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Background & Objective:  Conventional treatment of Acanthamoeba typically 
involves a combination drug strategy, but its efficacy in clinical settings remains 
incomplete. Evaluating the therapeutic potential of existing drugs is a way used to 
introduce effective treatments for infectious agents. This study aimed to assess the 
in vitro anti-Acanthamoeba effect of valproate (VPA). 

 Materials & Methods:  An experimental study was conducted using Acanthamoeba 
cysts belonging to the T4 and T5 genotypes. Cysts collected from the culture medium 
were exposed to gentamicin, polymyxin, and three different concentrations of VPA 
for varying durations (1, 4, 6, and 24 hours). The treated cysts were stained with trypan 
blue, and the percentage of growth inhibition was calculated. Additionally, the 
viability of treated cysts was assessed by culturing them on non-nutrient agar plates 
for one month.  

Results:  The Acanthamoeba cysts of T4 and T5 genotypes showed susceptibility to 
VPA. The minimal cysticidal concentration (MCC) of VPA for maximum growth 
inhibition in both single and combination drug assays were 100 and 3 mg/ml, for 
durations of 24 and 4 hours, respectively. The growth inhibition observed in the groups 
exposed to gentamicin and polymyxin differed significantly from the growth 
inhibition in the group treated with ≥100 mg/ml VPA (P< 0.05). 

Conclusion:  VPA enhances the effects of gentamicin and polymyxin on 
Acanthamoeba. Combining a low concentration of VPA (≥3 mg/ml) with 
gentamicin and polymyxin increases the potency and speed of action of these 
antibiotics. 
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Introduction
Unsuccessful treatment of conventional drugs for 

certain infections necessitates the development of new 
alternative drugs or the evaluation of different drug 
classes for effective treatment. Acanthamoebiasis is an 
infection caused by the amoeba "Acanthamoeba" that 
specifically targets the nervous and ocular systems (1). 

The prevalence of this parasite is extensive, as it has 
been detected in water and soil sources across numerous 
regions worldwide (1).  Furthermore, reports indicate the 
contamination of equipment and devices with the parasite 
in various hospital wards (2). Acanthamoeba cysts play a 
pivotal role in the transmission and dissemination of this 
parasite (1).  

The in vitro evaluation of various chemical drugs and 
herbal derivatives has been conducted to assess their anti-
Acanthamoeba effect, and several have shown promising 
results (3-5). 

Regrettably, the therapeutic effectiveness of these drugs 
has not proven to be satisfactory in both in vivo studies 
and clinical applications (3). Additionally, even in 

instances where successful clinical treatment has been 
documented, the duration of treatment has been 
considerably prolonged (3). Consequently, it appears 
inevitable that new chemical drugs or alternative drug 
classes, which are both more effective and safer in the 
clinical treatment of Acanthamoeba infections, must be 
explored (3). 

Gentamicin and polymyxin are commonly utilized as 
topical treatments for acanthamoeba eye infections (6, 7). 
However, in vitro, evaluations of the cysticidal efficacy of 
these drugs have revealed that while they inhibit the 
growth of cysts, they have not demonstrated complete 
effectiveness in treating Acanthamoeba keratitis (3, 6, 7). 

Valproic sodium or valproate (VPA) is extensively 
prescribed for the treatment of generalized or partial 
seizures (8). It has been well-documented that this drug 
possesses antimicrobial activity (9). One mechanism 
involved in regulating various biological processes, 
including proliferation in eukaryotes, is histone 
deacetylases. This mechanism plays a crucial role in 
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modulating chromatin remodeling through complex 
processes (10). The potential of VPA as an inhibitor of 
histone deacetylase 1 in Plasmodium falciparum has been 
elucidated (10). Furthermore, the antiproliferative and 
antiencystation effects of histone deacetylase on 
Acanthamoeba have been confirmed (11).  

Therefore, this study aimed to assess the cysticidal 
efficacy of valproate against two pathogenic strains of 
Acanthamoeba (Iran isolates). Additionally, the study 
investigated the effects of combining VPA with 
antibiotics. Hence, the anti-Acanthamoeba effect of VPA 
was compared to that of gentamicin and polymyxin, 
which served as reference drugs in this study.  

 

Materials and Methods 
This experimental study was approved by the Ethics 

Committee of Arak University of Medical Sciences with 
the reference number IR.ARAKMU.REC.1400.147. 

