In vitro effect of AgNP nanoparticles on Acanthamoeba castellani parasite
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Keratitis is a vision-threatening corneal infection caused
by the protozoan Acanthamoeba castellani, for which
there is currently no viable and safe therapy in either
people or animals. As a result, more effective and safer
anti-amoebic agents are urgently needed. The study aims
to determine the effect of silver nanoparticles (AgNPs) on
clinical strains of Acanthamoeba spp. 78 Acanthamoeba
Keratitis (AK) patients' corneal smear were collected
using a sterile swab from different hospitals in Basrah
province, Iraq. Silver nanoparticles (AgNPs) were
synthesized using Rosmarinus officinalis leaf extract, and
used with serial concentrations to evaluate their in vitro
cytotoxicity. AgNPs exhibited an absorbance peak at 455
nm. The FTIR analysis identified the chemical
constituents in the extract that contribute to AgNP
synthesis and surface stabilization. AgNPs displayed a
size of 25.70 nm and a Z-average of 106.3 nm using Zeta
sizer. The X-ray diffraction (XRD) analysis was
comparable to the positions of the standard of Ag and
AgO. Zeta potential analysis revealed a peak at -41.7 mV.
Field Emission Scanning Electron Microscope (FE-SEM)
images demonstrated AgNPs nanoscale with an average
size of 40-50 nm. AgNPs showed considerable potential
to eliminate both trophozoite and cyst stages of the
parasite; trophozoites readily appeared to absorb silver
nanoparticles, while cyst stages suffered destruction in
their resistant walls.
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1. Introduction

Acanthamoeba castellani is an opportunistic free-living protozoan that is the leading cause
of a severe vision infection in mammals called Acanthamoeba keratitis (AK) [1]. A
potentially blinding cornea infection that has gained global attention due to an annual rise in
reports [2]. In 1930, the scientist Castellani discovered Acanthamoeba [3]. These organisms
blossom in hot tubs, swimming pools, and ponds. They can reside as latent cysts or active
trophozoites [4]. It enters the eyes, nasopharyngeal mucosa, skin, through contact lenses (CL),
surgical instruments, drainages, dust, filth, air, dialysis machines, and sediments. As soon as it
enters the eye, it primarily affects the corneal epithelium, enters the stroma, and penetrates the
corneal nerves, causing necrosis, beginning to destroy target cells quickly [5]. Ring-like
stromal infiltrates and corneal lesions are the characteristic features of this infection. The ring
infiltrates could be seen as transparent in the center of the cornea, leading to loss of vision [6].
Furthermore, [7] state that this pathogen is an uncommon corneal infection that might harm
eyesight if left undiagnosed and untreated. It is frequently resistant to standard eye treatments
[8] because of its cyst stage double walls, which make it resistant to a range of environmental
stressors, such as harsh conditions like hunger, pH, heat, osmolality, dryness, chlorination,
antimicrobial substances, and PHMB resistance [9]. Misdiagnosing infections as fungal or
viral keratitis leads to delayed treatment and potential visual loss. The most successful
treatment known is a mixture of hexamidine and propamidine isethionate or chlorhexidine
digluconate, as no single medicine has been identified. Unfortunately, Prolonged therapy with
these medicinal substances is highly harmful to the eyes [10]. The development of
medications to treat this infection is insufficient because of the rarity of the disease and the
lack of knowledge among [11]. Unfortunately, the amoebic activity of diamides and
biguanides, which are typically used as the first line of therapy, is quite intrusive because of
the Prolonged treatment that increases corneal toxicity and promotes amoebae encystament
[7]. There is an urgent need to develop innovative treatments that are low toxicity to the eye
but have high effects against all stages of Acanthamoeba spp. Furthermore, Many compounds
failed to be effective against Acanthamoeba spp because they were difficult to penetrate the
brain barrier, and the cyst stage's rigid structure made it resistant to extreme conditions [12].
Recent studies have paid little attention to the identification of nanoparticles and their use in

