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ABSTRACT 
 

Acanthamoeba, a free-living protozoan, is the causative agent of granulomatous amebic 

encephalitis and Acanthamoeba keratitis, which highly associated with contact lens wearers. 
The present study aimed to investigate the antiamoebic effect of Orthosiphon aristatus extracts 

against Acanthamoeba genotype T4 in vitro. The isolated Acanthamoeba from contact lens was 

maintained on 1.5% non-nutrient agar for cystic stage and trophozoite cultured in PYG-medium. 
The ethanolic extracts of O.aristatus leaves were prepared in different concentrations of 125, 

250, and 500 mg/ml.  The viability of the trophozoites and cysts of Acanthamoeba were 

observed after incubation with the plant extracts at 24, 48 and 72h. Chlorhexidine 0.02% was 

used as the positive control. The experiments of trophozoites and cysts were test in triplicate 

for testing the viability by trypan blue vital staining and hemacytometer. The crude leaf extract 

of O.aristatus compounds showed significant growth inhibition effects 100% of trophozoites as 

well as interrupted the encystation activity at the minimum concentrations of 250 µg/ml after 

24 hours. The O.aristatus compounds could not kill the cyst after 72 hours. Further 

investigations are needed to find the effective fractions of Orthosiphon aristatus and the 

mechanisms of effective constituents for development of alternative therapeutics against 

Acanthamoeba infections. It can also be tested in vivo or even against other microorganisms. 
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INTRODUCTION 
 

Contact lens wearers are increasing in number and highly related to infection of cornea 

by free-living amoebae and causing Acanthamoeba keratitis (Lorenzo-Morales et al. , 2013) . 
Acanthamoeba is protozoan microorganism, widely distributed in nature with high adaptive 

capacity to survive in many varieties of environments. (Nacapunchai et al 1999; Salazar-Ardiles 

et al, 2022) .  Acanthamoeba consists of two stages, an active motile stage called “trophozoite” , 

and converts to non- motile stage called “ cyst”  when the environment is inconvenience for 

survival (Marciano-Cabral and Cabral 2003). Some acanthamoebae can exist as both free-living 

and pathogenic parasites (CDC, 2020).Currently, the genus Acanthamoeba have been identified 
by based on the rRNA sequence into 23 genotypes, ranging from T1 to T23 (Putaporntip et al. 
2021) and Acanthamoeba genotype T4 has been reported to be the most causative agent of both 

lethal granulomatous amoebic encephalitis (GAE)  and AK (Niyyati et al.  2016) .  Pathogenic 

strains of Acanthamoeba produces specific adhesive proteins, such as mannose- binding 
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proteins and laminin-binding proteins which can bind to those on the corneal epithelium (Huth 

et al. 2021). 
Treatments of Acanthamoeba keratitis usually used a combination of topical 0. 02% 

chlorhexidine and polymyxin B neomycin, added to ketoconazole 200 mg orally 

(Kosrirukvongs et al, 1999; Hargrave et al, 1999). Recently, there is no agent has been described 

as a single fully effective treatment therefore several herbal medicine have been widely studied 

and found to have anti-Acanthamoeba properties against trophozoites and cysts.  (Derda and 

Hadas, 2014; Lorenzo-Morales et al. 2013; Sifaoui et al. 2014).    
Orthosiphon aristatus (Blume) Miq. (Cat's whiskers) is a traditional folk-herb  (Fakkham 

et al,2018) that has been included in Thai National List of Essential Medicines for using in anti-
nephrolithiasis and anti-urolithiasis or stone removal treatment (National drug information. 
2016).  The reports of therapeutic effects and their biological activities were that of : anticancer 

(Pauzi et al. 2018; Halim et al. 2017; Abdelwahab et al. 2011), antiepilepsy (Kar et al. 2018), anti-
hepatotoxic (Yuniarto et al. 2017), hepatoprotective (Alshawsh,et al. 2011)anti-hypertensive 

(Adnyana et al. 2013), antiarthritic (Tabana et al. 2016), antidiabetic & anti-inflammatory (Wang 

et al, 2022), enhancing memory (George et al. 2015), antioxidant (Manivasagan et al. 2022) and 

antimicrobial (Ho et al. 2010; Ripim et al. 2018). In previous studies, several aspects of the 

phytochemistry of O. aristatus extract were investigated. However, the crude extract of O. 
aristatus leaf have not been examined for their potential anti- Acanthamoeba properties.  