Preparation of parasite 

Two strains of Acanthamoeba, namely MG066681 (T4 
genotype) and MG298789 (T5 genotype), obtained from 
the parasitology laboratory at Arak University of Medical 
Sciences, were utilized in this study (12).  

The isolates were cultured on non-nutrient agar plates 
(NNA) coated with killed E. coli at a temperature of 28℃. 
Cysts were harvested from the culture medium and 
washed thrice with phosphate-buffered saline (PBS). The 
viable and nonviable cysts were then counted using trypan 
blue staining (unstained cysts indicating viability, stained 
cysts indicating nonviability) and a hemocytometer. A 
parasitic suspension with at least 90% viable cysts was 
prepared for the study. Finally, the cyst concentration in 
the parasitic suspension was standardized using a 
hemocytometer (2×105 cysts). 

Drugs 

Three therapeutic drugs were tested individually: 
gentamicin (3 mg/ml) (Sina Darou, Tehran, Iran), 
polymyxin B (10000 U/ml) (Sina Darou, Tehran, Iran), 
and Valproate sodium (VPA, with concentrations of 3, 50, 
100, and 200 mg/mL) (Darou Pakhsh Pharma Chem. Co., 
Tehran, Iran). Additionally, three combination therapies 
were tested: gentamicin in combination with 3, 50, 100, 
and 200 mg/mL VPA and polymyxin in combination with 
3, 50, 100, and 200 mg/mL VPA. Phosphate buffer 
solution (PBS) was used as the control (untreated).  

Experiments 

200 µL of the parasitic suspension containing two 
Acanthamoeba strains was mixed with 200 µL of PBS, 
gentamicin, polymyxin, and four different concentrations 
of VPA (final concentrations of VPA: 3, 50, 100, and 200 
mg/ml) in sterile microtubes. The mixture was then 
incubated for 1, 4, 6, and 24 hours at 37℃. After each 
exposure period, the cysts were washed three times with 
PBS to eliminate any remaining drugs. The same 

procedure was followed for the combination therapy 
drugs. 

The washed cysts were resuspended in 100 µL of PBS. 
A portion of each experiment was allocated for the cyst 
viability assay, while the remaining portion was used to 
investigate viable and nonviable cysts and calculate the 
percentage of eliminated cysts (or percent growth 
inhibition) using the Trypan blue exclusion assay (5, 13). 
Each strain was subjected to six repetitions of the 
experiments. 

Cyst viability assay  

Cyst viability was assessed using the following 
procedure. Thirty (30) µL of the drug-exposed cyst 
suspension (obtained from the previous step after being 
washed three times with PBS) was transferred to NNA 
medium plates coated with killed E. coli and incubated at 
28℃. These plates were observed daily under a 
microscope for a duration of one month.  

Calculation of percent of growth inhibition (or % 
eliminated cysts) 

In summary, the cyst suspension was mixed with trypan 
blue at a 1:1 ratio. The resulting mixture was loaded into 
a hemocytometer, and the number of viable and nonviable 
cysts were counted under a light microscope. The 
calculation was carried out using the following method 
(13).   

% viable cysts = Total number of viable cysts per ml/ 
Total number of cysts per ml × 100 

% growth inhibition (or % eliminated cyst) = 100 - % 
viable cysts 

Data analysis 

The data analysis was conducted using SPSS software 
(version 23, SPSS/PC Inc., Chicago, IL, USA) and Excel 
(2016). The results were presented as mean ± SD and as 
percentages of eliminated cysts (or percent growth 
inhibition). Differences between the groups were 
analyzed using the Two-way ANOVA test. Statistical 
significance was defined as P < 0.05.  
 

Results  
The effects of gentamicin and polymyxin on 

Acanthamoeba cysts were compared to the effects of 
different concentrations of VPA on two genotypes of 
Acanthamoeba cysts (Table 1 & Figure 1). The results 
demonstrated that the percentage of growth inhibition in 
both genotypes of the parasite increased with longer 
exposure times and higher drug concentrations of VPA. 
Cysts of both Acanthamoeba genotypes were completely 
eliminated at concentrations of 100 and 200 mg/ml VPA, 
with respective durations of 24 and 6 hours for complete 
eradication. Furthermore, there was no significant 
difference in the effect of VPA on the two 
Acanthamoeba genotypes (P > 0.05). Statistical analysis 
revealed that the percentage of growth inhibition in all 
groups treated with gentamicin, polymyxin, and 
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different concentrations of VPA (except the group 
exposed to 3 mg/ml VPA) significantly differed from the 
growth inhibition observed in the untreated control 
(PBS) (P < 0.0001). Additionally, the growth inhibition 
between the groups exposed to gentamicin and 
polymyxin significantly differed from the growth 
inhibition in the group exposed to ≥ 100 mg/ml VPA (P 
< 0.05) (Figure 1: A & C).  