AK treatments, as they do with many other parasites. Several nanoparticles (NPs) have been
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tested in vitro to assess their effectiveness as antimicrobial [13] and insecticidal [14]. Few
studies have examined the effectiveness of nanoparticles against amoebic protozoans, such as
Acanthamoeba. Nanoparticles, particularly silver nanoparticles (AgNPs), have been
investigated in vitro for their effectiveness against harmful microbes, and they are developing
as potential antimicrobial, antidiabetic, Antioxidant, antibiofilm and antiviral agents [15-18].
Unfortunately, there is limited research on the effectiveness of nanoparticles against amoebic
protozoans, such as Acanthamoeba. Silver nanoparticles' ability to kill parasitic organisms has
been examined in helminths such as Echinococcus granulosus and trematodes such as
Schistosoma japonicum [19, 20]. and hematophagous vectors like Haemaphysalis sp.,
Anopheles sp., and Culex sp. [21]. The AgNPs are demented the anti-protozoal activity
against Giardia intestinalis, Leishmania spp., Toxoplasma gondii, Entamoeba histolytica,
Plasmodium spp. and Cryptosporidium parvum [22, 23]. It was also detected by [24, 25] that
AuNPs can exhibit anti-protozoal action. Our research is a novel investigation of the in vitro

effect of silver nanoparticle on Acanthamoeba castellani.

2. Materials and Methods

2.1. Isolation of Acanthamoeba

An eye examination involved a thorough evaluation with the slit lamp. Seventy-eight
patients' corneal smears were collected from different hospitals in Basrah province, Iraq,
using a sterile cotton swab that was rolled from one side to the other. Samples were taken
from the eye and lower conjunctiva and examined under a light microscope, as [26] stated.

Finally, they were microscopically examined using the wet-mount technique.
2.2. Cultivation, examination, staining, and classification

The positive isolates were grown in petri dishes contain the PYG medium (1.0% agar,
0.75% w/v yeast extract, 0.75% w/v proteose peptone, and 1.5% w/v glucose), the medium
was autoclaved and supplied with 10 mg/mL gentamicin and penicillin at 27°C then incubated
at 30-32 [27]. Strains were subcultured twice, then examined under a light microscope. The
wet mount technique includes adding two drops of Acanthamoeba suspension, then spreading

the drops out on a glass slide, and covering them with a coverslip [28].

The count for Acanthamoeba cells was performed by adding sterile PBS saline solution to
the media, followed by collecting the Acanthamoeba cells by centrifugation (5 minutes at
2000 rpm). Finally, the cells were washed twice using sterile PBS solution [29], and were

counted using a Neubauer hemocytometer. The vitality of Acanthamoeba cells was measured
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using a 1:1 ratio of the "Trypan Blue" dye (0.4%) added to the wet mount prepared previously
[30]. The staining of Acanthamoeba cells was conducted using different stains, including
methylene blue and 0.1% eosin. One drop of each stain was added to the previously prepared
wet mount, then the coverslip was put over it. The slides were examined under a light
microscope with a 100X magnification. Finally, the genus was morphologically categorized

by [31].
2.3. The aqueous extract R. officinalis leaf preparation

The dry leaves of R. officinalis were collected from the local markets of Basrah city, Iraq.
The leave powder was prepared using electrical grinder. Next, 3 g of the leave powder were
added to a conical flask contains a 100 ml of a sterile distilled water (D.W) following the
method described by [32]. The blend was then heated using stirred hot plate at 30 °C for 15
min. After that, the extract was filtered using filter paper and stored at 4 °C until subsequent

use.
2.4. Silver nanoparticles preparation

Silver nanoparticles were synthesized using R. officinalis leaf extract [33]. The protocol
was conducted by firstly preparing a fresh aqueous solution of silver nitrate (AgNO3) (0.001
M). In a 250 ml glass clean beaker, 95 ml of water was put on the hot plate and vigorously
stirred for one minute. After that, 5 ml of R. officinalis leaf extract was gradually added and
left for mixing for 30 min. The reaction mixture was left in a dark place for 24 hours to reduce
the silver salt and synthesize silver nanoparticles fully. After overnight incubation, the
synthesized AgNPs was centrifuged at 10.000rpm for 15 min, and the pellet was collected and
washed twice with DW. The pellet was then dried, and weighed then 1 ml of DW was added
to prepare suspension and then stored in a dark place at room temperature. This solution was

used as a stock solution to prepare seven serial dilutions of AgNPs using distilled water.
2.5. Silver nanoparticles characterization

