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The study of silver nanoparticles (AgNPs) has recently increased due to the different antimicrobial properties that have
been evaluated. Studies have shown that AgNPs decrease the cell viability of some parasitic species and inhibit bacterial
growth and biofilm formation. Toxoplasma gondii is a parasite with different stages of development including the oocyst,
and it can survive in the environment for a long time generating contamination of vegetables and water. This parasite has
the ability to generate congenital toxoplasmosis and chorioretinitis in humans. Another human pathogen present in water
is Salmonella braenderup, this bacterium, when consumed, causes gastroenteritis and typhoid fever. We evaluate the
affectation that causes the AgNPs in oocysts of T. gondii and S. braenderup using fluorescence microscopy and scanning
electron microscopy techniques. The results showed that at different ratios of AgNPs and microorganisms, as well as at
different exposure time during the treatments, morphological alteration of the cell structure of oocysts of T. gondii and S.
braenderup was evidenced, suggesting a potential treatment method for the inhibition of the viability of

these microorganisms.

1. Introduction

Water is a fundamental element for life and must have
suitable potability conditions for its consumption and do-
mestic use. According to a study [1], 28% of the rural
population in Colombia lacks an aqueduct, indicating that
there is direct consumption of water sources without ade-
quate chemical and microbiological treatment. In addition,
according to the National Institute of Health in 2015 [2],
only 15.1% of Colombians use water in optimal conditions
for human consumption, showing a public health problem
that includes various diseases caused by microbiological
contamination. The use of contaminated water with the
presence of pathogenic microorganisms causes gastroin-
testinal diseases, parasitic diseases, and diarrhea; among
others, it negatively impacts the quality of life of the
population.

In Quindio Region in Colombia, a study reported
positive samples for protozoan parasites such as Toxoplasma
gondii (58.6%), Cryptosporidium parvum (21%), and Giardia
(18.3%) in drinkable water [1]. Infections caused by parasites
imply a relevant public health problem because the oocysts
of these microorganisms are resistant to chlorines and
chloramines, substances used in the chemical treatment of
water [3].

Additionally, T. gondii is a parasitic protozoan that
causes toxoplasmosis in humans. This disease can be
asymptomatic in immunocompetent persons; however, it is
a cause of cerebral toxoplasmosis in immunocompromised
persons and in pregnant women, and it can cause alterations
in the fetus, such as hydrocephalus, microcephaly, and
chorioretinitis; among others, the more serious alteration
depends on the type of organism [4]. This parasite is highly
prevalent in Colombia (47.1%) [5], especially given that it is
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spread in many different ways, for example, through the
consumption of oocysts present in vegetables and drinkable
water [6], as well as tissue cysts present in meat [1].

The oocystic state of T. gondii is very resistant to en-
vironmental conditions. It survives for approximately 1 year
in soil [7] and 54 months in water [1], maintaining its
processes of proliferation and infection. Dumeétre in 2003
reported resistance of oocysts to different purification
treatments of water with chlorinated products. The results
showed the presence of the microorganism in the treated
samples demonstrating its high capacity to stay in envi-
ronmental conditions to develop its biological life cycle and
become developmental stage more infectious at the epide-
miological level [6].

T. gondii is characterized by its resistance to water
purification processes, which evidences the search of other
alternatives for treatment and disinfection of this resource.
There are several methods that affect the T. gondii parasite,
for example, the cooking of foods at temperatures above
71°C or the conservation of them at temperatures below
—-20°C [8]; however, significant changes in the nutritional
composition of some foods can occur in these temperature
ranges [9]. Considering these limitations, other water pu-
rification alternatives have been proposed with the use of
silver nanoparticles (AgNPs) due to their antimicrobial
properties [10, 11]. Currently, several studies describing
procedures for the separation of T. gondii oocysts from water
and soil samples are reported using immunomagnetic
nanoparticles under laboratory conditions [12]. Another
study reports preliminary results of the affectation of T.
gondii oocysts through of UV radiation, showing mor-
phological damage to the structure of the oocyst [13].

Another microorganism established as a water con-
taminant is Salmonella braenderup, a Gram-negative bac-
teria characterized by being found in contaminated water
sources; a study conducted in Itagiii, Colombia, showed a
high prevalence of S. braenderup in treated water [14] being
one of the major causes of diseases such as gastroenteritis
and typhoid fever in people. In addition, various species of
Salmonella have developed resistance to antibiotics, making
it an important public health problem [15].