The results of this study also demonstrated that the 
combination of VPA with gentamicin and polymyxin 

increased the effectiveness of VPA. Specifically, the 
concentration of 3 mg/ml VPA, when used in 
combination with each of the two mentioned drugs, 
completely eradicated cysts of both genotypes of the 
parasite within 4 hours. Statistical analysis revealed that 
the viability rate of this parasite in all groups treated with 
combinations of drugs significantly differed from the 
viability rate of the parasite in the untreated control 
(PBS) (P < 0.05) (Figure 1: B & D).  

 

 

Table 1. Growth inhibition percent of Acanthamoeba (or Eliminated cysts) treated with Gentamicin, Polymyxin and 
different concentration of VPA 

Acanthamoeba 
genotype 

Exposure 
time (h) 

Percentage of growth inhibition (%) 

PBS 
(control) Gentamicin Polymyxin 

VPA 
3 

mg/ml 

VPA 
50 

mg/ml 

VPA 
100 

mg/ml 

VPA 
200 

mg/ml 

 

 

T4 

 

1 1.8 53.5 34.3 2.83 52.8 86.3 91.3 

4 1.8 86.7 55.2 2.83 80.0 92.8 97.3 

6 2 98.8 86.7 3.83 92.3 99.3 100 

24 2 100 100 4.7 99.3 100 100 

T5 

1 1.8 53.3 34 2.7 52.8 86.3 91.3 

4 2 86.7 54.7 2.7 80.7 92.8 97.8 

6 2 98.8 89.7 3.5 92.3 99.2 100 

24 3 100 100 4.7 99.3 100 100 
 

 

 
Figure 1. Effects of single and combination drugs on the percentage of growth inhibition (or eliminated cysts) of 

Acanthamoeba cysts. A & B: T4 genotype of Acanthamoeba treated with single and combination drugs, respectively. C & 
D: T5 genotype of Acanthamoeba treated with single and combination drugs, respectively. 
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In the present study, treated cysts from all groups 
were transferred to NNA medium for cyst viability 
assay. This assay validated the findings of the 
percentage of growth inhibition. Cysts of T4 and T5 
genotypes lost their reproductive ability after 24 hours 
of exposure to single drugs and did not exhibit growth 
or multiplication in the NNA culture medium.   

Furthermore, the findings of this study indicated that 
the Minimal Cysticidal Concentration (MCC) of VPA 
as a single drug was 100 mg/ml, resulting in the 

complete eradication of all cysts of T4 and T5 
genotypes after 24 hours (Table 1). The MCC values 
for the combination drugs were as follows: the MCC of 
VPA in combination with gentamicin and polymyxin 
was 3 mg/ml, leading to the complete elimination of all 
cysts of T4 and T5 genotypes within 4 hours (Table 2). 

The morphological changes observed after a 24-hour 
incubation of cysts with each drug are presented in 
Figure 2. 

 

Table 2. Growth inhibition percent of Acanthamoeba (or Eliminated cysts) treated with Gentamicin and Polymyxin plus 
different concentrations of VPA 

Acanthamoe
ba genotype 

Exposu
re time 

(h) 

Percentage of growth inhibition (%) 

PBS 
(contro

l) 

Gentamic
in +VPA 
(3 mg/ml) 

Gentamic
in + VPA 

(50 
mg/ml) 

Gentamic
in + VPA 

(100 
mg/ml) 

Polymyx
in + 

VPA (3 
mg/ml) 

Polymyx
in + 

VPA (50 
mg/ml) 

Polymyx
in + 
VPA 
(100 

mg/ml) 

 

 

T4 

 

