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Introduction: This study aims to assess the efficacy of silver nanoparticles (Ag Nps) alone
and combined with metronidazole (Ag Nps + MTZ) as potential alternative therapeutic
agents for Blastocystis hominis.

Methods: The parasites were challenged with Ag Nps, Ag Nps + MTZ and MTZ. To assess
the efficacy of drugs, counting of viable parasites was done after 1, 2, and 3 hours of adding
the drugs.

Results: Blastocystis hominis count was reduced by 20.72%, 28.23%, and 18.92% after
one hour of adding Ag Nps, Ag Nps + MTZ, and MTZ, respectively. Cysts count was further
reduced by 51.49%, 61.61%, and 40.78% after 2 hours and by 71.69%, 79.67%, and 62.65%
after 3 hours of adding the drugs in the same order, respectively.

Conclusion: There was a statistically significant difference (P<0.05) in the in vitro growth
inhibition of the parasite over the different time intervals when using the tested drugs against
the control drug.

Keywords: Blastocystis hominis, eosin brilliant cresyl blue stain, metronidazole, silver
nanoparticles

Background

B. hominis is a unicellular, obligate, anaerobic protozoan found in the gastrointest-
inal tract of man; many other vertebrates and invertebrates act as a reservoir host for
man." It has a worldwide distribution and is considered one of the most common
human protozoa especially in developing countries with a higher prevalence rate
(30%—50%) than in developed countries (1.5% —10%).> In Egypt, the prevalence
has reached up to 50%.> It has four main forms which are vacuolar, granular, and
amoeboid forms which can be found in culture and cyst form found in the stool.
Transmission of the parasite occurs through the feco-oral route especially in people
with poor environmental sanitation with frequent exposure to animals and con-
taminated food.* B. hominis may pass unnoticed or might be accompanied by many
symptoms like nausea, vomiting, abdominal cramps, fatigue, and diarrhea espe-
cially in children and immunocompromised patients.® Various methods are used for
diagnosis of B. hominis which are microscopic detection of the parasite in fecal
specimens, immunodiagnosis, molecular diagnosis and culture on Jones’s media.
The latter is considered as the gold standard diagnostic method.® Treatment of
infected patients is controversial as the symptoms seem to be self-limited in most of
the cases; however, it is crucial in case of persistent diarrhea when no other

pathogen could be detected in fecal samples with the presence of debilitating
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symptoms. Although metronidazole is considered the first
line of treatment of B. hominis,” side effects such as
metallic taste, anorexia, nausea, and vomiting may occur.
Besides, the regimen of treatment requires a long duration
consumption of the drug which may cause headache, ver-
tigo, dizziness, and syncope and sometimes may lead to
convulsive seizures, peripheral neuropathy, neutropenia,
and leucopenia. Resistance to metronidazole treatment
had been also reported since 1976:% thus, there was
a great need to develop a new, safer, and more effective
alternative drug.

Nanoparticles are new promising emerging drug car-
riers that proved to be effective in treating many parasitic
diseases through overcoming the poor cellular permeabil-
ity, nonspecific distribution, low bioavailability, and rapid
elimination of antiparasitic agents from the body. They can
also be used as antimicrobial agents. Among the different
types of nanoparticles used as antimicrobial agents, silver
nanoparticles (Ag Nps) have proved to have better efficacy
against different microorganisms although the exact
mechanism of its action is still unresolved.” A proposed
mechanism of parasite growth inhibition is by enhancing
the function of the immune system; another suggested
mechanism is by inducing morphological and structural
changes in the parasites'® and another mechanism is by
binding to the cell membrane of the infected cell and
causing cellular oxidative stress in microbes."’

Silver nanoparticles are ideal nanocarriers for antipar-
asitic drug delivery and have been successfully and effec-
tively used to treat several parasitic infections.'?
Nevertheless, their effect on B. hominis has not been
widely explored yet. Therefore, this study was conducted
to detect the effect of silver nanoparticles as a sole agent
and as a combination with metronidazole on B. hominis

in vitro compared to metronidazole.

Methods

Sample Collection and Processing

Stool samples were collected from symptomatic patients
attending the outpatient clinic of Theodor Bilharz
Research Institute (TBRI) in sterile, disposable clean con-
tainers labeled with the patient’s name and date of collec-
tion. They were examined macroscopically'> and
microscopically for the presence of B. hominis and to
exclude the presence of other parasites. Microscopic
examination of the samples was done by direct wet

smear,'* iodine stained smear,'® and formol ether

concentration technique.'® Positive samples were further
cultured in 5 mL of modified Jones’ media on the
same day of collecting the samples.” The culture tubes
were incubated at 37°C with daily examination for 72
hours. This was done by examining a drop of the super-
natant by the low (x10) and high (x40) power fields of
a light microscope. Culture tubes were considered negative
for B. hominis when no parasite growth was detected after
72 h of culture and incubation. Culture tubes were con-
sidered suitable for the assessment of the drug when the
parasite number/mL exceeded 1x103 vacuolar forms.'”

