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ABSTRACT: Acanthamoeba is a free-living amoebae that is ubiquitously present in various natural environments. In this 

study, several of Aaptamine derivatives (2-5) were synthesized and evaluated for their cytotoxicity effect against 

Acanthamoeba castellanii (IMR isolate). The Acanthamoeba viability was determined using a range of concentration from 0 to 

50 µg/mL for each compound. The treatment was done for 72 hours and Eosin staining was used to determine the cell viability. 

From the result obtained, Aaptamine (1) and its derivatives (2-5) have significant effect toward inhibition growth on 

Acanthamoeba with of 1,4-dibenzylaaptamine (5) was observed as the most potent compound as an anti-amoeba agent. 
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1. INTRODUCTION 
Acanthamoeba is one of the most widely distributed 

protozoa consisting of free-living and pathogenic microbes 

[1-2]. They can be found in soil, dust, water, seawater, 

domestic water tap, swimming pool, sewage and also 

bathroom tap water [3]. Pathogenic protozoa like 

Acanthamoeba can enter our body system through the 

respiratory tract, skin abrasions, contact lenses and surgical 

instruments [4]. In humans, Acanthamoeba is responsible 

for two common diseases such as fatal granulomatous 

amoebic encephalitis (GAE) which occur in human's 

central nervous system and eye keratitis [3, 5-6].  

So far, no chemotherapeutic agent has been described as a 

single effective treatment for Acanthamoeba disease. 

Current treatment consists of a combination of topical 

antimicrobial agents, which can achieve high 

concentrations at the site of infection [7].  

Aaptamine (1), also known as 8,9-dimethoxy-1H-

benzo[de][1,6]naphtyridine, is a natural compound, initially 

isolated from the marine sponge Aaptos aaptos [8]. 

Aaptamine derivatives possess antimicrobial, antifungal, 

and antiretroviral as well as cancer-preventive activity 

[9,10].  
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Figure 1: Structure of Aaptamine (1) 

 

Previously we have reported on the synthesis and 

antibacterial activity of 1,4-dialkyl aaptamine derivatives 

[11,12]. In an effort to explore the possibilities offered by 

these derivatives as a potential anti amoebic agent, the 

aaptamine (1) and its derivatives (2-5) were examined for 

their anti-amoebic properties against Acanthamoeba 

castellanii (IMR isolate). 

 
EXPERIMENTAL DETAILS 
Preparation of Aaptamine Derivatives (compounds 2-5) 

Aaptamine derivatives (compounds 2-5) were synthesised 

by slightly modification of the published method [13] and 

characterized as previously described [11,12] (Scheme 1).  

 

N

N

H3CO

H3CO R

R

K2CO3, DMF

R-X
X-

2: R = CH3, (80%)        
3: R = CH2CH3, (68%)  
4: R = CH2CH2CH3, (61%) 
5: R = Bn (73%)

2-5

NH

N

H3CO

H3CO

Aaptamine (1)

 
Scheme 1: Synthetic route of the preparation of compounds 2-

5 

 

Amoeba Cultivation 

In this study, Acanthamoeba castellanii (IMR isolate) was 

used. This isolate was cultivated in polypeptone-yeast-

glucose (PYG). The amoeba culture was sub-cultured every 

three days and incubated at 30 °C. The process of sub-

culturing is done by placing one drop of amoeba 

suspension from the original culture into a new tube 

containing the PYG medium. This process was conducted 

in an aseptic manner under the laminar flow. 
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Preparation of PYG Medium 

PYG medium for amoeba cultivation was prepared by 

mixing the 3.75 g of protease, 3.75 g of yeast, 7.5 g of D+ 

glucose and 1000 ml of Page Amoeba Solution (PAS) 

solution. The mixture was then autoclaved at 121 °C for 15 

minutes. The media was kept in the refrigerator for further 

use. 

Preparation of Stock Solution 

The stock solution of aaptamine (1) and its derivatives (2-

5) were prepared by dissolving 0.001g of each compound 

in 20µL of dimethyl sulfoxide (DMSO). Then, 980µL of 

PYG media was added to prepare a 1000µL compounds. 

All the stock solution were prepared in separate vile and 

stored in the refrigerator at 4 °C for further use. Each 

compound (1-5) were prepared in a different concentration 

ranging from 1 mg/mL to 0.125 mg/mL by using two-fold 

dilution series for cytotoxicity assay. 