1 1.8 62.5 64.5 87.3 45.3 100 100 

4 1.8 100 100 100 100 100 100 

6 2 100 100 100 100 100 100 

24 2 100 100 100 100 100 100 

T5 

1 1.8 61.8 64.7 86.9 45.2 100 100 

4 2 100 100 100 100 100 100 

6 2 100 100 100 100 100 100 

24 3 100 100 100 100 100 100 
 

 
Figure 2. Effect of each drug on Acanthamoeba cysts of 

two genotypes after 24 hours of exposure time, observed 
under light microscopy (×40). A & B: Untreated cysts, C 
& D: Treated with Gentamicin, E & F: Treated with 
Polymyxin, G & H: Treated with 3 mg/ml VPA 

 

Discussion  
In this study, we assessed the efficacy of VPA, either 

alone or in combination with gentamicin and 
polymyxin, against Acanthamoeba. Currently, two 
recent medications are commonly used as anti-
Acanthamoeba drugs in clinical cases. Our results 
confirm the cysticidal effect of different concentrations 
of VPA, regardless of whether it was used as a single 
drug or in combination. However, when used as a 
single drug, complete parasite mortality was observed 
only at high concentrations (≥ 100 mg/ml) of VPA. On 
the other hand, when combined with gentamicin and 
polymyxin, complete parasite mortality was achieved 
at a much lower concentration of VPA (3 mg/ml) 
(Tables 1 and 2). Importantly, the effectiveness of 
VPA, either alone or in combination, was not 
influenced by the genotype of the parasite. 

The ineffectiveness of traditional drugs in treating 
infections caused by this parasite has prompted the 
investigation of the anti-Acanthamoeba activity of 
various chemicals, herbal compounds, and even non-
specific drugs (3, 4).  

This approach may unveil a novel application for 
such drugs, which could potentially be safer and more 
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effective than the conventional anti-Acanthamoeba 
medications. 

Acanthamoeba, known for causing severe infections, 
poses a challenge in treatment due to its resistance to 
numerous drugs, primarily due to its cystic stage (14). 
Therefore, it is crucial to assess the cysticidal effect of 
various therapeutic drugs in vitro as a prerequisite for 
conducting subsequent in vivo therapeutic studies on 
acanthamoebiasis, particularly Acanthamoeba keratitis 
(15).  

Currently, drug therapy serves as the foundation for 
the medical management of Acanthamoebiasis, with a 
particular focus on employing combination strategies 
to harness the synergistic effects of drugs (3). 

VPA, a fatty acid, was synthesized approximately 
140 years ago. However, its application as an 
anticonvulsant drug started around 55 years ago in 
various countries (16, 17). Over the past two decades, 
extensive research has been conducted on the anti-
cancer and antimicrobial properties of VPA, including 
its effectiveness against bacterial and fungal infections, 
and these findings have been validated (8, 9, 18, 19).  

Research has also been conducted on the 
antiparasitic properties of VPA. Fond et al. (2014) 
conducted a study comparing the in vitro anti-
toxoplasmic effects of various drugs, including VPA. 
However, the findings indicated that valproate did not 
demonstrate any inhibitory effect on the growth of 
Toxoplasma (20).   

Elbadawi et al. (2015) conducted a study that 
examined and confirmed the potential of VPA as an 
inhibitor of histone deacetylase 1 in Plasmodium 
falciparum using an in silico approach (10).  

Following the confirmation of the antiparasitic 
potential of VPA in previous studies, the results of the 
present study also confirmed its anti-Acanthamoeba 
activity in vitro. The minimum concentration of VPA 
used in this study was 3 mg/ml, which was determined 
based on the results of a pilot study. The following are 
the noteworthy results of this study. 

Application of VPA as a single drug at a 
concentration of ≥ 50 mg/ml significantly inhibits the 
growth of Acanthamoeba, resulting in complete cyst 
death after 24 hours of exposure. Lower concentrations 
of VPA within the same time frame do not have a 
significant effect on inhibiting the growth of 
Acanthamoeba. A comparison of the growth inhibition 
of Acanthamoeba in a single-drug assay using equal 
concentrations of gentamicin, polymyxin, and VPA 
demonstrates that gentamicin exhibits higher growth 
inhibition activity (Table 1). Both gentamicin and 
polymyxin exhibit maximum growth inhibition rates 
(100%) after 24 hours, whereas VPA shows a growth 
inhibition rate of 4.7% at the same concentration and 
exposure time. Previous studies have assessed the 
minimal cysticidal concentration (MCC) of gentamicin 
for Acanthamoeba. For instance, an in vitro study 