To investigate the silver nanoparticle characterization, a UV-Vis spectrophotometer
within wavelengths of 200-800 nm was employed to obtain the peak of AgNPs. Further, the
chemical constitutions of AgNP surface or R. officinalis extract were analyzed using an FTIR
device (BRUKER, the University of Basrah, chemistry department) with the wavelengths of
400 and 4000 cm-1. Zeta potential (HORIBA) was utilized to discover the potential charge of

the silver nanoparticle surface with Conductivity: 0.066 mS/cm and Electrode Voltage: 3.8 V.
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In addition, Field Emission Scanning Electron Microscopy (FESEM) (ZEISS), (MIRA III,
Czech Republic) was employed to obtain silver nanoparticle images with a magnification of

100.00 kx, a resolution unit at ETH 5.00 kV, and a window of electrons of 8.3mm [34].

2.6. The in vitro effect of AgNPs on the Acanthamoeba parasite

Acanthamoeba cyst and trophozoites, with concentration 6x105 cells/ml, were treated in
vitro with different concentrations of green-synthesized AgNPs (100, 50, 25, 12.5, 6.2, 3.1,
and 1.6 pg /ml) for periods of 2, 4, and 6 minutes. A control samples were prepared using
distilled water and set for the above periods of time. Amoebicidal activity was calculated
using the percentage of cell death. Cell counting was done after each experiment using a
direct light microscope and a haemocytometer [35]. The experiment was made in triplicate,
with three independent experiments, and conditions were regulated similarly. The standard

deviation and mean values were computed.
2.7. Drug extract exposure

Acanthamoeba cyst and trophozoites (4x10 5 cells/ml) were treated with
Polyhexamethylene Biguanide PHMB (0.02%) by adding a drop of this drug in distinct tubes
for a period of, 2, 4, and 6 minutes and then incubated at 25°C. The cell viability was
evaluated. Incubation with water was used for the control group. Quantification was used after

PHMB exposure; using a Hemocytometer, all experiments were repeated 3 times [36].
2.8. Statistical analysis

All statistical analyses in this study were conducted using IBM SPSS Statistics version 27

and Microsoft Excel 2019 for data analysis, visualization, and result validation.

3. Results

3.1. Acanthamoeba isolation from AK patients

Infected patients have been suffering from different symptoms depending on the infection
stage (as illustrated in Figure 1). The clinical features of the early stage of AK included
reddish eyes, inflamed conjunctivae, tears, strong corneal infection, and severe pain (Figure 1
(1)). Furthermore, white ring stromal infiltrates and corneal lesions in the second stage of
infection were detected (Figure 1 (2)). Another patient showed a marked corneal injury in the
late stage of AK, showing that the cornea was relatively translucent, yielding to vision loss

(Figure 3 (3)).
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Figure 1. The infected eyes with Acanthamoeba keratitis.1- The first stage of infection
shows an inflamed eye, inflammation of the conjunctiva, and congested sclera. 2- showing

abscess and ring infiltrate. 3- Diffusion and infiltration of the cornea.

Figure 2. Microscopic image of Acanthamoeba castellanii cyst 1-unstained 2-trypan
blue stained 3-eosin stained 4-methylene blue stained

Figure 3. Microscopic image of Acanthamoeba castellanii trophozoite showing the acanthopoda
(arrow).

3.2. Silver nanoparticles synthesis

Figure 4 exhibit the colour conversion from of the combination of brown colored R.
officinalis leaf extract (1) and AgNO3 solution (2) from light yellowish brown (3) to dark
greenish brown (4) post 30 minutes of the combination at 40°C and then to a greenish dark

brown after 24 hours of the combination at 25°C in a dark place.
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Figure 4. Color change during silver nanoparticle synthesis. 1) plant extract, 2) silver
nitrate salt (AgNO3), 3) plant extract and AgNO3 after 0 min of the incubation, 4) plant
extract and AgNO3 after 15 min of the incubation, 5) plant extract and AgNO3 after 24 hour
and 6) silver nanoparticles after centrifugation

3.3.Silver nanoparticles characterization

3.3.1. UV-vis spectrophotometer analysis

Figure 5 exemplifies the optical absorbance spectra of AgNPs. The peak of the absorbance

was concentrated at a wavelength of 455 nm.
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Figure 5. UV—vis spectrophotometer absorption of AgNPs



