
quantity are desired. Readings from the size distribution plots of Figure 13 (d) agree perfectly
with the observation in the Figure 13 (c) image of B4 and B5 showing a mean particle size of
40.06 nm in B4 and 14.12 nm in B5. However, there is a sharp disagreement between the
observation in B5 and B3 where UV-vis and TEM images suggest a reverse in observation
i.e. an increase in particle sizes from B5 to B3. The mean particle size according to the plot in
Figure 13 (c) further decreases from 14.12 nm to 3.91 nm. This abnormality may be
attributed to the disrupted, irregular and changing structures of the particles as experimental

time proceeds. However, this observation calls for further verification.
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4.3.2.3 Effect of pH on the formation of AgNPs

The pH of a solution is the measure of the hydrogen ion or hydronium ion content of the
solution. pH effects reactions in very different ways. In this section, the effect of pH on the
formation of AgNPs using citric acid and AgNO; was investigated. The citric acid solution
was adjusted using 3 M NaOH to pH 6, 9 or 10.5 for samples B6, B3 and B7 (Table 3). The
same concentration of citric acid was added to each of the citric acid solutions in B6, B3 and
B7 and the solution exposed to light for 3 h. Like in previous sections, colour change was
monitored as indication of AgNPs formation and UV-vis and TEM analysis were used to
investigate the sizes and shapes of the particles. Figures 14 and 15 document the outcomes of

these investigations.
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Figure 14: Verification of the formation of AgNPs at three different pH values. (a): Colour change
observations after 3 hin pH 6, 9 and 10.5 in B6, B3 and B7.

As expected, pH variations definitely influenced the formation of AgNPs. The colour
changes, from the colourless citric acid/AgNO; solution to black in B6, gray in B3 and
yellow in B7 after 3 h of exposure to light. (b) UV-Vis absorbance spectrum of the AgNPs

formed in B6, B3 and B7. The spectrum shows that B7 and B3 absorb UV-radiation of the
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same wavelength, 413 nm although B6 also shows a broader spectrum curve. B7 for its part,
showed the absorbance of a slightly shorter wavelength at 410 nm. Hence higher pH values
favoured formation of smaller and well defined AgNPs. It was observed that increasing the
pH from weak acid point at pH 6 to a strong basic point at 9 and 10.5 resulted in the fine
tuning of the broad spectrum curve observed for B6 (pH 6) to a narrower symmetrical curve
for B3 and B7 at pH 9 and 10.5 respectively. B6 and B3, though different in the broadness
and symmetry of the absorbance curve, do absorb UV of the same wavelength 413 nm,
indicating that there is no significant difference between AgNPs formed at pH 6 and pH9.
The narrower and more symmetrical spectral curves of B3 and B7, however indicate that
more well-defined and smooth particles are formed at these higher pH values. Also there is a
slight shift in the UV absorbance at pH 10.5 to 410 nm indicating that the particles are not
only well defined but are also smaller in size. The results suggest that pH values above 9 are
good for AgNPs formation. These observations were further verified by TEM analysis as

recorded in Figure 15.
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Figure 15: TEM images and size distribution of AgNPs formed at pH 6, 9 and 10.5 after 3 h of
exposure to light. (c): TEM images of samples from B6, B3 and B7; (d) size distribution plots of the
corresponding TEM images B6, B3, B7.

The TEM images presented in Figure 15 (c) show that the particles obtained are spherical in
shape, with sizes in the 100 nm range. The TEM images and their size distribution also reveal

that, the mean diameter of B6 was 10.9 nm, B3 was 3.91 nm and B7 was between 5.16 nm
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and 48.19 nm. The results here do not agree with the suggestion of the UV-vis observations
namely, B7 and B3 absorbed UV at the same wavelength hence, potentially have particles of

the same size, and B7 absorbs at a lower wavelength of 410 nm hence, smaller size particles.