reported that a concentration of 3 mg/ml of gentamicin 
completely inhibited the growth of Acanthamoeba and 
eliminated cysts within one hour (6). In contrast, the 
results of the current study, conducted under similar 
conditions (parasite genotype and drug concentration), 
showed a much lower rate of growth inhibition. 
Specifically, complete growth inhibition of the parasite 
was observed after 24 hours in the present study (Table 
1 and Fig. 1). Summarizing previous studies; it has 
been found that concentrations ranging from 0.03 to 20 
mg/ml of gentamicin are effective against various 
genotypes and strains of Acanthamoeba at 
temperatures of 30 and 37 °C for durations ranging 
from 1 to 48 hours (6, 7, 21, 22).  

Exploring the underlying reasons for these 
differences is a topic worthy of consideration, and it is 
possible that they are associated with the 
physicochemical characteristics of the drug. 

In a study, the cysticidal effect of natamycin (a 
commonly used drug for keratitis) was compared with 
extracts from green and black tea. The findings 
confirmed that the tea extracts exhibited a faster and 
more pronounced effect compared to natamycin. 
Moreover, the mortality rate of Acanthamoeba when 
exposed to various concentrations of tea extracts (both 
black and green) reached 30% within 24 hours (23).  

However, comparing these results with the findings 
of the current study confirms that the effect of tea 
extracts is inferior to that of VPA. 

The Azoles, including imidazole and triazole, exhibit 
anti-Acanthamoeba activity (24).  

This drug class demonstrates cysticidal effects on 
Acanthamoeba at various concentrations. However, the 
impact of azoles on Acanthamoeba is comparatively 
slower and less pronounced when compared to VPA. 

The findings of a recent study have corroborated the 
synergistic anti-Acanthamoeba effect of chlorhexidine 
and Garcinia mangostana extract on Acanthamoeba 
cysts (25).  

In this study, the maximum growth inhibition of 
Acanthamoeba cysts was observed at 72 hours, which 
is slower compared to the effect of valproate in the 
current study. However, the drug concentration used in 
this study was lower than the concentration of 
valproate. 

Due to the water solubility of VPA, it is convenient 
to investigate its synergistic effects or perform 
combination drug assays with other drugs (26).   

In this study, combination drug assays of VPA with 
gentamicin or polymyxin were conducted. The results 
demonstrated that the combination of 3 mg/ml VPA 
with gentamicin or polymyxin enhanced their effects. 
The growth inhibition of Acanthamoeba cysts 
significantly increased within the first hour of exposure 
and reached its maximum (100%) by the fourth hour. 
For instance, when comparing the growth inhibition of 
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parasites in single-drug assays (gentamicin) and 
combination-drug assays (gentamicin with VPA), the 
growth inhibition of Acanthamoeba increased from 
53.5% to 62.5% (Tables 1 and 2). Similar results were 
observed for polymyxin. Therefore, VPA appears to 
accelerate the effects of gentamicin and polymyxin on 
Acanthamoeba. 

Given the confirmed use of VPA in humans, there is 
potential to develop new combination therapies for the 
treatment of Acanthamoeba keratitis in humans 
through further in vitro and in vivo studies. 
Additionally, exploring the use of injectable forms of 
VPA for the treatment of Acanthamoeba encephalitis 
could be considered. Considering VPA's role as a 
histone deacetylase inhibitor, its effect on 
Acanthamoeba may be dependent on this mechanism. 
Therefore, more research can be conducted in this area. 
Furthermore, investigating the anti-Acanthamoeba 
effect of VPA-like compounds and re-evaluating its 
efficacy through structural modifications of VPA is 
suggested.  

 

Conclusion 
This study confirms that VPA has anti-

Acanthamoeba potential. Also, based on the results of 
this study, it seems that a low concentration of VPA 
(≥3 mg/ml) in combination with gentamicin and 
polymyxin increases the potency and speed of action of 
these antibiotics. It should be noted that high 
concentrations of VPA (≥ 100 mg/ml) as a single drug 
can lead to the complete death of Acanthamoeba. To 
date, no study has been reported on the anti-
acanthamoeba activity of VPA, and more research is 
needed to achieve more accurate and reliable results. 

