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INTRODUCTION

Acanthamoeba is an opportunistic protozoan pathogen dis-
tributed at the environment and can cause granulomatous en-
cephalitis and keratitis [1]. The recent increased incidence in 
Acanthamoeba infection is due to acquired immune deficiency 
syndrome, while that for keratitis is due to the increased use of 
contact lenses [2]. The precise mechanism of Acanthamoeba 
keratitis associated with contact lenses is not fully understood, 
but the use of ineffective lens disinfection systems, homemade 
saline, tap water, and contamination of lens storage cases have 
been cited as important risk factors for the disease [3-6].  

Cleaning and disinfection of contact lenses are essential to 
avoid lens related infection of the cornea. Contact lens disin-
fection solutions have an important role in safe contact lens 
wears. The most popular lens disinfecting products are multi-
purpose disinfecting solution (MPDS), which are designed for 

cleaning, disinfecting, rinsing, and storing contact lenses using 
a single formulation [7,8]. Most of these solutions contain 
polyhexamethylene biguanide (PHMB) or polyquad (poly-
quaternium-1) [8,9]. Santodomingo-rubido et al. [8] reported 
that 6 commercially available MPDS showed significantly 
higher disinfection capabilities against bacterial species. The 
susceptibility of Acanthamoeba to contact lens disinfecting so-
lutions was variable depending on the stage of the organism 
(trophozoite or cyst), type and dilution of disinfecting solu-
tion, and length of exposure time [10]. Most commercially 
available MPDS are ineffective against Acanthamoeba, especially 
the cyst of Acanthamoeba [10,11]. Resistance to biocides during 
encystation of Acanthamoeba has been observed [12].

In addition, these disinfecting agents in MPDS are associat-
ed with cytotoxic effects. MPDS induced varying levels of irre-
versible tissue sensitivity reactions [9]. Several MPDS showed a 
progressive dose-dependent increase in cytotoxicity for higher 
concentrations [8]. This suggests that the formulations of 
MPDS need to assess the amoebicidal effects and cytotoxicity, 
and balance amoebicidal effectiveness with low cytotoxicity. 

For foreign made MPDS, several in vitro studies have inves-
tigated the amoebicidal effects and cytotoxicity on human 
cells; however, those of MPDS made in Korea have not yet 
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been reported. The aim of this study was to determine and 
compare the amoebicidal effects and cytotoxicity on human 
corneal epithelium cells of 15 kinds of Korean MPDS.

MATERIALS AND METHODS

Amoeba cultivation and encystation 
Acanthamoeba castellanii Castellani was obtained from the 

American Type Culture Collection (ATCC 30011) (Rockville, 
Maryland, USA). A. castellanii trophozoites were axenically cul-
tured in PYG medium (0.75% proteose peptone, 0.75% yeast 
extract, and 1.5% glucose) at 25˚C incubator. A. castellanii en-
cystation was induced in an encystation media (0.1 M KCl, 
0.008 M MgSO4, 0.0004 M CaCl2, and 0.02 M 2-amino-2-meth-
yl-1,3-propanediol pH 9.0) for 3 days [13]. Mature cysts were 
counted under a light microscope after treating them with 0.5% 
SDS, and encystation ratios were calculated [14].

Determination of amoebicidal activity 
All tested MPDS made in Korea and their respective contents 

are listed in Table 1. All MPDS were taken from their original 
wrappings and were used before their stated expiry date. Amoe-