Currently, the use of nanotechnology in water filtration
systems for human consumption is increasing. The AgNPs
have been projected as a potential material with a biocidal
effect due to their antimicrobial properties. Some studies
report new water filtration systems incorporating silver
nanoparticles to polymer membranes, which demonstrated
their effectiveness as biocides and potential inhibition to the
formation of biofilms [16]. Other studies report important
applications of the use of AgNPs to affect protozoan par-
asites pathogenic for human health and that present
mechanisms of resistance to chlorine treatments. Cameron
et al. demonstrated in their study breakdown of the cell
structure of oocysts Cryptosporidium parvum when exposed
to AgNPs, revealing a significant decrease in the viability of
the oocysts of the parasite [10].

In this work, we evaluated effect of 10 nm silver nano-
particles (Sigma-Aldrich) as an alternative to affect T. gondii
oocysts and Salmonella braenderup, developing a protocol-
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specific treatment in which conditions of agitation time and
the proportion of the mixture between AgNPs and the bi-
ological material were varied.

2. Materials and Method

2.1. Materials. In this work, all safety precautions were used
when working with biological material such as T. gondii
oocysts [17]. In this study, silver nanoparticles (AgNPs) of
10nm and concentration of 20 ug/ul (Sigma-Aldrich Co.
LLC) were used. The MARTIN ultrafiltration membranes for
vacuum filtration left immersed in distilled water for 48
hours (MARTIN membranes were obtained from the
company MARTIN Membrane Systems, Germany). The
oocysts from Toxoplasma gondii (were obtained from
GEPAMOL group, Quindio University, Colombia) were
stored in PBS 1X (phosphate-buffered saline) at 4°C, and all
the experiments were developed within 4 months of oocyst
preparation. Gram-negative bacteria, Salmonella braenderup
(it was obtained from LGMB group, Universidad El Bosque,
Colombia), were cultured in a Luria—Bertani (LB) medium
and incubated at 37°C.

2.2. DNA Isolation. DNA of the samples analyzed during all
the treatments was extracted from oocysts of T. gondii, and
the positive control DNA was extracted from T. gondii
tachyzoites (the BBMP Group, Universidad de los Andes,
Colombia) to obtain high-quality T. gondii DNA for the
nested-PCR. 300 uL of T. gondii oocysts in PBS 1X was used
to extract DNA using the Genomic DNA Isolation kit
(Norgen Biotek Corp.) according to the manufacturer’s
instructions. The final concentration of DNA was measured
with a NanoDrop 2000/c spectrophotometer (Thermo Sci-
entific). The obtained genomic DNA was suspended in water
molecular grade (Thermo Scientific) and stored at —20°C for
subsequent PCR processes.

2.3. Molecular Detection of T. gondii for PCR. Nested-PCR
was performed to detect the Bl gen of T. gondii in initial
samples used for the entire process with the AgNPs. Control
and monitoring strategies were established to the specific
norms to work with the PCR technique before the experi-
mental work to avoid contamination. The cabinet was
thoroughly cleaned and subsequently irradiated with UV for
30 minutes before use, and the materials used for the PCR,
such as pipettes, PCR tubes, reaction vials, and pipet tips, are
unique to this procedure and irradiated in the cabinet with
UV for 20 minutes before being used. Also, sterile gloves and
laboratory clothing were used exclusively for PCR work. In
addition, filter tips were used for DNA extraction and PCR,
and care was taken with pipetting to avoid contamination of
the pipette cylinder. All the reagents used were molecular
grade and were selected before use, and Taq polymerase was
previously selected before use to guarantee a DNA-free
process.

The two PCRs were worked under the same conditions,
external primers Pml/S1 and Pml/AS1 and internal primers
Pml/S2 and Pml/AS2 [4]. One master mixture was prepared
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for PCR, were added 12.2 ul of H, (Odde), 2.5 ul of ANTPs
(2mM), 1.5 ul of forward primer, 1.5yl of reverse primer,
2.5 ul of MgCl, (17.5 mM), 2.5 ul of Dream Bufter, and 0.3 ul
of Taq polymerase. 23 ul of the master mix and 2 yl of DNA
were added to each PCR tube. Thermal cycler conditions
were as follows: 1 initial denaturation cycle at 95C for 3
minutes, 1 cycle of denaturation at 95 C for 30 seconds, 39
cycles of alignment at 55.7°C for 30 seconds, 39 cycles of
extension at 72°C per 1 minute, 1 cycle of final extension at
72°C for 15 minutes, and 1 final cycle at 12°C. DNA frag-
ments were separated through agarose gel electrophoresis in
1.0% w/v for 75 min at 100v. A 1kbp DNA ladder (Thermo
Scientific) was used.