 

Acknowledgments 
This manuscript is based on the results of a research 

project (IR.ARAKMU.REC.1400.147). The authors 
would like to express their gratitude to Fatemeh Rafiei 
for assisting with data analysis. 

 

Funding 
Arak University of Medical Sciences funded this 

study. 
 

Conflict of Interest 
The authors declare no conflict of interest. 

 

Authors’ Contribution 
Study concept and design, Reza Rahimi and Zahra 

Eslamirad; Parasite preparation, Reza Hajihossein; 
Performing the experiments, Zahra Eslamirad and 
Reza Hajihossein; Data analysis, Reza Rahimi; 
Drafting of the manuscript, Zahra Eslamirad and Reza 

Rahimi and Reza Hajihossein; Revising the 
manuscript, Zahra Eslamirad. 
 

References 
1. Siddiqui R, Khan NA. Biology and pathogenesis of 

Acanthamoeba. Parasit Vectors. 2012;5(1):6.  
[DOI:10.1186/1756-3305-5-6] 

2. Lasjerdi Z, Niyyati M, Lorenzo-Morales J, 
Haghighi A, Taghipour N. Ophthalmology hospital 
wards contamination to pathogenic free living 
Amoebae in Iran. Acta Parasitol. 2015;60(3):417-
22. [DOI:10.1515/ap-2015-0057] [PMID] 

3. Elsheikha HM, Siddiqui R, Khan NA. Drug 
discovery against Acanthamoeba infections: 
Present knowledge and unmet needs. Pathogens. 
2020;9(5):405. [DOI:10.3390/pathogens9050405] 
[PMID] [PMCID] 

4. Wei C, Yeng C, Mahboob T, et al. Natural products: 
Alternative therapeutic compounds against 
Acanthamoeba spp. Asian J Phamacogn. 2020;3(2): 
29-38. 

5. Mitsuwan W, Sin C, Keo S, et al. Potential anti-
Acanthamoeba and anti-adhesion activities of 
Annona muricata and Combretum trifoliatum 
extracts and their synergistic effects in combination 
with chlorhexidine against Acanthamoeba 
triangularis trophozoites and cysts. Heliyon. 2021; 
7(5):e06976. [PMID] [PMCID]  
[DOI:10.1016/j.heliyon.2021.e06976]  

6. Thongseesuksai T, Wongwai P, Boonmars T, 
Sanpool O, Laummaunwai P. Evaluating the in 
vitro efficacy of gatifloxacin, levofloxacin and 
gentamicin against Acanthamoeba cysts. Int 
Ophthalmol. 2020;40(2):361-8.  
[DOI:10.1007/s10792-019-01188-4] [PMID] 

7. Siddiqui R, Aqeel Y, Khan NA. The development 
of drugs against Acanthamoeba infections. 
Antimicrob Agents Chemother. 2016;60(11):6441-
50. [DOI:10.1128/AAC.00686-16] [PMID]  
[PMCID] 

8. Poolchanuan P, Unagul P, Thongnest S, et al. An 
anticonvulsive drug, valproic acid (valproate), has 
effects on the biosynthesis of fatty acids and 
polyketides in microorganisms. Sci Rep. 2020; 
10(1):9300. [DOI:10.1038/s41598-020-66251-y] 
[PMID] [PMCID] 

9. Esiobu N, Hoosein N. An assessment of the in vitro 
antimicrobial effects of two antiepileptic drugs--
sodium valproate and phenytoin. Antonie van 
Leeuwenhoek. 2003;83(1):63-8.  
[DOI:10.1023/A:1022992224594] [PMID] 

10. Elbadawi MAA, Awadalla MKA, Hamid MMA, 
Mohamed MA, Awad TA. Valproic acid as a 
potential inhibitor of Plasmodium falciparum 
histone deacetylase 1 (PfHDAC1): an in silico 

https://doi.org/10.1186/1756-3305-5-6
https://doi.org/10.1515/ap-2015-0057
https://www.ncbi.nlm.nih.gov/pubmed/26204177
https://doi.org/10.3390/pathogens9050405
https://www.ncbi.nlm.nih.gov/pubmed/32456110
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7281112
https://www.ncbi.nlm.nih.gov/pubmed/34027178
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8131895
https://doi.org/10.1016/j.heliyon.2021.e06976
https://doi.org/10.1007/s10792-019-01188-4
https://www.ncbi.nlm.nih.gov/pubmed/31587129
https://doi.org/10.1128/AAC.00686-16
https://www.ncbi.nlm.nih.gov/pubmed/27600042
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5075048
https://doi.org/10.1038/s41598-020-66251-y
https://www.ncbi.nlm.nih.gov/pubmed/32518288
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7283484
https://doi.org/10.1023/A:1022992224594
https://www.ncbi.nlm.nih.gov/pubmed/12755481