The inconsistency and non-correlation between UV-vis suggestion and TEM size distribution
calls for a further investigation of the experiments and their application in preparing of
nanoparticles. Nonetheless, these instruments were used to confirm the formation of AgNPs
and to individually characterize them. These particles would be used in the next section of
this work to investigate their toxicity on the eukaryotic unicellular yeast, S. cerevisiae, as a

model to postulate the effect of the particles on eukaryotes cells in general.
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CHAPTER S

The assessment of toxicity of silver nanoparticles using Saccharomyces cerevisiae

as bio-indicator.

Abstract

Silver nanoparticles (AgNPs) are commonly used in consumer products to prevent the
undesirable growth of bacteria, fungi and algae. The release of these nanoparticles from
consumer and household products into waste-water streams and further into the environment
may pose a threat to non-target organisms, such as natural microbes and aquatic organisms.
The aim of this study was to investigate the toxicity of AgNPs using the yeast,
Saccharomyces cerevisiae (S. cerevisiae). The toxicity of AgNPs was assessed using cell
metabolic activity as biomarker. Metabolic activity was monitored using XTT chromogenic
assays. S. cerevisiae was incubated with Malt Extract Broth (MEB) containing different
concentrations of AgNPs at 37°C for 24 h. After the incubation, XTT assays were performed
to assess the cell proliferation. The XTT results showed that high concentration of AgNPs
inhibit the growth of S. cerevisiae. The data obtained also showed that different methods
applied in synthesizing AgNPs results to particles with different toxicity potentials. Data also

showed that the degree of toxicity is dependent on the shape and size of the nanoparticles.

Keywords: AgNPs, toxicity, S. cerevisiae, XTT assay
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5.1 Introduction

The distinctive chemical and physical properties of silver nanoparticles make them excellent
candidates for antimicrobial activity (Jun Sung, et al., 2007). In addition, their antimicrobial
and anti-inflammatory properties also make them good candidates for many purposes in the
medical field (Panyala et al., 2008). However, the release of silver nanoparticles into the
environment is a potential thread to both aquatic and non-aquatic life (Reidy et al., 2013).
Studies and reports suggest that silver nanoparticles cause adverse effects in humans (Prabhu
and Poulose, 2012). It is estimated that tonnes of silver nanoparticles are released from
industrial wastes and it is believed that the toxicity of silver in the environment is due to free
silver ions in the aqueous phase. The effect of free silver ions on human and animals, when
ingested include permanent bluish-gray colouration of the eyes or the skin (Panyala et al.,
2008). Exposure to soluble silver nanoparticles may lead to kidney and liver damage, and to
changes in the morphologies of blood cells.

Hassain et al., (2005) assessed the in vitro toxicity of several nanoparticles, including silver
nanoparticles (15 and 100 nm) on a rat liver derived cell line (BRL 3A).After 24 h of
exposure, the mitochondrial function and membrane integrity (measured as Lactose
Dehydrogenase (LDH) leakage) were significantly decreased. The LDH leakage was a result
of the dose of AgNPs and was more severe for 100 nm than 15 nm particles. Evaluation with
visual microscopy indicated that not all nanoparticles accumulated in the cell, some remained
associated with membranes. All tested nanoparticles (Fe;O4, Al, M0O3, and MnQO,) appeared
to be less toxic than AgNPs. The observed cytotoxicity was due to oxidative stress, as
indicated by the detection of intracellular glutathione (GSH) depletion, reduced potential of
mitochondrial membrane and increased ROS levels (Hussain et al., 2005). Similar
concentration-dependent cytotoxicity was observed when the same AgNPs were introduced