2.4. Antimicrobial Performance of AgNPs with T. gondii
Oocysts and Salmonella braenderup. T. gondii oocysts in-
cubated without nanoparticles were used as control. The
treatments with AgNPs were prepared in a ratio of 1:4 of
oocysts (PBS 1X) and AgNPs (20 ug/uL) and then incu-
bated at room temperature with constant agitation at
500 rpm for 30, 45, and 60 minutes. For the evaluation of S.
braenderup, samples of these bacteria incubated without
nanoparticles were used as control. All samples were in-
cubated at room temperature, constant agitation at
180 rpm, and different incubation times. Treatments were
as follows: first treatment in a ratio of 1:1 of suspension S.
braenderup and AgNPs, shaking for 1 hour and 2 hours;
second treatment in a ratio of 1:2 of suspension S.
braenderup and AgNPs, shaking for 1 hour and 2 hours;
third treatment in a ratio of 1:3 of suspension S. braen-
derup and AgNPs, shaking for 2 hours; and fourth treat-
ment in a ratio of 1:4 of suspension S. braenderup and
AgNPs, shaking for 2 hrs.

The previous samples were separated in two aliquots to
demonstrate morphological changes in the cell structure of
the microorganisms, and some samples were analyzed by
fluorescence microscopy and others by scanning electron
microscopy (SEM).

2.5. Fluorescence Microscopy. Fluorescence microscopy was
used to evaluate the morphological changes of Toxoplasma
gondii oocysts and Salmonella braenderup treated with
AgNPs and without treatment. Toxoplasma gondii oocysts
and Salmonella braenderup not exposed to AgNPs were used
as control. 50 yuL of each of the treatments and the control
samples (no treatment) were mounted on slides previously
washed with 40% HCI. Then, the organisms were rinsed by
three times with phosphate-buffered saline (PBS) with added
CaCl, and MgCl,. After, the organisms were incubated in
4',6-diamidino-2-phenylindole (DAPI) labeling solution at
2ug/mL for 15min at room temperature. The labeling so-
lution was aspirated. Then, the organisms were rinsed once
more in PBS with added CaCl, and MgCl,. Then, the
coverslip was placed on each of the samples and these were
sealed. Images were acquired in a Zeiss Axio imager A2
microscope with an excitation UV filter of 330-380 nm and
emission 461 nm.

2.6. Scanning Electron Microscopy (SEM). The size and
morphology of Toxoplasma gondii oocysts and Salmonella
braenderup exposed to treatment with AgNPs and without
treatment were also examined using SEM microscopy.
Toxoplasma gondii oocysts and Salmonella braenderup not
exposed to AgNPs were used as control. The samples of T.
gondii were centrifuged at 700 xg for 5 minutes and S.
braenderup were centrifuged at 500 xg for 10 minutes. Then,
each of the samples was vacuum filtered in MARTIN
membranes, which were previously washed for 48 hours
with distilled water. The membranes with T. gondii oocysts
and S. braenderup were submitted to SEM, doing a previous
preparation, initial washing with buffer PBS 1X for 10
minutes, then washing with 2.5% glutaraldehyde for 6 hours,
50% ethanol for 5 minutes, 70% ethanol for 10 minutes, 95%
ethanol for 10 minutes, and 100% ethanol for 20 minutes.
Finally, the samples were sent to INTEK GROUP labora-
tories for to perform SEM. The supernatant of one of the
samples was placed on carbon tape and were also sent for to
perform SEM to evaluate the reuse of the AgNPs.

3. Results and Discussion

3.1. Molecular Detection of T. gondii. The molecular detec-
tion of T. gondii was performed by PCR, identifying the B1
gen in the parasite samples. As seen in Figure 1, a 530 bp
amplicon corresponding to a fragment of the B1 gen of T.
gondii was obtained, confirming that the samples used for
the evaluation with silver nanoparticles contain oocysts of
the parasite.