Z. S. Almayah et al. Basrah |. Sci. 44(2) (2026) 1-27

3.3.2. Fourier Transform Infrared Spectroscopy (FTIR) analysis

Figure 6 reveals the outcome of Fourier transform infrared test of AgNPs utilizing R.
officinalis leaf extract. It has been getting a broad maximal peak at a wavelength of 3280.85
cm-1, which suggests the presence of a hydroxyl group (-OH) of the aqueous plant extract.
Moreover, the FTIR investigation revealed another four peaks located at different

wavelengths (1638.71 cm!, 1257.68 cm™!, 1118.66 cm™!, and 948.43 cm™).
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Figure 6. FTIR analysis of AgNPs

3.3.3. Zetasizer analysis

The size distribution of AgNPs was investigated using Zetasizer Nano ZS (Malvern,
physics department, University of Basrah, Iraq). Figure 7 indicates the size distribution of
AgNPs with nanoparticle number. The analysis showed significant details, including that the
size of 99.8% of nanoparticles was about 25.70 nm, while only 0.2% of nanoparticles had a
size of 103 nm; this led to the size average (Z-Average) being found to be 106.3 (d.nm). The
value of Polydispersity index (PDI) was at 0.516, and the standard deviation was 5.113.

Table 1. Size distribution of AgNPs

The variable The value
Size (d.nm) 25.70
Z-average (d.nm) 106.3
PDI 0.516
The standard deviation 5.113
The intercept 0.78
The quality of result Good
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Size (d.nm)

Size (d.n... % Number: St Dev (d.n.
Z-Average (d.nm): 106.3 Peak 1: 25.70 99.8 5.113
Pdl: 0.516 Peak 2: 113.4 0.2 35.93
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Figure 7. Zetasizer analysis of AgNPs

3.3.4. X-ray diffraction (XRD) analysis

The chemical construction of nanoparticle surfaces, the atomic disposition, the size, and

orientation of nano-crystals were inquired into using the X-ray diffraction (XRD) test. Figure
6 appears the XRD analysis of AgNPs with clear linear broad peaks at 32.18°, 38.08°, 45.78°,
55.94°, 66.33°, 73.78°, and 79.18°. These positions of peaks correspond to 122, 111, 200,
142,220, 311, and 112 values of AgNPs XRD, respectively.
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Figure 8. X ray diffraction (XRD) analysis of AgNPs
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3.3.5. Zeta potential analysis

Figure 9 exhibits zeta potential analysis of AgNPs, which was found to be one peak at -

41.7mV.
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Figure 9. Zeta potential analysis of AgNPs

Table 2. Zeta potential analysis of AgNPs

Parameter Calculation Results
Peak No. 1 -41.7 mV -0.000323 cm2/Vs
Peak No. 2 ---mV --- cm2/Vs
Peak No. 3 ---mV --- cm2/Vs
Zeta Potential (Mean) -41.7 mV
Electrophoretic Mobility Mean -0.000323 cm2/Vs

3.3.6. Field Emission-Scanning Electron Microscope (FE-SEM) images

Silver nanoparticle images were captured using a Field Emission Scanning Electron

Microscope (FESEM), as established in Figure 10. The image presented a visible structure,

shape, and size for AgNPs that appeared in a spherical character with small sizes of 40-50 nm.

10
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Figure 10. FE-SEM image of AgNPs

3.4 AgNPs' activity and cytotoxicity

One of the primary goals of nanoparticles used in this study is to examine their
therapeutic potential against Acanthamoeba spp, and validate their efficacy. Through in vitro
investigation, it was found that these compounds had strong lethal characteristics against
Acanthamoeba. Indicated that trophozoites yielded varying results based on the type of NP

utilized.

Table 3 shows the analysis of the effect of different concentrations (1.6—-100 pg/ml) and
exposure times (2, 4, 6 minutes) on the trophozoite stage of the parasite, comparing the
effectiveness of the tested substance with the PHMB treatment and the control group. The
results indicate that there are clear significant differences between the concentrations, as
shown by LSD and statistically significant values (p< 0.05) at all times, confirming the

cumulative effect of concentration and time on inhibition of the cyst stage.