Reza Rahimi et al. 463 

      Volume 31, September & October 2023       Journal of Advances in Medical and Biomedical Research 

approach. Int J Mol Sci. 2015;16(2):3915-31.  
[DOI:10.3390/ijms16023915] [PMID] [PMCID] 

11. Chu KB, Lee HA, Pflieger M, et al. 
Antiproliferation and antiencystation effect of class 
II histone deacetylase inhibitors on Acanthamoeba 
castellanii. ACS Infect Dis. 2022;8(2):271-9.  
[DOI:10.1021/acsinfecdis.1c00390] [PMID] 

12. Meighani M, Eslamirad Z, Hajihossein R, Ahmadi 
AS. Isolation and genotyping of Acanthamoeba 
from soil samples in Markazi province, Iran. Open 
Access Maced J Med Sci. 2018;6. [PMID][PMCID] 
[DOI:10.3889/oamjms.2018.454]  

13. Kamiloglu S, Sari G, Ozdal T, Capanoglu E. 
Guidelines for cell viability assays. Food Frontiers. 
2020;1(3):332-49. [DOI:10.1002/fft2.44] 

14. Seal D. Treatment of Acanthamoeba keratitis. 
Expert Rev Anti Infect Ther. 2003;1(2):205-8. 
[DOI:10.1586/14787210.1.2.205] [PMID] 

15. Niederkorn JY. The biology of Acanthamoeba 
keratitis. Exp Eye Res. 2021;202:108365. [PMID] 
[DOI:10.1016/j.exer.2020.108365] [PMCID] 

16. Mishra MK, Kukal S, Paul PR, Bora et al. Insights 
into structural modifications of valproic acid and 
their pharmacological profile. Molecules. 2022; 
27(1):104. [DOI:10.3390/molecules27010104]  
[PMID] [PMCID] 

17. Romoli M, Mazzocchetti P, D'Alonzo R, et al. 
Valproic acid and epilepsy: From molecular 
mechanisms to clinical evidences. Curr 
Neuropharmacol. 2019;17(10):926-46.  
[DOI:10.2174/1570159X17666181227165722] 
[PMID] [PMCID] 

18. Heers H, Stanislaw J, Harrelson J, Lee MW. 
Valproic acid as an adjunctive therapeutic agent for 
the treatment of breast cancer. Eur J pharmacol. 
2018;835:61-74. 
[DOI:10.1016/j.ejphar.2018.07.057] [PMID] 

19. Patel MM, Patel BM. Repurposing of sodium 
valproate in colon cancer associated with diabetes 
mellitus: Role of HDAC inhibition. Eur J Pharm 

Sci. 2018;121:188-99.  
[DOI:10.1016/j.ejps.2018.05.026] [PMID] 

20. Fond G, Macgregor A, Tamouza R, et al. 
Comparative analysis of anti-toxoplasmic activity 
of antipsychotic drugs and valproate. Eur Arch 
Psychiatry Clin Neurosci. 2014;264(2):179-83.  
[DOI:10.1007/s00406-013-0413-4] [PMID] 

21. Abdullah N, Kamel AG, Anisah N, Noraina AR, 
Yusof S. The effectiveness of gentamicin against 
Acanthamoeba cysts in vitro. Malaysian J Med 
Health Sci. 2012;8:51-4. 

22. Abd Ghani MK, Tang S, Nordin A, Hashim P, 
Suboh Y, Rahim N. In vitro susceptibility test for 
Acanthamoeba species isolated from clinical 
specimens against chlorhexidine, propamidine 
isethionate, gentamicin and chloramphenicol. Int 
Med J. 2011;18:147-9. 