3.2. Morphology Alteration of T. gondii Oocyst and S.
braenderup by Fluorescence Microscopy. The results gener-
ated in fluorescence microscopy demonstrate structural
morphological changes in T. gondii oocysts and S. braen-
derup bacteria exposed to AgNPs compared to control (no
treatment). Figure 2(a) shows sporulated oocysts of the
control sample, which was not treated with AgNPs. The
nonaltered sporulated oocysts of T. gondii have a sub-
spherical to ellipsoidal morphology similar to which pre-
sented in a study by Ramakrishnan et al. in [18] with sizes
between 11 and 13um in diameter; also, its sporulated
oocysts have thin a wall (arrow) and contain two ellipsoidal
sporocysts (arrowhead) with sizes between 6 and 8 ym as
shown in Figure 2(a). Similar results are obtained by other
studies, Dubey showed autofluorescence results of sporu-
lated T. gondii oocysts under normal conditions [19], and
each sporulated oocyst contains two ellipsoidal morphology
sporocysts, with sizes from 6 to 8 um and a thin wall with
complete integrity. Normal sporulated oocysts show sub-
spherical to ellipsoidal morphology and are approximately
11x13um in diameter. Another study showed normal
sporulated T. gondii oocysts like those shown in our results.
The autofluorescence of these oocysts maintains a specific
pattern of T. gondii, and the wall of the two sporocysts within
the oocyst is clearly visible, showing its integrity, which
allows easy detection of this protozoa parasite [20]. Ram-
akrishnan et al. [18] showed representative oocysts
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FIGURE 1: Nested-PCR of T. gondii Bl gen. (1) Control + T. gondii tachyzoites, RH strain. (2) T. gondii oocysts. (3) the DNA marker used.
The primers amplified the expected 0.530 kb product in samples of T. gondii oocysts used for the evaluation of AgNPs with 1.0% agarose gel.
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F1GuRre 2: Effect of AgNPs in Toxoplasma gondii morphology as assessed by fluorescence microscopy. In the control sample, intact oocyst (a),

in the presence AgNPs at 45 min (b) and 60 min (c).

exploiting the autofluorescence of the oocyst/sporocyst wall
under the DAPI channel and using differential interference
contrast settings, demonstrating that oocysts possess normal
morphology and preserve their autofluorescence.

The treatments were realized varying the exposure times
of the oocysts to the AgNPs, at 45 min with an agitation of
500 rpm, whose results are shown in Figure 2(b), an im-
portant morphological change is evidenced, and the oocyst
which lost its ellipsoid shape and differences in the sizes of
the sporocysts are observed as well as a break in the wall of
one of the sporocysts (arrow) indicating alteration of the cell
structure. Figure 2(c) shows samples at 60 min in agitation,

the sporocysts are not clearly visible within the internal
structure of the oocyst, this suggests alterations in the
morphology of the oocyst, similar results are shown by
Ramakrishnan et al. [18] where parasites deficient in HAP2
(HAP2 KO), an important protein in the regulation of the
development of T. gondii within the intestine of the cat,
presented oocysts that exhibit aberrant morphology and
irregular and highly altered forms compared to normal
oocysts. Also, in Figure 2(c), the rupture of the membrane
that encloses one of the sporocysts is observed; however, in
Figure 2(c), this alteration is pronounced more strongly than
Figure 2(b) (arrow).
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Although studies on the effect of AgNPs on T. gondii
oocysts are not reported in the literature, similar results are
shown in Cryptosporidium parvum, a human pathogen of
the phylum Apicomplexa such as T. gondii, and Pamela
Cameron et al. evaluated the viability of oocysts exposed to
AgNPs and silver ions [10], showed that both AgNPs and
silver ions strongly decrease the viability of oocysts; however,
the sporozoite/shell ratio was more affected with treatment
with AgNPs possibly because sporozoites are destroyed by
interaction with AgNPs.