 

OBJECTIVE 

 

This study was aimed to determine the anti-Acanthamoeba activity of Orthosiphon 

aristatus (Blume)  Miq.  (Cat's whiskers) , a medicinal plant.   Effects of crude leaf extract from 

plant were investigated against trophozoite and cyst forms.  
 

MATERIALS AND METHODS 

 

Herbal plant extracts  

The fresh leaf samples of Orthosiphon aristatus (Blume) Miq. were collected from 

Mahasarakam province, Thailand, and sent for identification at the Royal Forest Department, 

Ministry of Agriculture and Cooperatives. The collected leaves were washed, chopped into 

pieces and dried under the hot air condition at 50°C. The dry materials were ground and the 

extraction procedure was maceration method using 95% ethanol at room temperature with 

occasional shaking for two days and drying by rotary evaporator. All dried extracts were stored 

in a freezer at -20°C until use.   
 

Acanthamoeba strain  

 Acanthamoeba spp. T4 genotype were isolated from contact lenses of our previous 

study confirmed by morphology and sequencing. (Nacapunchai et al, 1999; Mahittikorn et al., 
2015) Briefly, trophozoites (Fig. 1a)  were maintained by cultivation in Proteose peptone - yeast 

extract - glucose medium (PYG) at 30°C (Duarte et al., 2013). Trophozoites in exponential 

growth (48-72h) and presenting at least a 95% viability by using trypan blue staining and 

hemacytometer. The cysts (Fig. 1b) were performed by inoculation of trophozoites onto the 1.5% 
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non-nutrient agar (NNA) plates after 1 week.  In order to obtain the parasites for testing by 

harvesting the amoebae from the media and washing 3 times with sterile Page's saline. The final 

concentration of both cysts and trophozoites were adjusted to 2×105 cell/ml for the activity 

assays. 

(a)             (b)  
 

Figure 1  Acanthamoeba trophozoites (a), and cyst (b), on non-nutrient agar (NNA) medium  

as shown by inverted microscopy. Magnification 400x 

 

Antiamoebic activity assay. 
 Fifty microliter (50 μl) of the calibrated cyst/ trophozoite suspension (2×105 cell /ml) was 

inoculated and 100μl of each extract concentration (125, 250, 500 µg/ml) was added to each 

well of the 96-well plate. The plates were incubated at 26 °C for 24, 48, and 72 h. The negative 

control compound was sterile Page’s saline and a positive control one was Chlorhexidine 0.02% 
eye drop. To evaluate the anti-Acanthamoeba effects of extract, different concentrations of the 

O. aristatus (125, 250, 500 µg/ml) were examined at three difference times (24, 48 and 72 h) on 

trophozoites and cysts of Acanthamoeba. Each concentration and experiments were performed 

in triplicate. At the end of each incubation time, the culture plate were observed under 

microscope and then 25 μl of 0.4% trypan blue was used for cell viability in each test.  Those 

trophozoites and cysts that absorb the color are dead, but the living ones are colorless. The 

number of live and dead trophozoites and cysts was counted with a hemocytometer the 

percentage of viable acanthamoeba cells was calculated.             
 

Statistical Analysis 

 The number of trophozoites and cysts was expressed as mean ± standard deviation and 

percent survival. Statistical significance was considered as P < 0.05. A comparison of three or 

more dependent groups was performed using One-way ANOVA and repeated measures tests 

with Statistical software, 

 

RESULTS 

 

 The normal morphological characteristics of the Acanthamoeba trophozoites as 
observed by trypan blue exclusion assay and inverted microscope, such as higher number of 

acanthopodia like spine on the cell surface membrane (Fig. 2a). In contrast, the amoebae treated 
with O. aristatus extracts have lost their strong acanthopodia (Fig. 2b). Those of the cystic stage 

such as triangular shape and soft surface of the cysts were observed in the control (Fig. 1b,2a). 
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It has been found that the cysts treated with of O. aristatus extracts demonstrated forms of 

retraction and shrink cell wall surface (Fig. 2c), compared to the control. 
 