Preparation of the Drugs
The synthesis procedure of silver nanoparticles (Ag Nps)
and silver nanoparticles loaded with metronidazole (Ag
Nps + MTZ) used in the current study was adopted from
the procedure developed by Steve and Johnson.'® The
particles were characterized with a transmission electron
microscope, and their size distribution had a mean of 40
nm. The surface morphology and size distribution of silver
nanoparticles are shown in Figure 1. The concentration
used for both drugs was 150 pg/mL. The loading capacity
(LC) of nanoparticles was calculated according to the
Eq. 1:

%LC = [(A—B)/C] x 100
where “A” is the total amount of MTZ, “B” is the free
amount of MTZ and “C” is the weight of nanoparticles.
MTZ)

(Amrizole® injection for intravenous infusion) 0.5%w/v
in 100 mL bottles (500 mg MTZ in 100 mL) was

Commercially  available  metronidazole

50

Frequency

Ll [’} (] L]
IE Parcticle size (nm)

Figure | (A) Transmission electron microscope image showing the surface mor-
phology and image analysis of silver nanoparticles (mean 40 nm). (B) Histogram
showing the size distribution of silver nanoparticles.
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manufactured and purchased from Amriya for pharmaceu-
tical industries Alexandria, Egypt. It was used as
a reference antiprotozoal drug. The drug was protected
from light and stored below 30°C. Sterile distilled water
was added to the drug until reaching the required concen-

tration of MTZ that was adjusted to 150 pg/mL.

In vitro Anti-Blastocystis Activity of Ag
Nps, Ag Nps + MTZ and MTZ
Parasite subcultures were done by introducing inoculums
from the culture tubes into new sets of culture tubes
containing Jones’ medium with the tested drugs. Non-
treated control cultures of the parasites were also subjected
to the same procedure used for the other tested cultures.
Culture tubes were divided into four groups used in
triplicate for each drug and the non-treated (control) cul-
tures. Group A was the control group and included culture
tubes containing the parasite without treatment; Group
B was formed of culture tubes containing the parasite
and silver nanoparticles at a concentration of 150 pg/mL;
Group C was formed of culture tubes containing the para-
site and metronidazole loaded with silver nanoparticles at
a concentration of 150 pug/mL while Group D included
culture tubes containing the parasite and metronidazole
drug at a concentration of 150 pg/mL. The tested cultures
were incubated at 37°C and examined after 1, 2, and 3
h. The treatment period of at least 1 h was used in previous
standardized studies and had shown that this period is

needed to induce the cytotoxic effect in B. hominis."’

Assessment of in vitro Anti-Blastocystis Activity of Ag
Nps, Ag Nps + MTZ and MTZ

Assessment of the anti-Blastocystis activity of the tested
drugs was carried out by counting the number of viable
cells after 1, 2, and 3 h using eosin-brilliant cresyl blue
dye which stained viable cells with green color and nonvi-
able cells with red color.?’ Counting the number of viable
cells was done in duplication using a Neubauer cell counting
chamber under a light microscope. The percentage of growth
inhibition of B. hominis in the treated cultures to the non-
treated cultures was calculated according to the Eq. 2:

a—b

Growth inhibition (%) = x 100

where “a” is the mean number of parasites in control
cultures and “b” is the mean number of parasites in treated
cultures.

Statistical Analysis

Data were coded and entered using the statistical package for
the Social Sciences (SPSS) version 26 (IBM Corp., Armonk,
NY, USA). Data were summarized using mean and standard
deviation for quantitative variables. Comparisons between
groups were done using analysis of variance (ANOVA) with
multiple comparisons post hoc test.>' P-values less than 0.05

were considered statistically significant.

Ethical Consideration

This study was performed in line with the principles of the
Declaration of Helsinki. The protocol of this study was
approved by the scientific research ethics committee of the
Faculty of Medicine, Benha University. Patients included in
the study were informed verbally about the purpose of the
study and the collection of stool samples was performed
after obtaining their consent. The informed verbal consent
process was approved by TBRI Research Ethics Committee.

Results

The growth of B. hominis was inhibited after adding silver
nanoparticles, metronidazole loaded with silver nanoparti-
cles, and metronidazole to the culture tubes with all drugs
used at a concentration of 150 pug/mL. This inhibition was
directly proportional to the time of exposure to the drug
(Figures 2—4).