on a mouse cell line, with spermatogonial stem cell characteristics under study (Braydich-
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Stolle et al., 2005). In another study, AgNPs (~30 nm) were again classified amongst the
most cytotoxic nanoparticles compared to TiO,, Fe;Os;, Al,Os, ZrO, and SizN4. These
particles were tested on marine alveolar macrophage cell line, human alveolar macrophage
cell line and epithelial lung cell line (Soto et al., 2005, 2007). Silver nanoparticles aggregates
are said to be more toxic than asbestos used for house roofing (Hussain et al., 2005). By
using human alveolar epithelia cell line (A549), metallic nanoparticles (Ag, TiO, Ni, Zn and
Al) were shown to induce variable levels of cellular toxicity in a dose dependent manner. In
addition, neuroendocrine cells were found to be sensitive to the cytotoxic activity of silver
nanoparticles (15 nm) (Hussain et al., 2005). Table 4 summarises the impact of AgNPs on

various cell lines (Reidy et al., 2013).

67



Table 4: Silver nanoparticles used in in vitro biological experiments and their impacts (Reidy et al., 2013).

Study Shape Size (nm) Coating 1C50 Organism Main outcomes
“Aroraetal -, spherical 710 Not stated 61 fig/mL primary s Silver nanoparticles present in mitochondria and cytoplasm
2009 {fibroblasts) fibroblasts o Silvernanoparticles trigger cellular antioxidant mechanism
and and primary liver
449 pg/mL cells from Swiss
(livercel 1) albino mice
Braydich Stolle spherical 10,15,25 -30, Hydrocarbon, Not provided mouse . Size and coating dependent decline in cells proliferation at
etal .,2010 80nm polysac charide spermatogonial concentrations
stem cells e =10pg/mL (via disruption of GDNF/Fyn kinase signalling)

0 ROS production and/or apoptosis did not seem to
° Particle coating was degraded upon interaction with the

. Small -sized nanoparticles (10~ —25nm) are more like
apoptosisor  the production of ROS

o Spherical TTTIBIE 96, PP 56 wirary fat brai = (Cytotoxic - size-dependent
2010 415% 5.6, {above microvessel s  Pro-inflammatoryresponses (I -1B, TNF aand PGE 2 release) - size and
102.2+ 32.8 concentrations endothelial cells
used) {rBMEC). o * | Blood -brainbarier permeability - size-dependent increase, probably
»  Correlated withincreasedi natoxici
Bouwmeester spherical 20+ 2,34+ 3, 61  Notstated Not provided, Caco -2andM - e 6%-17% of the silver nanoparticles were dissolved to ions
etal ., 2011 + 5,113 8 but below cells e Theamount of silver ions that passed the Caco -2cellbarrier waseq  ual
concentrations o -culture for thesilver ion and nanoparticle exposures
studied . Silver nanoparticles caused changes in gene expression in a range of
(Sug/mL) stress responses including oxidative stress, endoplasmatic stress
response,and  apoptosis
. Observed effects of the silver nanoparti cles are likely exerted by the
silver ions that are released from the nanoparticles
Notstated 070 (depeRding  Citrate, PYP, S ig/ml ASA9 QT T TR R o T i 1 T
etal 2011 onmethod) gum arabic and
149  37in o Earlyapoptosis
L medium o DNAdamageinduced by ROS
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Colorimetric assays for cellular viability have been found to be suitable tools in the study of
eukaryotic cell activity. A mainstay of such techniques is the use of tetrazolium salts, which
have evolved since the description of the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) assay (Kuhn et al., 2003; Mosmann, 1983). The synthesis
of 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[ (phenylamino)carbonyl]-2H-tetrazolium

hydroxide (XTT) has proved to be useful, since the water solubility of the formazan product
enabled the simplification of assay performance. The MTT and XTT methods have been
employed as assays for yeast viability due to their easy utilization (Kuhn ef al., 2003). The
aim of this study was to evaluate the effects of various AgNPs on cell viability of S.

cerevisiae using the XTT assay.
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5.2 Materials and Methods

5.2.1 Agar preparation

Potato Detrose agar (PDA) (Sigma-Aldrich)was prepared by adding 500 ml of water into a
bottle containing 19.5 g of PDA and homogenized by mixing. It was then sterilized in an
autoclave at 121°C for 20 min. Immediately after autoclaving, the agar was allowed to cool
down to room temperature (tilting the bottle to avoid solidification). The agar was poured
into sterile petri dishes and allowed to cool down until the agar solidified. The plates were

then stored at 4 °C.