In a 2-minute exposure period, high concentrations (100, 50, 25, 12.5 and 6.2 pg/ml)
maintained killing rates close to 100% with no significant differences between them (all with
the letters "a" and "b"), indicating the efficiency of the nanoparticles in this short period.
Further, the effectiveness of the AgNPs began to decrease at the concentrations of 3.2 and 1.6
pg/ml with mortality rates of 67.7 = 1.5 ¢ and 41 £ 2.1 d, respectively. However, AgNPs at
3.2 and 1.6 pg/ml showed a statistically significant differences in mortality efficacy compared
to the PHMB treatment that exhibited a mortality rate of 23.3 = 1.5 e. In addition, in a 4-
minute exposure period, all concentrations of 100, 50, 25 and 12.5 showed complete mortality

rates of the trophozoites at 100% with no significant differences. The concentration of 6.2,

11
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3.1, and 1.6 pg/ml continued to show a mortality of 92 + 3.6 b, 78 + 0.6 ¢ and 60 + 2.3 d,
respectively, with a gradual decrease depending on the concentration. However, interestingly,
still the lowest concentration able to cause a statistically significant mortality of 60 £+ 2.3 d,
compared to the drug of PHMB that showed 34.7 + 2.6 e. Further, results indicate increased
effectiveness of the AgNPs in conjunction with the length of the exposure time (a 4-minute)
compared to a 2-minute exposure period. Further, in a 6-minute exposure period, the results
showed higher efficacy compared to the previous two times. The effect of AgNPs was high
(99.3% =+ 0.3% a) at a concentration of 6.2 pug/ml, also, the concentrations of 3.1 and 1.6
pg/ml exhibited mortality rates of 72% + 13.6% c and 70.6% =+1.2%c, respectively, with no
differences. As can be seen, these lowest concentrations of AgNPs exhibited a statistically

significant mortality rate in comparison to PHMB treatment, which recorded (45% = 2.3% d).

Figure 11 shows the change in the percentage of trophozoite stage destruction after
treatment at different concentrations of AgNPs and for increasing exposure periods (2, 4, 6
minutes). The histograms show that the length of the exposure time plays a fundamental role
in enhancing the inhibitory effect of AgNPs, as the 6-minute exposure duration (blue column)
caused the complete elimination of the parasite at almost all concentrations, with a mortality
rate of almost 100%, indicating a very high effectiveness of the AgNP in this period. In 4-
minute exposure period (red column), a gradual increase in the percentage is observed with
high concentration, from 1.6 pg/ml to 100 pg/ml, with relative stability after 12.5 pg/ml. 2-
minute data (striped column) show relatively low mortality rates, especially at low
concentrations (1.6—6.2 ng/ml), reflecting the limited effect of the substance at short exposure

duration.

Table 4 shows the effectiveness of different concentrations (1.6-100 pg/ml) of AgNPs
under study in inhibiting the parasite cyst under the influence of three exposure periods (2, 4,
6 minutes), compared to the PHMB treatment and the control group. It is noted from the
statistical values of the LSD test that the differences between the concentrations were

significant at each exposure time (p < 0.05).

12
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Table 3: Analysis of the effect of AgNP at different concentrations and exposure times on
the trophozoite stage, with comparison with the effectiveness of PHMB treatment and control

Time Concentration Trophozoite Stage LSDo.0s
100 100+0a
50 100£0a
25 96.7+33Db
12.5 95+ 2.6b
2 min 6.2 85+ 2.6b 0.0173*
3.1 67.7t15¢
1.6 41+2.14d
PHMB 23.3+15e
Control 0+0f
100 100+0a
50 100+ 0 a
25 100+0a
12.5 100+0a
4 min 6.2 92+3.6b 0.0399*
3.1 78 +£0.6 ¢
1.6 60+2.3d
PHMB 347+26e
Control 0+0f
100 100+0a
50 100+£0a
25 100+0a
12.5 100£0a
6 min 6.2 99.3+3a 0.0265*
31 72+13.6 b
1.6 70.6 £1.2 ¢
PHMB 45+2.3d
Control 0+0e

Values are expressed as (Mean =+ standard error (S.E.)
*Significant difference between groups (p value < 0.05)
In each period of time, different litters mean there is statistically significant different.