Besides, fluorescence microscopy was performed to
evaluate affectation of S. braenderup bacteria in the presence
AgNPs. The results showed intensity decrease of fluores-
cence with DAPI staining and decrease in the number of
bacterial population respect to control (Figures 3-5), and
these changes are possibly due to the alteration of DNA
integrity. Some studies report that AgNPs can anchor to the
bacterial cell wall and interact with the cell membrane
generating physical changes that allow AgNPs to penetrate
into the intracellular environment. Furthermore, it has been
shown that the antibacterial effect of AgNPs on Gram-
negative bacteria such as Salmonella was stronger because
the cell wall thickness of these bacteria is approximately
3-4nm. AgNPs that achieve to enter the cell cytoplasm can
release Ag+ that can interact with various types of bio-
molecules such as proteins and DNA, leading to functional
irregularity of the bacteria and subsequent cell death [21].
Furthermore, the antibacterial activity of AgNPs is related to
the high production of reactive oxygen species (ROS) that
can lead to DNA damage [22].

The histograms of the different treatments show a sig-
nificant fluorescence decrease in relation to the increase in
AgNP concentration and exposure time. This is clearly
evidenced by the histogram in Figure 5(b) compared to
control (Figure 6), where there is an absence of pixels with
high intensities indicating a greater number of bacteria with
low fluorescence.

In the control sample without AgNPs, high-intensity
fluorescence was observed as presented in the histogram
(Figure 6), while in the images obtained with the presence of
AgNPs with different concentrations of AgNPs and expo-
sure time, the bacteria reduced fluorescence intensity of
DAPI (Figures 3(a) and 5(b)), which suggests changes in the
integrity of the bacterial genome. Studies have found that
Ag+ can be intercalated between the nitrogenous bases of
nucleic acids generating the alteration of the H-bonds and
the formation of DNA strands, leading to the inhibition of
cell division and the reproduction process [23].

The results determined by a concentration ratioof 1:1, S.
braenderup and AgNPs, are shown in Figure 3(a). A less
intense fluorescence was observed with respect to the control
after 1 hour of exposure. The intensity was reduced in greater
proportion at 2 hours of exposure (Figure 3(b)). By varying
the concentration to 1:2, S. braenderup and AgNPs, it was
observed that the intensity of the fluorescence was con-
siderably reduced, indicating that the DNA was more af-
fected in a greater number of cells at 1 hour and 2 hours of
exposure (Figures 4(a) and 4(b)). This effect was more
pronounced when the concentration was increased to 1: 3, S.

braenderup and AgNPs, with an exposure time of 2 hours
(Figure 5(a)), where a faint fluorescence is observed in most
cells. In the sample with a concentration ratio of 1:4, S.
braenderup and AgNPs, at 2 hours of exposure (Figure 5(b)),
a greater involvement of the nanoparticles was observed
with a decrease in the intensity of the fluorescence of the
bacteria, and this may suggest a possible bactericidal action
of the AgNPs.

When comparing the action of the AgNPs to the same
ratio of concentration and different exposure times, similar
results are obtained, and Figures 3(a) and 3(b) show slight
changes in fluorescence intensity at 1:1, the same ratio of
AgNPs; however, it can be deduced that the variation in the
exposure time of the bacteria to the AgNPs was not so
significant, which may indicate that the AgNPs show sig-
nificant results after one hour of application and this time
could be enough to get bacteria affected at a ratio of 1:1.
Similar results are shown in Figures 4(a) and 4(b), in a ratio
of 1:2, which show slight changes in fluorescence intensity,
and it can be deduced form these results that possibly one
hour of exposure to AgNPs is enough time to obtain af-
fectation of the bacteria at a ratio of 1:2. Figures 5(a) and
5(b) show significant changes in the fluorescence intensity of
DAPI compared to the control. These results indicate that
the increase in the concentration of AgNPs in the treatment
for S. braenderup increases the antibacterial efficiency of
AgNPs. The results show that the highest antibacterial ac-
tivity was obtained in a concentration ratio of 1:4 at 2 hours
of exposure. Some studies indicate that the efficiency in the
antibacterial activity of AgNPs depends on the concentra-
tion used in the treatment [24]. Qing et al. reported that
AgNPs show antibiofilm activity in treatments at concen-
trations up to 10 ug/mL [21]. Results of third and fourth
treatments with AgNPs and Salmonella braenderup during
1h are not shown because no significant changes were ob-
served with respect to the control.