5.2.2 Medium preparation

Malt extract broth (MEB) (Thermo Scientific) was prepared by adding 500 ml of water into a
bottle containing 10 g of MEB and the mixture homogenised. Thereafter, 100 ml of MEB
was transferred into an Erlenmeyer flask and the rest of the broth was transferred into test
tubes. The broth was then sterilized in an autoclave at 115°C for 10 min. The autoclaved
medium was cooled to room temperature. The 100 ml broth in an Erlenmeyer flask was used

for the yeast inoculation and the test tubes were stored at 4 °C for further use.

5.2.3 XTT preparation
2,3-Bis(2-methyloxy-4-nitro-5-sulfophenyl)-5-[(phenylamino)carbonyl]-2H-tetrazolium
hydroxide (XTT) assays was purchased from Roche diagnostic in South Africa. XTT together
with its capping reagent were incubated at room temperature to thaw. One millilitre of XTT
was transferred into 2 ml Eppendorf tube and 20 pl of capping reagent added. The reagents

were mixed and were ready to be used in an experiment.
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5.2.4 Preparation of yeast stock cultures

An autoclaved swab was dipped into instant baker’s yeast containing viable S. cerevisiae
cells and inoculated into 100 ml of sterile MEB in an Erlenmeyer flask. The broth was
incubated overnight at 37°C. Four PDA plates (labelled 1-4) were streaked with S. cerevisiae
from the overnight culture and incubated overnight at 37°C. S. cerevisiae colonies were then
picked up from each incubated plate and streaked out into new PDA agar plates. The plates
were incubated overnight at 37°C. After that, a single colony was picked and inoculated into
30 ml of MEB and incubated for 24 h at 37°C. After 24 h of incubation, the cells were
transferred into 50 ml tubes and centrifuged for 5-10 min (ensuring that the yeast cells
accumulated at the bottom of the tube). The supernatant was discarded and the yeast cell
pellet was resuspended with 10 ml of sterile water and 50 % glycerol was added to prevent

the cells from fracturing. The yeast stock was stored at 4 °C.

5.2.5 XTT assay

Yeast stock (100 pl) was added to 10 ml of MEB and incubated overnight at 37°C. Doubling
dilutions of AgNPs in 10 % MEB were prepared to give 1 ml of each of the following AgNP
concentrations: 0.78, 1.56, 3.125, 6.25, 12.5, 25, 50 and 100 ug/ml. A negative control tube
containing 0.1 % Sodium Dodecyl Sulfate (SDS) in 10 % MEB was also prepared. The yeast
cells (100 pl) were added thereafter to all tubes, including controls. The tubes were incubated
for 74 h at 37°C. After the incubation and centrifugation, the supernatant was discarded and
the pellet washed with 1000 pl sterilized water. The cell pellet was resuspended in 1 ml of
distilled water after which 50 pl of the resuspended cells was transferred to a 96 well plate.
Filtered water and 0.1% SDS solutions were also used as controls. The XTT solution (Section
5.2.3) was added in each well and the initial Optical Density (OD) readings were taken using

a plate reader at 450 nm. The plate was incubated for 24 h at 37°C and OD readings were
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again recorded. The change in OD at 450 nm over the 24 h period was calculated and used to
determine the percentage metabolic activity of the cells. The percentage metabolic activity

was calculated using the formula:

Percentage metabolic activity = (Change in absorbance of the sample)/ (change in absorbance

of the 0 pg/ml AgNP control) X 100...ceeeueiniieiieiniieiieiiecieneriecnnens Equation 1
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5.3 Results and Discussion