bicidal activity of MPDS was determined using a most proba-
ble number (MPN) technique for amoebic enumeration [15]. 
Trophozoites or cysts were exposed to 15 MPDS and a control 
solution (0.9% PAS). Aliquots (0.1 ml) of trophozoite or cyst 
culture were added to 9.9 ml of each MPDS and control in ster-
ile glass bottles to give initial concentrations of 104 trophozo-
ites or cysts/ml. All bottles were incubated in a 25˚C incubator 
at predefined intervals (0, 4, 8, and 24 hr), and 1 ml aliquots 
from each MPDS and the control solution were placed in 9 ml 
of Dey Engley (DE) broth for disinfectant neutralization. These 
were sealed and incubated at 25˚C for 15 min. Seventeen 1-ml 
aliquots of the one in 10 dilution prepared in DE broth were 
inoculated onto agar plates covered with heat-killed bacteria. 
The 6-well tissue culture plates were used for the 1-ml aliquots, 
and the wells of 12-well plates were used for the 0.1- and 0.01-
ml aliquots. All plates were sealed and incubated at 25˚C. The 
plates were examined for the presence of viable trophozoites 
after 3 and 7 days of incubation. Each MPDS was tested in trip-
licate against trophozoites and cysts.

Cytopathic effects on human corneal cells 
Human corneal epithelial (HCE) cells were cultured in en-

Table 1. Ingredients of MPDS and manufacturers         

MPDS Manufacturer Preservative Buffer system
Cleaning or 

lubricating agent
Chelating agent Others

A H. PHMB - - - NaCl
B H. PHMB - - - -
C M. PHMB - poloxamer 407 edetate hydrate (EDTA) NaCl
D L. PHMB - - - NaCl, H2O, hydroxypropyl 

 methylcellulose 
E N. -a sodium borate, so-

dium bicarbonate
sodium phosphate - povidone, tetronicselectant1107

F K. PHMB - - - -
G K. PHMB - - - -
H K. PHMB - - - -
I J. 20% PHMBb 

2.5 mg/100 ml
- - - potassium sorbate 52 mg, sodium 

hyaluronate 20 mg 
J J. 20% PHMB 

5 μl/100 ml
- - - sodium hyaluronate 20 mg/100 ml

K J. 20% PHMB 
2.5 mg/100 ml

- - - potassium sorbate 52 mg

L J. 20% PHMB 
0.1 mg/100 ml

- - - hydroxypropylcellulose 2910 0.1 g

M C. PHMB - - - -
N P. 20% PHMB sodium borate, bo-

ric acid
ploxamine 1107 disodium edetate hydrate 

 (EDTA-2Na), sodium chloride
30% etidronic acid tetrasodium, 
hydroxypropyl methylcellulose 

O P. PHMB 
0.00001%

sodium borate, bo-
ric acid, D-sorbitol

ploxamer 407 disodium edetate hydrate 
 (EDTA-2Na), sodium chloride

hydroxypropylcellulose, H2O

anot mentioned in manufacturer's instructions.        
bPHMB; polyhexamethylene biguanide.      
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dothelial cell growth media kits (KGMTM BulletKitTM) (Lon-
za, Portsmouth, New Hampshire, USA) in 5% CO2 incubator. 
Monolayered HCE cells were placed in 96-well plates and in-
cubated with 3 kinds of MPDS or control media in 5% CO2. 
Cytopathic effects (CPE) were assessed visually after Giemsa 
staining and measurement of optical density at 590 nm, with 
0.1 ml of cells solubilized in 5% SDS. Percent CPE was calcu-
lated according to the following formula: % CPE= 100 - [(OD 
of experimental well - OD of HCE alone)/OD of control cells] 
× 100. The CPE assay was performed in triplicate. 

Statistical analysis
Data are expressed as mean± SD in 3 independent experi-

ments. Statistical significance was analyzed using an unpaired 
Student’s t-test. A P-value of < 0.05 was interpreted as statisti-
cally significant.

RESULTS

Amoebicidal activity of MPDS
To determine the amoebicidal activity of Korean MPDS, the 

most probable number (MPN) technique was used. All tested 
Korean MPDS and their respective contents were listed in table 
1. Fifteen kinds of MPDS and control solution were tested for 
amoebicidal activity. The average and standard deviation from 
MPN at 0, 4, 8, and 24 hr of trophozoites and cysts after incu-
bation with MPDS were shown in Table 2. The trophozoites 