In relation to the bacterial density, we determined the
number of bacteria per area from a preprocessing of the
captured images, which consisted of the application of a
Gaussian filter and then a threshold using Otsu’s method, a
well-known technique in image processing (Figure 7). This
popular thresholding procedure has been widely imple-
mented in the segmentation of fluorescent microscopy
images [25]. Otsu thresholding technique searches for
maximize variance between two classes (bacteria and
background) by looking for the best value for the threshold
in the global image, or in other word, it minimizes the
overlap between the two components in the histogram [26].
As a result of applying this method, we obtained pixels
separated into two classes, pixels with low or null fluores-
cence and pixels with significant fluorescence, and these
correspond, respectively, to PBS (phosphate-buffered saline)
and bacteria. This allowed determining the pixels corre-
sponding to the bacteria and then generating a ratio between
the cells and the area examined, and these results are shown
in Figure 8. By comparing each treatment, it is shown that by
increasing the concentration of AgNP and the time of ex-
posure of the cells to the nanoparticles, the bacterial density
decrease. The 1:4 treatment with 2 hours of exposure
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FiGure 3: Effect of AgNPs in S. braenderup DNA integrity assessed by fluorescence microscopy with DAPI staining. In the presence of
AgNPs, a concentration ratio of 1:1 for 1hr (a) and concentration ratio of 1:1 for 2hrs (b).
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FiGURE 4: Effect of AgNPs in S. braenderup DNA integrity assessed by fluorescence microscopy with DAPI staining. In the presence of
AgNPs, a concentration ratio of 1:2 for 1hr (a) and 1:2 for 2hrs (b).

Sum

(a) (b)

FiGure 5: Effect of AgNPs in S. braenderup DNA integrity assessed by fluorescence microscopy with DAPI staining. In the presence of
AgNPs, a concentration ratio of 1:3 for 2hrs (a) and 1:4 for 2hrs (b).
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FIGURE 6: Cultures of S. Braenderup on the LB medium without
AgNPs and stained with DAPI (control).

presented the lowest population density compared to the
control group. This allows us to infer that the antimicrobial
effectiveness of AgNPs can be achieved with this concen-
tration and time of exposure.

Finally, these results suggest that the 1:4 ratio shows
significant reduction of the bacterial population possibly due
to DNA degradation, and these results show that the ratio 1:
4 and 2 hours of exposure to AgNPs become the treatment
with greater capacity to eliminate bacteria. For future
studies, it is recommended to use specific dyes to evaluate
cell viability.

3.3. Scanning Electron Microscopy (SEM): Morphology Al-
teration of T. gondii Oocyst and S. braenderup. In the results
obtained in SEM, a control sample of T. gondii oocysts was
visualized without being exposed to the AgNPs and an
oocyst was observed with its well-defined characteristic el-
lipsoid structure (Figure 9). Although many studies evalu-
ating the oocyst morphology of T. gondii are not reported in
the literature, one study showed morphological results
similar to ours. They observed the ultrastructure of normal
oocysts of T. gondii where they showed the ellipsoid shape
and that the wall of the oocyst is a complex structure that has
high resistance to physical and chemical changes which give
it a solid appearance allowing the survival of the parasite
[27]. When visualizing the oocysts by means of SEM after
being exposed to the AgNPs, important structural changes
were evidenced that indicate an impairment in their via-
bility. Figure 10(a) shows oocysts of T. gondii with a time of
exposure to AgNPs of 45 min in a concentration ratio of 1: 4,
demonstrating the destruction of the morphology of an
oocyst with a size of 4.1 ym in diameter, due to that lost its
ovoid shape while breaking the wall of it. Not many studies
are reported that evaluate the morphology of altered T.
gondii oocysts; however, one study reported the results of
ultrastructure of an oocyst showing the rupture of the wall
with loss of the outer layer and part of the material of a
disintegrated sporocyst [28]. Figure 10(b) shows oocysts
with exposure time to AgNPs of 60 min, showing significant

- Normalize/Gaussian filter

Threshold/OTSU

FIGURE 7: Image preprocessing to identify cell/area ratio.
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Control 1:1/2hrs 1:2/1hr 1:2/2hrs 1:3/2hrs 1:4/2hrs

FIGURE 8: Percentage comparison of cell/area of the independent
experiments (the data show results of independent replicates in
each treatment).

destruction of the oocyst morphology, since its structure has
more elongation and breaks in the wall.