Cytotoxicity Assay 

IC50 Determination 

The term IC50 can be defined as the molar concentration of 

an inhibitory agonist that reduces a response by 50% of the 

maximal inhibition that can be attained [14]. The 

Acanthamoeba were treated by aaptamine (1) and its 

derivatives (2-5) at different concentrations in 24-well 

plates. Hemocytometer was used to calculate the number of 

viable cells for treatment. PYG media with different 

concentration of compounds 1-5 were added into each well 

with four replicates. Two types of control that consist of 

positive and negative controls was used. Positive control 

consists of treatment of amoeba suspension with 4% 

Chlorhexidine while negative control involved the 

treatment of amoeba with media only.  

Calculation for viable cell (hemocytometer): 

Cell counting formula:  
 

C= AV X 2
* 
X 10

4
 

 

Where     C= Concentration of viable cells (cells/mL) 

AV= Average number of viable cells counted in four 

corners 

2*= Dilution factor 

Determination of Amoeba Viability by Using Eosin 

Staining Method 

PYG media in 24–well plates was sucked out before the 

plate is washed with 0.45% sodium chloride, NaCl. The 

plate was left to dry at room temperature before it fixed 

with methanol hydroxide, MeOH and was left to dry for 90 

minutes. Then, 200 µL of 0.5% Eosin solution was added 

to each well to fix for 15 minutes. Next, the plate was 

washed with distilled water twice. 200 µL of 0.1 M sodium 

hydroxide, NaOH was added into each well to separate the 

cells. Lastly, the solution was taken to 96-well plate before 

read the absorbance value by using ELISA reader at 490 

nm and the reference value of 630 nm.  

 

2. RESULTS AND DISCUSSION  
 Synthesis of  Aaptamine Derivatives (2-5) 

Compounds 2-4 were previously prepared by our research 

group, with yields ranging between 61% and 80% [11,12]. 

Compound 5 was synthesized according to the literature 

[13, 15] with slight modification to yield 73% of the 

desired molecule. 

Cytotoxicity Test of Compounds 1-5 on Acanthamoeba 

The cytotoxicity test of aaptamine and its derivatives 

(compound 1-5) as well as the positive control, 

Chlorhexidine on Acanthamoeba was done by treating the 

amoebae at different concentration of the compounds in 24-

well plate for 72 hours at 30 °C. Eosin dye assay was 

carried out to determine the number of viable cells and the 

IC50 value was obtained by plotting a graph concentration 

of compound against the percentage of viable cells using 

Microsoft Excel. Graph of percentage of cell inhibition 

against various concentrations of aaptamine (1) and its 

derivatives (2-5) are shown in Figure 2 (a-f). 

 

 
 
                                                (a) 

 

 
 
                                               (b) 
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                                                  (c) 

 
                                                    (d) 

 
                                               (e) 

 
                                                  (f) 

Figure 2: Percentage of inhibition of Acanthamoeba castellanii 

against concentration of  (a) Aaptamine (1), (b) 1,4-

dimethylaaptamine (2), (c) 1,4-diethylaaptamine (3), (d) 1,4-

dipropilaaptamine (4), (e) 1,4-dibenzylaaptamine (5) and (f) 

Chlorhexidine (positive control) 

the concentration of treatment versus percentage of viable 

cells (Figure 2). The number of viable cells of 

Acanthamoeba decreased as the concentration of the 

compound increased. The IC50 value obtained were 45 

µg/mL for aaptamine (1),  15 µg/mL for 1,4-

dimethylaaptamine (2), 32 µg/mL for 1,4-diethylaaptamine 

(3), 20 µg/mL for 1,4-dipropilaaptamine (4), 8 µg/mL for 

1,4-dibenzylaaptamine (5) and 3 µg/mL for Chlorhexidine. 

The result of this study shows that 1,4-dibenzylaaptamine 

(5) has the greatest impact on Acanthamoeba growth 

compared to other compounds. 

Morphological Changes in Acanthamoeba after IC50 

Treatment of Aaptamine and Its Derivatives 

The IC50 values obtained from the cytotoxicity test were 

used in the treatment to study the morphological changes of 

Acanthamoeba. There were two types of conditions given 

to the amoebae in this study. First, the amoebae were 

placed in a non-stress condition where no compounds were 

exposed to the amoebae which also known as a negative 

control in this study. Second, the amoebae were put in 

stress condition where the compounds, the aaptamine (1) 

and its derivatives (2-5) were exposed in the amoebae 

culture. The negative control of Acanthamoeba was act as a 

reference when the analysis was carried out to observe 

changes in the amoebae morphology when treated with the 

compounds. 