Synthesis of silver nanoparticles

In order to assess the toxicity of AgNPs to S. cerevisiae, AgNPs were synthesised according
to the protocols described in chapter 4. The nanoparticles were then characterized using UV-
Vis and TEM. The results of optimization of synthesis condition showed that pH, light
exposure time, concentration and type of dispersing agents produce AgNPs of different sizes
and shapes. The different AgNPs synthesized in this work were used in their crude form i.e.
without purifying, to investigate the toxicity of AgNPs on S. cerevisiae.

Tables 4 (Al to A7) and 5 (B1 to B7) summarize the protocol used to prepare AgNPs by
changing three parameters: molar ratio, light exposure time and pH. They also summarize the

TEM results in terms of their different shapes and sizes and particle size distribution.
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Table 5:

Silver nanoparticles preparation with PVP and their size and shape.

Sample Silver nanoparticles preparation Ratio AgNO3: | pH Shape Particle size
ID PVP distribution (nm)
Al 0.4 mg/mL of PVP was adjusted to pH 9 using 1 M NH4;NO; and 1 M citric acid. 01:01 9 Needle-like 39-170
0.4 mg/mL of AgNO; was added into PVP solution. The mixture was then exposed to
the light ( OSRAM Vitalux lamp ) for 3 h
A2 2 mg/mL of PVP was adjusted to pH 9 using 1 M NH4NOs and 1 M citric acid. 01:05 9 Spherical 5-14
0.4 mg/mL of AgNO; was added into PVP solution. The mixture was then exposed to
the light ( OSRAM Vitalux lamp ) for 3 h
A3 4 mg/mL of PVP was adjusted to pH 9 using 1 M NH4;NO; and 1 M citric acid. 01:10 9 Spherical 33-66
0.4 mg/mL of AgNO; was added into PVP solution. The mixture was then exposed to
the light ( OSRAM Vitalux lamp ) for 3 h
A4 4 mg/mL of PVP was adjusted to pH 9 using 1 M NH,NO; and 1 M citric acid. 01:10 9 Spherical 5-13
0.4 mg/mL of AgNO; was added into PVP solution. The mixture was then exposed to
the light ( OSRAM Vitalux lamp ) for 1 h
AS 4 mg/mL of PVP was adjusted to pH 9 using 1 M NH4;NO; and 1 M citric acid. 01:10 9 Decahedrons | 40-89
0.4 mg/mL of AgNO; was added into PVP solution. The mixture was then exposed to
the light ( OSRAM Vitalux lamp ) for 2 h
A6 4 mg/mL of PVP was adjusted to pH 6 using 1 M NH4;NO; and 1 M citric acid. 01:10 6 Spherical 4
0.4 mg/mL of AgNO; was added into PVP solution. The mixture was then exposed to
the light ( OSRAM Vitalux lamp ) for 3 h
A7 4 mg/mL of PVP was adjusted to pH 10.5 using 1 M NH4;NO; and 1 M citric acid. 01:10 10.5 | Spherical 13-22

0.4 mg/mL of AgNO; was added into PVP solution. The mixture was then exposed to
the light ( OSRAM Vitalux lamp ) for 3 h
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Table 6: Preparation of silver nanoparticles with citric acid and their size and shape