Studies regarding the effect of AgNPs on Toxoplasma
gondii oocysts are not reported in the literature. In fact, few
studies are reported with morphological evaluation in de-
veloping stages of T. gondii treated with AgNPs. However,
some studies show the anti-Toxoplasma activity of AgNPs in
other stages of development of the parasite. A study by
Shojaee et al. showed the effects of nanosilver colloid on
tachyzoites and bradyzoites of T. gondii [29]. SEM results
showed atypical and irregular morphology and presence of
surface pores of tachyzoites of T. gondii after 2 hours of
incubation with 20 ppm of nanosilver colloid. Likewise, the
nanosilver exposed cyst showed damage to the surface and
bradyzoites with irregular and disorganized shapes were
observed.

Other studies carried out with AgNPs in T. gondii show
different alterations generated in the biological processes of
the parasite. For example, the results of a study showed
alteration in the conversion of T. gondii tachyzoite to bra-
dyzoite, indicating that AgNPs reduce bradyzoites burden in
vitro [30].

Alajmi et al. showed the anti-Toxoplasma gondii activity
of silver nanoparticles by inhibiting inflammation processes
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FIGURE 9: T. gondii oocyst morphology.
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FiGurke 10: Effect of AgNPs in T. gondii oocyst morphology as assessed by SEM. In the control sample, intact oocyst (a), in the presence

AgNPs for 45 min (b) and 60 min (c).

mediated by the regulation of cytokines [31]. Another study
with inorganic nanoparticles including AgNPs showed
antiparasitic activity for T. gondii, and the results showed
that the potential of the parasite’s mitochondrial membrane
was affected, altering invasion, replication, and possible
infectivity processes [32]. Although the mechanisms of
action of AgNPs in the parasite Toxoplasma gondii are still
unclear, studies reported in the literature indicate that
AgNPs have a high potential for action in Toxoplasma gondii
infection.

In the same way as the T. gondii oocysts, morphological
changes were evidenced in S. braenderup assessed by SEM.
A control sample of S. braenderup bacteria without ex-
posure to AgNPs was visualized, where the characteristic
structure of bacilli with sizes between 1.2 ym and 1.3 ym
was shown (Figure 11). Similar results are obtained by SEM
in which they showed images of Salmonella senftenberg
under normal conditions. These bacteria belonging to the
genus Salmonella have an elongated bacillus form. In these
images, there is an appearance of clear texture on the
surface of the bacterial cells and a smooth appearance on
the cell walls. There is no alteration in the shape or size of
the bacteria [33].

Figure 12(a) shows reduced sizes in the bacteria in the
sample with a concentration ratio of 1:2 during 1hr of
exposure; however, after 3 hours of exposure to the AgNPs,
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FIGURE 11: S. braenderup without presence of AgNPs (control).
Morphology as assessed by SEM.

morphological alteration in the bacillus was observed,
showing irregularities in the ends of the cell structure
(Figure 12(a)). A study by AbuDalo suggests that although
the antimicrobial mechanism of nanoparticles is still poorly
understood, nanoparticles have the ability to interact with
the cell wall of bacteria by altering lipopolysaccharides and
forming pores that that alter the structure of the cell
membrane [34].

In the samples with a concentration ratio of 1:3, S.
braenderup and AgNPs, during 1 hour of exposure, changes
in the size of the bacteria and in their morphology were
evidenced (Figure 12(b)). Similar results were shown by
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20.0[KV] SP=12.0 WD=6.3 X

FIGURE 12: Effect of AgNPs in S. braenderup morphology as assessed by SEM. In the presence of AgNPs, a concentration ratio of 1:2 for 3 hr

(a), 1:3 for 1hr (b), 1:3 for 2hrs (c), and 1:4 for 2hrs (d).

FI1GURE 13: Image of AgNPs as assessed by SEM. AgNPs added to the oocyst and bacteria (a). AgNPs recuperated after of exposure to oocyst (b).