In Figure 3 (a-g), the morphology of Acanthamoeba in 

control compared to the treated with aaptamine (1) and its 

derivatives (2-5) were greatly different in term of size, 

shape and the existence of the acanthapodia. This proved 

that all compounds caused the same effects to the amoebae. 

By using scanning electron microscopy, amoebae in non-

stress condition were observed to display healthy and 

normal cell shape. In the other hand, amoebae in stress 

condition became reduced in size and highly damaged in 

term of the cell membrane and structures like acanthapodia. 

The response of Acanthamoeba to Aaptamine (1) and Its 

Derivatives (2-5) 

Based on the IC50 value used and the results of scanning 

electron microscopy, it can be confirmed that each 

compound has the ability as an anti-amoebic agent. These 

results also support the previous study [16]. In this study, 

1,4-dibenzylaaptamine (5) has the lowest value of IC50 

compared to other which was only 8 µg/mL to inhibit about 

50% of amoebae growth. This indicates that this compound 

has the greatest anti-amoebic effect towards Acanthamoeba 

because in lower and small concentration, this compound 

was able to damage the amoebae structure as can be seen in 

Figure 3 (f).  

 

  



312 ISSN 1013-5316;CODEN: SINTE 8 Sci.Int.(Lahore),30(2),309-313, 2016 

March-April 

 

 

 
 

(a)                            (b) 

 

 
 

                     (c)                                             (d) 
 

 

                   (e)                                            (f) 

 

 
  

  

 

 

 

 

 

 

                                 (g) 
 

Figure 3: Trophozoite of Acanthamoeba under scanning 

electron microscopy (a) in control at 0 mg/mL concentration, 

(b) after treatment with 45 µg/mL aaptamine (1), (c) after 

treatment with 15 µg/mL 1,4-dimetylaaptamine (2), (d) after 

treatment with 32 µg/mL 1,4-diethylaaptamine (3), (e) after 

treatment with 20 µg/mL 1,4-dipropilaaptamine (4), (f) after 

treatment with 8 µg/mL 1,4-dibenzylaaptamine (5) and (g) 

after treatment with 3 µg/mL Chlorhexidine (positive control).  

 

3. CONCLUSIONS 

The result obtained from the cytotoxicity assay of 

aaptamine (1) and its derivatives (2-5) on Acanthamoeba 

castellanii (IMR isolate) shows that all compounds have 

growth inhibition ability at different concentration. Based 

on the IC50 value obtained, 1,4-dibenzylaaptamine (5) 

shows the strongest inhibitory effect compared to other 

compounds. 

The effect of Acanthamoeba of the treatment of all 

compounds has been shown clearly on morphology images 

by scanning electron microscopy where the treated 

Acanthamoeba shows difference in morphology compared 

to control in terms of size, shape and particular structure. 

The images furthermore enhance the IC50 result by giving 

prove that can be seen clearly to show the anti-amoebic 

effect of aaptamine and its derivatives towards this 

pathogenic amoebae.  

 

5.  REFERENCES 

[1]  Wua, D., Qiaoa, K., Fenga, M., Fua, Y., Caia, J., 

Denga, Y., Tachibanab, H. & Chenga, X. “Apoptosis 

of Acanthamoeba castellanii Trophozoites Induced by 

Oleic Acid”. Journal of Eukaryotic Microbiology, 

0:1–9 (2017). 

 [2]   Mohamed Kamel, A.G., Faridah, H., Yusof, S., 

Norazah, A. & Nakisah, M.A. “Case of non-contact 

lens related Acanthamoeba keratitis in Malaysia”. 

Malaysian Journal of Microbiology, 1(2): 58-60 

(2005). 
[3]   Anisah, N., Amal, H., Kamel., A.G., Yusof, S., 

Noraina, A.R. & Norhayati, M. “Isolation of 

Acanthamoeba sp. from conjuctival sac of healthy 

individuals using swab” Tropical Biomedicine, 22(1): 

11-14 (2005). 
[4]  Khan, N.A. “Pathogenesis of Acanthamoeba 

infections” Microbials Pathogenesis, 34: 277-285 

(2006). 
[5]  Kamel, A.G.M. and Norazah, A. “First case of 

Acanthamoeba keratitis in Malaysia” Transactions 

of the Royal Society of Tropical Medicine & Hygiene, 

89: 652. (1995). 
[6]   Sissons, J., Alsam, S., Jayasekera, S., Kim, K.S., 

Stins, M. & Khan, N.A. “Acanthamoeba induces cell-

cycle arrest in host cells” Journal of Medical 

Microbiology, 53: 711–717 (2004). 