13
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Figure 11. Percentage of trophozoite phase mortality after treatment at different

concentrations of AgNPs and for multiple exposure periods (2, 4, 6 minutes)

In 2 minutes, the inhibitory effects at 100 pg/ml of AgNPs were (100 £+ 0 a), while at 50
25 pg/ml were 99.3 £ 02.8 b and 81 + 1 b with no significant differences between them. The
mortality of cysts was gradually declining with decreasing the concentrations. In addition,
56.7 + 2.8 c of cysts was destroyed from 12.5 pg/ml of AgNPs. However, AgNPs destroyed
21.3 £ 1.5 e of cysts with 3.1 pg/ml of AgNPs, with no statistically significant difference
compared to the PHMB treatment (23.3 + 1.5 e), while the control group was devoid of any
activity (0 = 0 f).

Further, in 4 minutes, the effects from the concentrations of 100, 50 ug/ml were found to
be 100%= 0.0a. Although the mortality rates decreased slightly at concentrations of 50, 25,
and 12.5, the rate of mortality was still high. Interestingly, the effect of AgNPs at 3.1 pg/ml
on cysts (37 = 3.1 e) was also similar to the PHMB treatment (34.7 £ 2.6 ¢) with no

statistically significant differences, which enhances the feasibility of the comparison.

In addition, in 6 minutes, the differences were significantly increased, with a
concentration of 50 pg/ml, the mortality of cysts was 89.3 = 0.3 b. Remarkably, the
concentration of 3.1 pg/ml showed a high efficacy of 45.7 £ 1.8 e close to the PHMB
treatment (45 + 2.3 e), highlighting the cumulative temporal efficiency of AgNPs. The lowest
concentrations showed less efficacy in inhibiting the cysts, with the lowest mortality rate

recorded at 1.6 pg/ml (28 + 0.5 f).

14
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Table 4. Effect of different concentrations of AgNPs and exposure times on cyst stage, with
comparison with the effectiveness of PHMB treatment and control

Time AgNP concentration (ng/ml) Cyst Stage LSDy.0s
100 100+0a
50 99.3+2.8b
25 81+1b
12.5 56.7+2.8¢
2 min 6.2 41.7+2.2d 0.0285*
3.1 213+15e
1.6 17+02f
PHMB 233+15¢
Untreated (Control) 0+0f
100 100+0a
50 100+0a
25 85+1.5b
12.5 65.7+24c¢
4 min 6.2 47.7+0.7d 0.0319*
3.1 37+3.1e
1.6 214+06f
PHMB 347+26¢
Untreated (Control) 0+0f
100 100+£0a
50 100+0a
25 89.3+03b
12.5 75.7 +£2.8¢
6 min 6.2 56+3.5d 0.0174*
3.1 457+ 18¢
1.6 28+0.5fF
PHMB (0.02%) 45+23¢
Untreated (Control) 0x0f

Values inside the table are expressed as (Mean + standard error (S.E.)
*Significant difference between groups (p value < 0.05)
In each period of time, different litters mean there is statistically significant different.

Figure 12 shows the change in the percentage of cyst stage destroying after treatment with
different concentrations of AgNPs and for increasing exposure periods (2, 4, 6 minutes). The
graph shows that the cyst phase is less responsive to the treatment than the trophozoite stage,
where the percentage of depreciation is significantly reduced at low concentrations, while it
increases with increasing exposure duration, as the histograms show that the length of the

exposure time plays a fundamental role in enhancing the inhibitory effect of AgNPs,

At concentrations of 100 and 50 pg/ml, the three time curves showed distinct responses,

with the cumulative time effect evident. The exposure time of 6 minutes (blue column)

15
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recorded a mortality rate of 100% at higher concentrations, while this percentage was low in a
time of 2 minutes (striped column). In 4-minute exposure period (red column), a gradual
increase in the percentage is observed with high concentration. The 2-minute data (striped
column) show relatively low mortality rates, especially at low concentrations (1.6—6.2 pg/ml),

reflecting the limited effect of the substance at short exposure duration.
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Figure 12. Percentage of cyst stage mortality after treatment at different concentrations of
AgNPs and for multiple exposure periods (2, 4, 6 minutes)