Silver nanoparticles preparation

Sample | Description: Preparation of silver nanoparticles with citric acid Ratio pH | Shape Particle size
ID AgNO;: PVP distribution
(nm)
B1 0.4 mg/mL of citric was adjusted to pH 9 using 1 M NH4NO; and 1 M citric acid. 01:01 9 Spherical | 38-91
0.4 mg/mL of AgNO; was added into citric acid solution. The mixture was then
exposed to the light ( OSRAM Vitalux lamp ) for 3 h
B2 2 mg/mL of citric was adjusted to pH 9 using | M NH4NO; and 1 M citric acid. 01:05 9 Spherical | 5
0.4 mg/mL of AgNO; was added into citric acid solution. The mixture was then
exposed to the light ( OSRAM Vitalux lamp ) for 3 h
B3 4 mg/mL of citric was adjusted to pH 9 using 1 M NH4;NO; and 1 M citric acid. 01:10 9 Spherical | 4-9
0.4 mg/mL of AgNO; was added into citric acid solution. The mixture was then
exposed to the light ( OSRAM Vitalux lamp ) for 3 h
B4 4 mg/mL of citric was adjusted to pH 9 using 1 M NH4NOj; and 1 M citric acid. 01:10 9 Spherical | 22-40
0.4 mg/mL of AgNO; was added into citric acid solution. The mixture was then
exposed to the light ( OSRAM Vitalux lamp ) for 1 h
B5 4 mg/mL of citric was adjusted to pH 9 using | M NH4NO; and 1 M citric acid. 01:10 9 Spherical | 11-18
0.4 mg/mL of AgNO; was added into citric acid solution. The mixture was then
exposed to the light ( OSRAM Vitalux lamp ) for 2 h
B6 4 mg/mL of citric was adjusted to pH 6 using 1 M NH4NOj; and 1 M citric acid. 01:10 6 Spherical | 11-31
0.4 mg/mL of AgNO; was added into citric acid solution. The mixture was then
exposed to the light ( OSRAM Vitalux lamp ) for 3 h
B7 4 mg/mL of citric was adjusted to pH 10.5 using 1 M NH4,NO; and 1 M citric acid. 01:10 10.5 | Spherical | 5-14

0.4 mg/mL of AgNO; was added into citric acid solution. The mixture was then
exposed to the light ( OSRAM Vitalux lamp ) for 3 h
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Table 7 (Al to A7) and Table 8 (B1 to B7) show the outcomes of the AgNPs cytotoxicity
assessed by XTT assay. The highlighted numbers are the most toxic concentrations of AgNPs
to the S. cerevisiae cells and the un-highlighted ones are the non-toxic concentrations of

AgNPs.

Table 7: Toxicity of AgNPs prepared using PVP as dispersing agent

Sample pg/ml AgNPs

ID %Survival | Control | 0.78125 | 1.5625 | 3.125 | 6.25 | 12.5 25 50 100
Mean 100 102 103 101 | 102 99 27 20 17

Al SD 4 4 6 4 2 2 2 0 1
Mean 100 102 98 96 98 | 100 34 21 19

A2 SD 8 7 5 7 5 8 1 1 0
Mean 100 101 101 105 | 104 | 104 101 72 20

A3 SD 3 3 3 4 3 4 5 26 1
Mean 100 106 102 99 23 20 19 17 14

A4 SD 3 1 3 2 1 0 0 2 1
Mean 100 106 105 106 53 24 22 21 18

A5 SD 3 2 2 2 2 0 1 2 2
Mean 100 108 107 109 | 107 68 26 24 23

A6 SD 4 4 4 2 2 3 1 1 2
Mean 100 99 99 90 23 13 12 10

A7 SD 5 2 2 3 3 3 1 1 1

Table 7 shows results of the toxicity of the synthesized AgNPs on S. cerevisiae. The results
show clearly that higher concentrations of AgNPs are toxic to S. cerevisiae cells. At AgNPs
concentrations above 6.25 ug/ml, the most toxic particles start their killing effect. And this
assays shows A4, A5 and A7 to be the most toxic AgNPs in this series. Following that is A6,
which kills at 12.5 pg/ml, and A1 and A2 that show toxicity at 25 ug/ml. the least toxic
particles in this series A3 starts killing cells only at concentrations as high as 50 pg/ml. The
cytotoxic data suggest that particles synthesise by different means demonstrate different
toxicity levels on the cells. This means in synthesizing AgNPs for particular applications, the

method of synthesis needs to be carefully investigated and optimised.
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Table 8: Toxicity of AgNPs prepared using citric acid as dispersing agent