[7]  Morales, J.L., Khan, N.A. & Walochnik, J. “An 

update on Acanthamoeba keratitis: diagnosis, 

pathogenesis and treatment”. Parasite, 22:10 (2015). 

[8]    Nakamura, H., Kobayashi, J. & Ohizumi, Y. 

“Isolation and structure of aaptamine a novel 

heteroaromatic substance possessing α-blocking 

activity from the sea sponge Aaptos aaptos”. 

Tetrahedron Letters, 23: 5555-5558 (1982). 

[9]  Abad, M.J., Bedoya, L.M. & Bermejo P. “Marine 

compounds and their antimicrobial activities. Science 

Against Microbial Pathogens” Communicating 

Current Research and Technological Advances, 1293-

1306 (2011). 

[10]  Dyshlovoy, S., Naeth, I., Venz, S., Preukschas, M., 

Sievert, H., Jacobsen, C., K. Shubina, L.,  Salazar, 

M.G., Scharf, C., Walther, R., Krepstakies, M., 

Priyadarshini, P., Hauber, J., N. Fedorov, S., 

Bokemeyer, C., A. Stonik, V., Balabanov, S. & 

Honecker, F. “Proteomic profiling of germ cell cancer 

cells treated with aaptamine, a marine alkaloid with 

antiproliferative activity” Journal of Proteome 

Research, 11: 2316−2330 (2012). 



Sci.Int.(Lahore),30(2),309-313 2018 ISSN 1013-5316;CODEN: SINTE 8 313 

March-April 

[11] Fatin Nur Ain Abdul Rashid, Asnuzilawati Asari, 

Habsah Mohamad & Siti Mariam Mohd Nor. 

“Synthesis and Antibacterial Study of Aaptamine 

Derivatives”. Asian Journal of Chemistry. 26 (20): 

6903-6907 (2014). 

[12]  Muhamad Fadzli Abd Razak, Asnuzilawati Asari, 

Ahmad Sazali Hamzah, Siti Nor Khadijah Addis & 

Habsah Mohamad. “Synthesis, Characterization and 

Antibacterial Activity of Hystatin 2 Derivatives” J. 

Chem. Pharm. Res., 7(4): 830-837 (2015). 

[13] Pettit, G.K., Hofmann, H., Herald, D.L., Nulty, J.M., 

Murphy, J.M., Murphy, A., Higgs, K.C., Hamel, E., 

Lewin, N.E., Pearce, L.V., Blumberg, P.M., Pettit, 

R.K. & Knight, J.C. “Antineoplastic Agents 491. 

Synthetic Conversion of Aaptamine to Isoaaptamine, 

9-Demethylaaptamine, and 4-methylaaptamine” 

Journal Organization Chemistry. 69:2251-2258 

(2004). 

[14] Neubig, R.R, Spedding, M., Kenakin, T. & 

Christopolous, A. “International union of 

pharmacology committee on receptor nomenclature 

and drug classification. xxxviii. update on terms and 

symbols in quantitative pharmacology” Pharmacology 

Review, 55(4): 597-606 (2003). 

[15]  Pettit, G.R, Hoffmann, H., Herald, D.L., Blumberg, 

P.M., Hamel, E., Schmidt, J.M., Chang, Y., Pettit, 

R.K., Lewin, N.E. & Pearce, L.V. “Antineoplastic 

agents. 499. Synthesis of hystatin 2 and related 1H-

benzode]1,6]-naphthyridinium salts from aaptamine” 

Journal of Medicinal Chemistry. 47(7): 1775-82 

(2004). 

[16] Belarbi, E.H., Go´mez, A.C., Chisti, Y.,Camacho F.G. 

& Grima, E.M. “Producing drugs from marine 

sponges” Biotechnology Advances, 585-598 (2003). 

 

 
                                                           

For correspondence; Tel. + (60) 96683298, E-mail: asnu@umt.edu.my 

 