B. hominis cysts count was reduced by 20.72%,
28.23%, and 18.92% after one hour of adding silver nano-
particles, metronidazole loaded with silver nanoparticles,
and metronidazole, respectively. The decrease in all groups
compared to the control after the first hour was statistically
significant (P<0.05).

A further significant decrease in the parasitic count
was noted in all groups compared to the non-treated
control group after 2 and 3 hours of adding the drug
(P <0.001); the number dropped by 51.49%, 61.61%,
and 40.78% after 2 hours with silver nanoparticles,
metronidazole loaded with silver nanoparticles and
metronidazole, respectively, and dropped again by
71.69%, 79.67%, and 62.65% after 3 hours of adding
the drugs in the same orders. The effect of different
drugs on the growth of B. hominis is illustrated in
Table 1. The greatest effect on B. hominis was seen
when using metronidazole loaded with silver nanopar-
ticles (Figure 5).
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Count of B. hominis after 1, 2 and 3 hours
of adding the silver nanoparticles
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Figure 2 Means of the count of B. hominis after |, 2 and 3 hours of adding silver
nanoparticles in vitro.

Count of B. hominis after 1,2 and 3
hours of adding metronidazole loaded
with silver nanoparticles

25000
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Figure 3 Means of the count of B. hominis after 1, 2 and 3 hours of adding
metronidazole loaded with silver nanoparticles in vitro.

Discussion

Metronidazole is the first line of treatment of B. hominis.”
However, side effects, treatment failure, and resistance to
metronidazole had been reported since 1976 and similar
cases of treatment failure were reported later on.®
Therefore, a great need to develop newer and safer anti-
parasitic agents has emerged.

New approaches such as nanobiotechnology are used
nowadays in the treatment of different parasitic infections.
The use of nanobiotechnology in the treatment of parasitic
diseases is due to the unique properties of nanoparticles as
the size of nanomaterials reaches (10-100) nm which is
similar to the size of most biological structures, so enhance
the penetration of the drug to various tissues of the body.*
A study has suggested the occurrence of interaction
between the nanoparticles and the surface of parasites, as

the nanoparticles impair the structure of glycoprotein and
lipophosphoglycan molecules which are present on the
surface of parasites and are responsible for the
infection.”” They also proposed that the nanoparticles
release Reactive Oxygen Species (ROS) which have ser-
ious effects on these molecules; thus, they become able to
kill the infectious agents leading to termination of the
parasitic infection. The authors declared that the main
reason for using silver nanoparticles (Ag Nps) in their
study was the ability of (Ag Nps) to produce reactive
oxygen species (ROS) which have an inhibitory effect on
ATP production and DNA replication.*

The current study was carried out during the period
from February 2019 to February 2020; stool samples were
collected from patients attending outpatient clinics of
Theodor Bilharz Research Institute (T.B.R.I), Giza,
Egypt, suffering from gastrointestinal symptoms. By
microscopic examination, specimens proved to be infected
with B. hominis were collected and immediately cultured
on Jones’ media. Assessment of the effect of silver nano-
particles at a concentration of (150 pg/mL), metronidazole
loaded with silver nanoparticles at a concentration of (150
pg/mL) on Blastocystis hominis in vitro in comparison to
metronidazole at a concentration of (150 pg/mL) was
performed after 1 hour, 2 hours, and 3 hours.

The results indicate a significant reduction in the
B. hominis count by (20.72%, 28.23%, 18.92%) after
1 hour of adding silver nanoparticles, metronidazole loaded
with silver nanoparticles, and metronidazole, respectively,
with an unvarying concentration of (150 ug/mL).

Moreover, the reduction was (51.49%, 61.61%,
40.78%) after 2 hours and (71.69%, 79.67%, 62.65%)
after 3 hours of adding silver nanoparticles, metronidazole
loaded with silver nanoparticles, and metronidazole,
respectively. All drugs used were at an even concentration
of (150 pg/mL).