Sample pg/ml AgNPs
ID % Toxicity | Control | 0.78125 | 1.5625 | 3.125 | 6.25 | 12.5 25 50 100
Mean 100 101 99 98 97 97 97 98 90
B1 SD 5 2 3 1 4 3 4 3 4
Mean 100 112 114 115 | 114 | 100 103 100 29
B2 SD 4 8 5 3 4 2 11 25 1
Mean 100 110 115 114 79 18 22 19 19
B3 SD 4 2 2 2 4 1 0 0 1
Mean 100 112 109 103 | 116 | 109 20 21 20
B4 SD 2 1 2 16 2 3 0 1 1
Mean 100 95 92 98 97 99 101 104 67
B5 SD 9 2 5 1 3 2 4 3 2
Mean 100 96 95 99 98 99 98 93 27
B6 SD 5 1 1 4 1 1 3 1 1
Mean 100 101 102 112 47 22 20 20 18
B7 SD 2 2 10 7 3 0 1 1 2

The results obtained in Table 8 showed no cytotoxicity in sample B1 while B2, B5 and B6
are cytotoxic to S. cerevisiae at concentration of AgNPs as high as 100 pg/ml. However, B4
starts showing cytotoxicity at concentrations above 12.5 pg/ml whilst B3 and B7 on the other
hand, show cytotoxity from concentration of 6.25 ug/ml. The observations showed that
different parameters used to prepare AgNPs differ in their cytotoxicity and cytotoxicity
increased in the following order B1< B2; B5; B6 < B4< B3; B7. Comparatively, the A1-A7
series shows more cytotoxic effect on the S. cerevisiae cell than the B1-B7 series but both are

cytotoxic at different concentration to the cells.
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5.4 General Conclusion

The task of this research was to investigate the toxicity of silver nanoparticles (AgNPs) on
S. cerevisiae cells as a model organism for eukaryotic cells. The results are to contribute to
the knowledge required for the preparation of AgNPs water treatment strategy for poor
communities. To accomplish this task, AgNPs were synthesized successfully by
photochemical reduction of AgNOj; in the presence of PVP and in the presence of citric acid.
The formation of AgNPs was confirmed by UV-Vis absorption spectra analysis. The UV-Vis
absorption spectra showed the Surface Plasmon Resonance (SPR) band characteristics of
AgNPs in the range of 400-500 nm. TEM was also used to confirm the formation of AgNPs
and to view their sizes and shapes and to verify the size distribution of the synthesised
particles. TEM images showed that the AgNPs were in spherical, needle-like and
decahendrons shape depending on the method of synthesis applied. The particles obtained
using PVP were shown to be bigger in nano-size than those synthesized using citric acid
(Table 5 and 6). The concentration of PVP and citric acid, time of light exposure and pH of
reaction mixture affected the formation of AgNPs in unique ways.

Cytotoxicity of the synthesised AgNPs was evaluated using the XTT assay which assesses
cell viability upon exposure to different concentrations of AgNPs. The assay showed that
high concentrations of AgNPs (12.5, 25, 50 and 100 ug/mL) were toxic to the cell. The cell
killing effect was greater with the PVP synthesised AgNPs than those from citric acid. It was
also observed that the methods of preparation of the AgNPs influenced their toxicity. These
observations were consisted with previous research on related topic (Braydich-Stolle et al.,
2005, Carlson et al., 2008) which showed that AgNPs are toxic to mammalian cells, and that
the sizes of the particles influence their toxicity but contrary to their conclusion, this study

showed that larger AgNPs are more toxic to S. cerevisiae than small particles. AgNPs
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prepared and tested in this work were used in their crude form. Further investigation on this

subject may consider purifying the AgNPs before proceeding to toxicity tests.
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