Furthermore, Figure 13 shows the microscopic images of A. castellanii cysts after 6
minutes of incubation with different concentrations of AgNPs, as well as the control without
treatment. As can be seen that AgNPs induced clear morphological changes in A. castellanii
cysts, which found to be dose-dependent. The cyst in the image A showed small morphology
change after 6 minutes of the incubation compared to the cyst in the control image, however,
this change became clearer in the cyst of the image B. It was clearly observed that AgNPs at
3.1 and 6.2 pug/ml were concentrated in the cytoplasm of the cyst of images B and C
respectively, which appeared as brown colour (red arrows). Moreover, with increasing AgNP
concentrations, 12.5, 25 and 50 pg/ml (Images D, E, and F, respectively), the morphology of
the cysts lost its significant arms. It became irregularly shaped and further developed to brown
pigmentation, resulting from increased AgNP concentration within the cysts. Interestingly, at

the highest concentration, 100 pg/ml of AgNPs (Image G), 4. castellanii cysts lost their walls
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and were finally exposed to apoptosis; thus, they do not exhibit a distinctive shape, due to the

disturbance by the AgNPs; however, a remnant of the cyst can be seen (yellow arrows).

N J = A

Figure 13. Microscopic images of Acanthamoeba castellanii cysts after 6 minutes of the
incubation with A 1.6 pug/ml, B) 3.1 pg/ml, C) 6.2 ug/ml, D) 12.5 pg/ml, E) 25 pg/ml, F) 50
pg/ml and G) 100 pg/ml of AgNPs, in addition to Con: control without treatment with
AgNPs. The red arrows manifest the AgNPs inside the cyst stage which increases with rising
the concentration of AgNPs nanoparticles

4. Discussion

4.1 Acanthamoeba isolation from AK patients

Different strains are important for detecting the morphological details of clinical
specimens' phases for identifying the isolated pathogenic strain [7]. The results of this study
showed that the stain of methylene blue is effectively visualized the morphological details of
Acanthamoeba species stages, making differentiation between species straightforward,
whereas eosin was adequate for staining Acanthamoeba cysts. These results agree with the
data of [37]. Finally, the protozoan was classified morphologically depending on the presence
of 6 arms in cyst stages, and it was related to the genus Acanthamoeba castellani, as indicated
by [32]. Also, the trophozoite stage contained fine acanthopodia, which were the

characteristic feature of the genus.
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4.2 Silver nanoparticles synthesis

The images in Figure 2 confirm the Ag' ion reduction to Ag® during the synthesis. The
resulting Ag0 is gathered to form tiny clusters, which are then converted into silver nano-
sized particles. These outcomes are close to the prior studies [38, 39] The presentation of final
color of silver nanoparticles was expected as a result of a surface Plasmon Resonance
phenomenon [40]. It has been indicated that the chemical substances accord in the R.
officinalis leaves contain different active substances that effectively reduce and cap of

nanoparticles during the green synthesis process [41, 42].
4.3. Silver nanoparticles characterization

The result of UV-Vis absorbance are almost identical to earlier research, revealing that
silver nanoparticle absorption peaks are between 420 and 450 nm [43-45]. These absorption
peaks have been shown to result from the resonance of silver nanoparticle surface electrons
[46, 47]. The UV—vis spectrophotometer is the first technique that can be applied to identify
various classes of nanoparticles [48] Moreover, the SPR peaks give deep facts regarding their
specific sizes, as it has been demonstrated that the nanoparticles with a small size could
exhibit an absorbance at 410-420nm compared to the large ones. A study of [49]
demonstrated that the AgNPs with 15.3nm in size exhibited an optical absorption peak of 412
nm. Hence, the AgNPs in this study showed an absorbance peak at 455 nm, which could be
desired within a size range of more than 15.3 nm, which could be confirmed by further

examination.

Furthermore, the peaks of FTIR (1638.71 cm™, 1257.68 cm™!, 1118.66 cm™', and 948.43
cm™), are related to the interaction between the silver ions and the active groups of R.
officinalis plant, which explicate the AgNP synthesis. The last peak at 636.65 cm™! is related

to the Ag ions. These outcomes are coordinated with earlier records [42, 50].

Overall, Zetasizer analysis quality was found to be good, which indicates that AgNPs are
spherical and entirely monodispersed [[1]. Table 1 summarises the data shown in Figure 5
regarding the size distribution of AgNPs. The current results are identical to those of previous

studies [2, 3].