23. Hajihossein R, Eslamirad Z, Rafiei F, Naderi G, 
Assadi M. Anti-Acanthamoeba effect of Camellia 
sinensis extract (black and green tea) in vitro. J Med 
Plants. 2020;19(73):163-9.  
[DOI:10.29252/jmp.1.73.163] 

24. Shing B, Balen M, McKerrow JH, Debnath A. 
Acanthamoeba Keratitis: An update on amebicidal 
and cysticidal drug screening methodologies and 
potential treatment with azole drugs. Expert Rev 
Anti Infect Ther. 2021;19(11):1427-41. [PMCID] 
[DOI:10.1080/14787210.2021.1924673] [PMID]  

25. Sangkanu S, Mitsuwan W, Mahabusarakam W, et 
al. Anti-Acanthamoeba synergistic effect of 
chlorhexidine and Garcinia mangostana extract or 
α-mangostin against Acanthamoeba triangularis 
trophozoite and cyst forms. Sci Rep. 2021;11(1):1-
11. [DOI:10.1038/s41598-021-87381-x] [PMID] 
[PMCID] 

26. Alsarra I, Al-Omar M, Belal F. Valproic acid and 
sodium valproate: Comprehensive profile. Profile 
Drug Subst Excip Related Methodol. 2005;32:209-
40. [DOI:10.1016/S0099-5428(05)32008-9]  
[PMID] 

 

 

 

 

 

How to Cite This Article:  

Rahimi R, Hajihossein R, Eslamirad Z. Anti-Acanthamoeba Potential of Valproate Sodium; an In Vitro Study. J 
Adv Med Biomed Res. 2023; 31(138):457-63.  

Download citation:  
BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | RefWorks 
 
Send citation to:  

  Mendeley      Zotero     RefWorks 

 

 

 
 

  

 

https://doi.org/10.3390/ijms16023915
https://www.ncbi.nlm.nih.gov/pubmed/25679451
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346934
https://doi.org/10.1021/acsinfecdis.1c00390
https://www.ncbi.nlm.nih.gov/pubmed/34994538
https://www.ncbi.nlm.nih.gov/pubmed/30607178
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6311493
https://doi.org/10.3889/oamjms.2018.454
https://doi.org/10.1002/fft2.44
https://doi.org/10.1586/14787210.1.2.205
https://www.ncbi.nlm.nih.gov/pubmed/15482114
https://www.ncbi.nlm.nih.gov/pubmed/33221372
https://doi.org/10.1016/j.exer.2020.108365
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7856181
https://doi.org/10.3390/molecules27010104
https://www.ncbi.nlm.nih.gov/pubmed/35011339
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8746633
https://doi.org/10.2174/1570159X17666181227165722
https://www.ncbi.nlm.nih.gov/pubmed/30592252
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7052829
https://doi.org/10.1016/j.ejphar.2018.07.057
https://www.ncbi.nlm.nih.gov/pubmed/30075223
https://doi.org/10.1016/j.ejps.2018.05.026
https://www.ncbi.nlm.nih.gov/pubmed/29852291
https://doi.org/10.1007/s00406-013-0413-4
https://www.ncbi.nlm.nih.gov/pubmed/23771405
https://doi.org/10.29252/jmp.1.73.163
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8551003
https://doi.org/10.1080/14787210.2021.1924673
https://www.ncbi.nlm.nih.gov/pubmed/33929276
https://doi.org/10.1038/s41598-021-87381-x
https://www.ncbi.nlm.nih.gov/pubmed/33850179
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8044166
https://doi.org/10.1016/S0099-5428(05)32008-9
https://www.ncbi.nlm.nih.gov/pubmed/22469088
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5669-2&sid=1&slc_lang=en&type=BibTeX
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5669-2&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5669-2&sid=1&slc_lang=en&type=EndNote
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5669-2&sid=1&slc_lang=en&type=Medlars
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5669-2&sid=1&slc_lang=en&type=ProCite
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5669-2&sid=1&slc_lang=en&type=Reference_Manager
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5669-2&sid=1&slc_lang=en&type=RefWorks
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5669-2&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5669-2&sid=1&slc_lang=en&type=ris
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html

	Anti-Acanthamoeba Potential of Valproate Sodium; an In Vitro Study
	Reza Rahimi1, Reza Hajihossein2, Zahra Eslamirad2*
	1. Dept. of Pharmacology, School of Medicine, Arak University of Medical Sciences, Arak, Iran
	2. Dept. of Parasitology and Mycology, School of Medicine, Arak University of Medical Sciences, Arak, Iran
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgments
	Funding
	References