These results are in agreement with the sole previous
study that investigated the inhibitory activity of various
concentrations of silver nanoparticles and curcumin nano-
particles (Cur Nps) on B. hominis in vitro. The effect of
Ag Nps and Cur Nps was significantly higher than that
detected for MTZ through different incubation periods.
However, it concluded that the effect of the single therapy
was better than the combined Cur Nps + Ag Nps.'” The
main difference between this study and our current study is
in the incubation period and the time required for drug
assessment. In that study, the researchers examined the
culture after 72 hours while in our study we examined
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Figure 4 Means of the count of B. hominis after |, 2 and 3 hours of adding
metronidazole in vitro.

the cultures after 1, 2, and 3 hours. That is because Ag Nps
nanoparticles showed anti-parasitic activity on other pro-
tozoa like Entamoeba histolytica and Cryptosporidium
parvum with high mortality rates after only 180 min of
exposure time to Ag Nps.>* In another study, when MTZ
was used in vitro at concentrations of 150 and 250 pg/mL,
there was a significant growth inhibition and Apoptotic
like changes of B. hominis after 1 and 2 hours.?* Similarly,
Ag Nps showed significant anti-leishmanial effects by
inhibiting the promastigotes proliferation and metabolic
activity, with the highest suppressive effect on parasites
at a concentration of (200 pg/mL).?® Additionally, accord-
ing to a previous study, the use of silver nanoparticles
between 100 and 200 pg/mL proved to be safe in the
experimental animals as all the values of silver detected
in different tissues were within the safe range in the
experiment.'® Therefore, the current study was designed
to assess the viability of B. hominis when challenged
with Ag Nps and Ag Nps +MTZ at a concentration of
150 pg/mL for 1, 2, and 3 hours.

0 ® B. hominis with

Count of B. hominis 1~ Count of B. hominis 2 Count of B. hominis 3 metronidazole

hour after adding the hours after adding hours after adding
drug the drug the drug

Figure 5 Difference of the effect of different drugs on the count of B. hominis over
the hours.

Silver nanoparticles have been proven to have many
inhibitory and cytotoxic effects on many parasites such as
Giardia, Toxoplasma, Leishmania, Plasmodium, and even
insect larvae.?” One study examined the disinfection abil-
ity of Ag Nps on Cryptosporidium parvum oocysts in vitro
and confirmed the results by in vivo study. The researchers
detected nearly two orders of magnitude reduction in
oocyst shedding in mice fed on Ag Nps treated oocysts
when compared with the control group.”® Likewise,
another study showed that both silver nanoparticles and
silver ions significantly decrease Cryptosporidium oocysts
viability, in a dose-dependent manner, between concentra-
tions of 0.005 and 500 pg/mL, as assessed by an excysta-
tion assay and the shell/sporozoite ratio, the results were
statistically significant at 500 and 5000 pg/mL.*

The effects of Ag Nps and Chitosan were studied to
evaluate their anti-7oxoplasma effects singly or combined
as treatment and as prophylaxis in the experimental ani-
mals and the results showed that silver nanoparticles used
singly or combined with chitosan have anti-toxoplasma

Table | Effect of Ag Nps, Ag Nps + MTZ and MTZ on the in vitro Growth of B. hominis After Different Incubation Periods, Drugs/

Concentration (ug/mL)

Groups (Drugs/ Control B. hominis with (Ag

Concentration (ug/mL)) | Group

Nps 150 pg/mL) Group

B. hominis with MTZ
(150 pg/mL) Group

B. hominis with Ag Nps + MTZ
(150 pg/mL) Group

(Cells/mL) Meant SD (22200.00) + | (17600.00) +1928.73*

(Thour) 2107.13 (20.72%) (18.92%)
(Cells/mL) Mean+SD (22400.00) + | (10866.67) * 808.29* (51.49%) | (8600.00) + 600.00* (61.61%) (13266.67) + 702.38*
(2hours) 2306.51 (40.78%)
(Cells/mL) Meanx SD (22133.33) £ | (6266.67) + 808.29* (71.69%) | (4533.33) £757.19* (79.67%) (8266.67) £ 1101.51*
(3hours) 2013.29 (62.65%)

(15933.33) + 1814.75* (28.23%) | (18000.00) + 1509.97*

Notes: Values are expressed as mean * SD and Growth Inhibition (%) from control. *Statistically significant difference compared to infection control group (p<0.05).
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potentials. In different tissues, the amount of silver
detected was within the safe range. Thus, these nanoparti-
cles proved their effectiveness against the experimental
Toxoplasma infection.'® Similarly, another study investi-
gated the effectiveness of Ag Nps on Leishmania tropica
in both stages amastigote and promastigote, and in com-
parison to pentostam as a control drug in vitro, it showed
the effects of Ag Nps when compared to pentostam at
different concentrations.*°

The data presented here allow us to confidently pro-
pose the use of silver nanoparticles and metronidazole-
loaded silver nanoparticles as highly efficient alternative
therapy against B. hominis infection. Nevertheless, to bet-
ter understand the mechanism of inhibition and whether
these particles induce ultrastructural or immunological
changes to the parasite, more studies are still needed.
Besides, as cytotoxicity associated with nanotechnology
is still raising certain concerns, we recommend conducting
further in vivo studies of the combined drug at the current
concentration to address this issue.
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