This study found that the data of X-ray diffraction (XRD) analysis are comparable to the
positions of 62 XRD motifs of the Joint Committee on Powder Diffraction Standards (JCPDS)
data of the number (00-001-1167). A study of [53] revealed the same positions of peaks.
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Furthermore, the peaks at 27.73°, 30.23°, and 59.83° were found to be correlated with 100,
111, and 220 of XRD values of AgONPs, which correspond to the JCPDS data card of (01—
076-1489) [54].

The results of Zeta potential analysis were similar to previous that record by [45, 55]. It
is well known that the value of zeta potential (= 30 mV) is desired for the stabilization of
nanoparticles [56]. The value of the zeta potential of AgNPs could be related to the charge of
organic molecules of the plant extract that cover nanoparticles during the synthesis process.
The value of zeta potential is a factor in the cytotoxicity of nanoparticles against
Acanthamoeba, as they can enter the cysts and trophozoites and produce apoptosis.
Furthermore, all captured images of AgNPs showed that the particles were monodispersed,
with no evidence of obvious aggregation. These results are agreed with various previous

studied [57-59].
4.4. AgNPs' activity and cytotoxicity

These results of AgNPs' activity and cytotoxicity suggest that the effectiveness of the
AgNPs is directly related to the duration of exposure, and that average concentrations can
achieve a significant effect when time increases. These findings are consistent with recent
studies on the role of time and concentration as critical factors in controlling stages such as
the trophozoite, where previous experiments have shown that the cyst requires longer
exposure or higher doses to achieve efficacy equivalent to that observed against the

trophozoite stage [60-62].

The mortality patterns of trophozoite phase suggest a direct relationship between focus
and effectiveness at short exposure periods, while an increase in exposure time enables a
strong effect even at medium concentrations. These observations support the results of the
previous table, reinforcing the hypothesis of the combined cumulative effect of time and
concentration. Such an effect has been documented in previous studies that have shown that

resistance requires a longer exposure time to achieve the optimal effect [60-62].

These results of the cyst stage mortality are consistent with recent literature that Cyst has
a cellular structure that is more exposed to inhibitory agents than Cyst, making it more
susceptible to chemical treatments at relatively short exposure periods [60, 62]. Further, the
results also These results also support the hypothesis that simultaneous use of active
concentration with appropriate exposure duration is critical in eliminating the parasite's living
phases.
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The results of this study suggest that the AgNPs have inhibited both stages of the parasite
and assisted in the breakdown of the wall integrity. They also slowed and suppressed the

trophozoite stage's growth, proving that they exhibit strong killing properties.

Using a different concentration of AgNPs has been demonstrated to destroy and inhibit
the cyst walls, considerably obstructing the formation of trophozoites and inhibiting their
encystation. This result matches the study of [63] which showed that AgNPs have a pivotal
effect on the lipid structure of the plasma membrane of microorganisms, leading to its

disintegration and exhausting the intracellular ATP levels.

Furthermore, the findings suggest that AgNP treatment may decrease Acanthamoeba
castellani growth by triggering trophozoites autophagy and death through ingestion and
internalisation of AgNPs. This is agrees to the study of [64] that showed that AgNPs lead to
the oxidative destruction within cells and likely interact with cell membrane proteins,
releasing silver ions that reduce the production of RNA and DNA. Also, a study on Candida
albicans found that AgNPs caused oxidative stress-induced cell death by accumulating
reactive oxygen species (ROS) and affecting membranes, ergosterol content, cellular

morphology, and ultrastructural components [65].

The AgNPs reduced the number of trophozoites and cysts, and their effects were highly
fatal. Compared to the control, the treated with AgNPs demonstrated total suppression and
destruction. This is similar to the study by [66] which found a substantial dose dependent
reduction in adherence and metabolic activity after treatment with AgNPs against the

environmental strain of Acanthamoeba.

5. Conclusions

There aren't many studies on how well AgNP works against Acanthamoeba. However, they
are advantageous against infections caused by free-living amoebae due to their numerous
medical benefits, in addition to their antiviral, antibacterial, and antiprotozoal properties. The
present study investigations have indicated that combining AgNPs with plant metabolites may
be a potential technique for amoebicidal action against A. castellanii in both stages. This
technique can be used to treat Acanthamoeba infections. Furthermore, the minimum value of
AgNP that was used in vitro for both stages of Acanthamoeba was more effective in killing

than the PHMB used.
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