and cysts MPN average and SD were presented respectively in 
Fig. 1. No significant difference was detected between tropho-
zoites and cysts. After an exposure time of 4 hr, solution N 
showed high amoebicidal activity to trophozoites and cysts. 
After 8 hr of exposure, solution N and M showed moderate 
amoebicidal activity to trophozoites (Fig. 1A). After 24 hr of 
exposure, solution N and M killed almost all trophozoites and 
cysts (Fig. 1A, B). Solutions A, B, G, H, L, and O showed posi-
tive amoebicidal effects with 24 hr exposure (Table 2; Fig. 1). 
Especially, solutions G and H showed moderate amoebicidal 
activity to trophozoites. However, cysts were more resistant to 
solutions G and H than solutions N and M. Among 15 MPDS 
made in Korea, solutions N and M showed higher amoebi-
cidal effects to trophozoites and cysts than the others but not 
enough to eradicate the amoeba. 

Cytopathic effects of MPDS
To investigate the cytopathic effects of MPDS which pos-

sessed amoebicidal effects, solutions A, N, and M were incu-
bated with human corneal epithelial cells for 30 min, 1 hr, 2 
hr, and 4 hr. The concentrations of MPDS were designed so 
that a linear range of 0% to 100% (Fig. 2). A few amoebicidals 
effective MPDS-A was not cytotoxic at any of the concentra-
tions tested (Fig. 2A). Solution A was cytotoxic for higher con-
centrations (70-100%) after 4 hr exposure; however, the solu-
tion is dilute to appropriate concentrations by eye drops. 

Moderate amoebicidal solution M showed 58% cytopathic 

Table 2. Average and SD counts   

MPDS
Avg (SD) count at 0 hr Avg (SD) count at 4 hr Avg (SD) count at 8 hr Avg (SD) count at 24 hr

Trophozoites Cysts Trophozoites Cysts Trophozoites Cysts Trophozoites Cysts

Control 10,000 (0) 10,000 (0) 7,867 (2136) 1,800 (557) 6,633 (2,136) 3,533 (1,850) 3,500 (0) 5,000 (3,593)
A 10,000 (0) 10,000 (0) 10,167 (5,380) 2,300 (557) 4,133 (1,097) 1,733 (451) 1,533 (961) 500 (0)
B 10,000 (0) 10,000 (0) 5,000 (3,593) 920 (710) 1,703 (1,633) 300 (205) 736.7 (836) 310 (381)
C 10,000 (0) 10,000 (0) 11,400 (3,984) 2,510 (2,582) 10,167 (5,380) 1,400 (954) 2,133 (2,829) 287 (189)
D 10,000 (0) 10,000 (0) 13,133 (6,772) 890 (750) 11,400 (3,984) 667 (144) 5,000 (3,593) 767 (462)
E 10,000 (0) 10,000 (0) 8,933 (6,120) 4,133 (1,097) 4,767 (1,097) 7,667 (7,217) 996.7 (1,223) 2,917 (2,270)
F 10,000 (0) 10,000 (0) 6,000 (2,848) 2,900 (1,039) 7,867 (2,136) 1,607 (1,698) 1,087 (1,182) 5,517 (9,082)
G 10,000 (0) 10,000 (0) 6,000 (2,848) 5,083 (4,184) 5,633 (3,356) 1,400 (954) 206.7 (100) 507 (523)
H 10,000 (0) 10,000 (0) 9,600 (7,275) 2,767 (2,470) 8,300 (6,736) 1,437 (1,789) 110 (101) 940 (1,268)
I 10,000 (0) 10,000 (0) 2,500 (1,732) 3,533 (1,850) 1,517 (831) 1,517 (831) 933.3 (318) 1,400 (1,825)
J 10,000 (0) 10,000 (0) 8,933 (6,120) 6,633 (2,136) 4,133 (1,097) 3,700 (1,609) 1,167 (611) 3,223 (5,094)
K 10,000 (0) 10,000 (0) 4,633 (3,868) 4,133 (1,097) 4,133 (1,097) 5,400 (3,700) 2,900 (557) 1,503 (1,740)
L 10,000 (0) 10,000 (0) 5,367 (3,233) 2,100 (1,249) 4,767 (1,097) 2,333 (1,106) 863.3 (686) 327 (369)
M 10,000 (0) 10,000 (0) 1,243 (1,955) 933 (318) 130 (156) 1,007 (1,037) 104 (178) 67 (45)
N 10,000 (0) 10,000 (0) 416.7 (144) 317 (380) 273.3 (216) 190 (137) 87 (117) 37 (35)
O 10,000 (0) 10,000 (0) 7,700 (7,422) 1,733 (1,533) 5,133 (3,453) 580 (624) 756.7 (845) 243 (227)
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effects at 50% concentration and 4 hr exposure (Fig. 2B). Even 
at 1 hr exposure to 50% diluted solution M, 43% cytopathic 
effects were shown. The best amoebicidal solution N showed 
62% cytopathic effects at 50% concentration and 4 hr expo-
sure, and 32% cytopathic effects at 50% concentration and 1 
hr exposure (Fig. 2C). Both of these solutions M and N 
showed a time-dependent cytotoxicity towards HCE cells. 
These results showed that amoebicidal solutions also have var-
ious ranges of cytopathic effects against human cells.