Neethu et al. on Salmonella typhimurium [35]. The SEM and
TEM results showed the bactericidal activity of AgNPs using
green synthesis with P. polonicum fungi. SEM visualization
showed morphological damage, including deep craters and
disintegrated cell membrane after 1 hour of treatment. The
TEM results showed that after 30 minutes of exposure to
AgNPs, the cells presented rupture in the cell wall and
condensed cytoplasm and also complete bacterial lysis was
observed at 24 hrs, suggesting that the cell wall of Salmonella
typhimurium is permeable to AgNPs. At an exposure time of
2 hours, with the same 1: 3 ratio, S. braenderup and AgNPs,
more significant changes were observed than in Figure 12(b),
since some of the bacteria have a more elongated structure

(Figure 12(c)). Some studies reported that the morphological
changes presented in some bacteria exposed to AgNPs are
due to Ag+ ions released from AgNPs that can bind to
proteins that are present in the cell membrane, leading to
protein inactivation and subsequent alteration of cell per-
meability [21]. Finally, in the samples with a ratio of 1:4, S.
braenderup and AgNPs, during 2 hours of exposure, a
significant decrease in the size of the bacteria was observed
as well as morphological damages (Figure 12(d)). Although
no studies evaluate the effect of AgNPs on Salmonella
braenderup are reported in the literature, studies are found
on other Salmonella species pathogenic for humans. A study
reported by Vazquez-Muiioz [36] evaluated the antibacterial
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effect of AgNPs in Salmonella typhimurium. The results of
cellular morphological visualization with TEM showed that
AgNPs generate significant changes in the integrity of the
bacterial cell membrane, suggesting a direct effect of silver
ions on membrane stability.

Figure 13(a) shows AgNPs used in this work (Sigma)
added to the oocyst and bacteria, where aggregates of
nanoparticles are observed. Similar results are presented by
AbuDalo, 2019 [34], in which images obtained by ESEM
showed AgNPs with a spherical shape and average core sizes
of 38 to 45nm. Furthermore, these AgNPs showed strong
antibacterial activity against different species of bacteria.
Figure 13(b) shows leftover AgNPs after exposure to T.
gondii oocysts. AgNPs were examined using SEM sizes
below 100 nm in diameter were obtained. This nanomaterial
could be analyzed in other studies to confirm if they still
maintain their antimicrobial properties.

4. Conclusion

The results obtained by the exposure of Salmonella braen-
derup and the Toxoplasma gondii oocysts to AgNPs showed
pronounced morphological changes, which is an indicator of
rupture in the bacillus membrane or in the wall of the oocyst,
and this can be directly related to viability and the potential
for infection of both microorganisms. Also other studies
showed antibacterial activity against Gram-negative bacteria
such as Salmonella and E. coli and Gram-positive bacteria
such as Staphylococcus aureus and Bacillus subtilis, suggests
that the AgNPs bind to the cell wall of the bacteria, causing
membrane permeability and damaging vital structures of the
bacteria, such as proteins, DNA, and enzymes [37].

Also Singh et al. reported that AgNPs showed antimi-
crobial activity against different species of bacteria, including
Salmonella enterica [38], and AbuDalo also showed that
AgNPs had an antibacterial effect against pathogens such as
Salmonella enterica, Escherichia coli, and Staphylococcus
aureus [34]. It is important to say that the variety in shapes
and properties of various nanoparticles are characteristics
responsible for the differences that occur regarding the
antibacterial effect [21].

Additionally, it is possible to conclude that the results
suggest a longer time of agitation of the mixture containing
S. braenderup and T. gondii with AgNPs and significant
morphological changes are evidenced, as it is observed in
Figures 2(c), 3(b), 4(b), 5(a), 5(b), 10(b), 12(a), 12(c), and
12(d). Significant results are also shown in those treatments
where there is a higher concentration of AgNPs, as shown in
Figures 5(b) and 12(d). The results obtained allow deducing
that there is a direct relationship between these two variables
and the level of damage suffered by the microorganisms
studied. This morphological destruction could be observed
due to changes in morphology suffered by oocysts and
bacteria, which also led to changes in size. Likewise, the
results indicated that a certain amount of AgNPs was re-
coverable after a filtration process and can be potentially
reusable after this process.

Finally, it is possible to conclude that the AgNPs have a
high potential for reducing possibly the viability of oocysts of

Journal of Nanotechnology

T. gondii and S. braenderup bacteria. It is recommended in
future to study the effect of different agitation speed and
contact between AgNPs and microorganisms, which allows
to detect changes at the level of the plasma membrane or the
wall of the oocyst and bacteria, because certain levels of
agitation allow a greater contact of the nanoparticles and,
therefore, a more pronounced morphological change would
be expected.
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