 

 

 

 

 

 

 

 

 

Figure 2.   The viability of Acanthamoeba by trypan blue exclusion assay: (a) two living 

trophozoites and one cyst (arrow), (b) two dead trophozoites and (c) dead cyst. 
 

The results show that the leaf extract of O.  aristratus at the concentration of 250 and 

500 µg/ml killed 100% of trophozoites and cysts from 24 h. The O. aristratus leaf extract of 125 

µg/ml concentration killed 47.1, 54.6 and 69.4% of trophozoites and 43.8, 52.4 and 59.6 %   of 

cysts after 24, 48 and 72h, respectively.  The results show that the extract has a dose- and time-
dependent activity on trophozoites and cysts.  The anti-  Acanthamoeba effect of the ethanolic 

extract was statistically significant compared to the negative control group at a concentration 

of 125 µg/ml after 24, 48, and 72 h (P < 0.05) as shown in Table1.  
 

Table 1. Effects of O. aristratus leaf extract on viability of Acanthamoeba trophozoites 

and cysts. 
 

O. aristatus 

Extract 

Stage of  

Acanthamoeba 

Viable of Acanthamoeba (%)  
after incubation time 

P. value 

24 h 48h 72h  

125 µg/ml Trophozoites 52.83 ±1.39 46.38±1.51 30.65 ±3.99 ∗P∗0.05 

 Cysts 56.29±0.82 47.63±5.30 40.48±2.67 ∗P∗0.05 

250 µg/ml Trophozoites 00.00 00.00 00.00  P>0.05 

 Cysts 36.21±1.92 49.63±4.20 45.48±3.61  P>0.05 

500 µg/ml Trophozoites 00.00 00.00 00.00  P>0.05 

 Cysts 56.29±0.82 47.63±5.30 40.38±2.67  P>0.05 

Negative 

control  
Trophozoites 85.96±4.12 92.33±6.20 100.00 ∗P∗0.05 

 Cysts 100.00 100.00 100.00 ∗P∗0.05 

Positive 

control 
Trophozoites 00.00 00.00 00.00  P>0.05 

 Cysts 00.00 00.00 00.00  P>0.05 

 

Data were expressed as mean±SD,   

Positive control: Positive control group receiving Chlorhexidine 0.02% drop,  

Negative control: Negative control receiving sterile Page’s saline  
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DISCUSSION  

  
Acanthamoeba infections are challenging to treat trophozoites and the difference in 

sensitivity to drugs have been observed but the transformation of the trophozoites into cysts 

make it more difficult for treatment. (Niyyati et al, 2016). Moreover, the challenging to treat is 

mainly due to the strong nature of the two layers of cyst walls. The present study showed that 

ethanolic extracts of O. aristratus are more effective on trophozoites than cysts of 

Acanthamoeba at the tested concentrations. Trophozoites showed strong loss of acanthopodia 

and thorn-like projection pseudopodia, while few cyst demonstrated retraction appearance. The 

O. aristratus leaf extracts showed some activity against cyst wall but could not inhibit the 

activity of acanthamoeba cystic stage which is the main factor against treatment of the parasite.  
This suggests the potential in benefits of the medicinal plants O. aristratus as an option for 

Acanthamoeba infections.  
 

CONCLUSION AND FUTURE WORK. 
 

 It can be concluded that upon treatment with the leaf extract of.  O.  aristratus reduction 

in the number of viable trophozoites and cysts of Acanthamoeba was statistically significant 

with an increase in time and concentration.  Finally, further studies are needed to identify the 

active components of the plants that have the potential toxic effects to be used for the 

production of drugs towards the treatment of Acanthamoeba infections. 
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