DISCUSSION

MPDS have a broad antimicrobial activity and minimal cy-
totoxicity. We have first evaluated the amoebicidal activity of 
15 MPDS made in Korea and their cytopathic effects on hu-
man corneal epithelial cells at various concentrations and 
times. Only 2 of the 15 MPDS (solutions N and M) showed 
moderate amoebicidal effects (Table 2; Fig. 1). However, those 
amoebicidal MPDS also showed cytopathic effects (Fig. 2B, C). 
Both amoebicidal activity and cytotoxicity were closely depen-
dent on the agents used in the formulation of the MPDS. Cy-
totoxicity of PHMB (polyhexamethylene biguanide) was ap-
parent at 10 ppm during incubation with HCE cells for 30 min 
[16], and 0.02% PHMB showed 46% lysis of the HCE cells 
within 10 min [17]. The buffering and isotonic agents tested 
showed various strengths of cytotoxicity, and the surfactant 
agents also showed various strengths of cytotoxicity [8]. 

All tested MPDS in this study and their ingredients are listed 
in Table 1. However, the concentrations of their contents are 
not shown in detail. Different concentrations of PHMB among 
MPDS seemed to result in various degrees of amoebicidal ef-
fects and cytopathic effects. Table 2 and Fig. 1 showed no sig-
nificant differences between trophozoites and cysts. Action 
mechanisms of PHMB may explain this to kill both Acantham-

oeba trophozoites and cysts by inhibiting the membrane func-
tion [18]. 

A limitation of this study was that no details of all reagents 
are mentioned in the manufacturer’s instructions, and all 
MPDS were not tested yet for their potential cytotoxicity. 
Amoebic numbers within each control replicate must be con-
firmed. Currently, MPDS are used widely for cleaning, disin-
fecting, rinsing, and storing contact lenses, but the amoebi-
cidal activity and cytotoxicity of these solutions have not been 
determined. 

In this report, we investigated that most of the MPDS made 
in Korea were ineffective or insufficient to kill Acanthamoeba, 
and the amoebicidal effective solutions also showed cytotoxic-
ity on human corneal epithelial cells. These results suggested 
that the development of a new disinfection system with higher 
amoebicidal effects and a reduced cytotoxicity on HCE cells is 
needed to prevent Acanthamoeba keratitis. The development of 
a more streamlined and commercial solution would be a ma-
jor step in the future. New combination of autophagy inhibi-
tors or cellulose synthesis inhibitors with low concentration of 

Fig. 1. A most probable number of Acanthamoeba after incubation with 15 kinds of MPDS (solution A- solution O) and control solution. 
(A) Amoebicidal effects of MPDS on trophozoites. (B) Amoebicidal effects of MPDS on cysts. MPDS N and M showed moderate amoe-
bicidal effects. Values indicate the mean (±SD) of 3 experiments.   
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PHMB were suggested as a potential future treatment [17,19]. 
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