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Anti-amoeba Effect of Branched Medium Chain Fatty
Acids and Their Salts on Acanthamoeba Castellanii

Haruna Sasaki, Toshinari Koda, and Hiroshi Morita

Abstract—Acanthamoeba castellanii is an organism that
causes Acanthamoeba keratitis, an infectious disease.
Acanthamoeba are protists that generally inhabiting soils,
freshwater, and sea water, but can also infect the cornea due to
dirty water infiltration if contaminated contact lenses are worn.
In this study, we focused on four branched medium chain fatty
acids—2-ethylhexanoic acid, 3,5,5-trimethylhexanoic acid along
with their salts, potassium 2-ethylhexanoate, and potassium
3,5,5-trimethylhexanoate. We examined their antimicrobial
effect toward A. castellanii and aimed to search for new drugs to
be used in contact lens disinfecting solutions. The minimum
inhibitory concentrations (MICs) of 2-ethylhexanoic acid and
3,5,5-trimethylhexanoic acid showed growth reduction of 4-log
units (99.99% suppression) in A. castellanii upon 10 min
incubation at 12.5 v/v%. In addition, at a diluted concentration
of 6.25 v/v%, 2-ethylhexanoic acid produced a 4-log units
reduction at 180 min and for 3,5,5-trimethylhexanoic acid, a
4-log units reduction at 60 min. The MICs of potassium
2-ethylhexanoate showed growth reduction of 4 log units in A.
castellanii upon 10 min incubation at 2.50 w/v%. However,
potassium 3,5,5-trimethylhexanoate showed growth reduction
of 4-log units in A. castellanii upon 180 min incubation at 5.00
w/v%. Based on the results of MICs, a verification test of
3,5,5-trimethylhexanoic acid and potassium 2-ethylhexanoate
was conducted. As a result, approximately 2.1 logarithmic
growths were observed in the control consisting of 10% Tween
80 compared to the initial cell number, and the amoeba growth
reduction with 3,5,5-trimethylhexanoic acid could not be
confirmed up to a concentration of 0.0122 v/v%. Potassium
2-ethylhexanoate salt was not confirmed to reduce amoeba
growth up to 0.625 w/v%. However, the amoeba growth
reduction could not be confirmed with the tests where control
pH-adjusted solution was applied, either. In the light of the
above-mentioned results, it was revealed  that
3,5,5-trimethylhexanoic acid exhibits the highest anti-amoeba

effect among the four tested branched medium chain fatty acids.

This result indicated the possibility to use it in contact lens
disinfectant solutions as a novel drug against Acanthamoeba
keratitis.

Index Terms—2-ethylhexanoic acid, 3,5,5-trimethylhexanoic
acid, acanthamoeba castellanii, Anti-amoeba effect.

. INTRODUCTION

Acanthamoeba castellani is an organism that causes an
infectious disease called Acanthamoeba keratitis, which was
reported for the first time in the UK in 1974 [1] and in Japan
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in 1988 [2] where over several hundred cases are presumed to
occur currently [3]. In recent years, soft contact lenses mainly
used by young people, showed an increasing trend [4], [5].
Acanthamoeba are protists generally found in soils,
freshwater, and seawater [6], yet they can contaminate
contact lenses leading to corneal infections due to dirty water
infiltration [7]-[9]. Patients with Acanthamoeba keratitis may
experience pain presenting with photophobia, ring-like
stromal infiltrate, epithelial defects, and lid edema [10]. If
Acanthamoeba Kkeratitis is not treated adequately and
aggressively, it can lead to loss of vision.

Currently, cold disinfection with hydrogen peroxide
solution or multi-purpose solution (MPS) is commonly used
for disinfecting contact lenses [11]-[13]. Particularly in the
case with MPS; cleaning, rinsing, and disinfection of soft
contact lenses can all be performed with the same liquid and
it also serves as a preservative solution, making it a
commonly used solution [11], [12]. However, the
disinfection effect of MPS is weaker than other contact lens
disinfection methods, and hypersensitivity may occur,
pointing to another disadvantage [12], [13]. Moreover,
according to the 2009 National Consumer Center report in
Japan, it was shown that anti-amoebic activity of
commercially available MPS is very low [14], [15]. MPS
contains polyhexanide hydrochloride as a main component
[14], [16], [17], however, even after an incubation period of 8
hours, commercially available MPS decreased only 1/10 or
less cells, in 4 of 8 strains [14], [15]. In addition, MPS is
mainly targeted for eliminating bacteria and fungi, and is
hardly considered for preventing eye infections due to
amoeba.

Previous studies on anti-amoebic activity have reported
antibacterial tests using straight chain fatty acids and their
salts [15], in addition to antibacterial tests against fungi [18],
bacteria [19] and other microbial agents. Fatty acid salts are
carboxylic acid salts of chain hydrocarbons, and are
surfactants formed from fatty acids and alkalis with both
hydrophilic and hydrophobic properties. Even though fatty
acids have no surface activity, as they are similar in structure
to fatty acid salts, they have been used as comparative agents
for fatty acid salts in previous studies.

However, an anti-amoeba study using branched medium
chain fatty acids has not been reported so far. Therefore, in
this study, we investigated anti-amoeba effects of branched
medium chain fatty acids and their salts against A. castellanii.
We focused on 2-ethylhexanoic acid and
3,5,5-trimethylhexanoic acid that are members of branched
chain fatty acids. Branched chain fatty acids are characterized
as colorless and transparent liquids without foreign matter,
and are stable viscous liquids excellent in hydrophobicity,
dispersibility, heat resistance, and low freezing point. Based
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on these characteristics, they are used in metal soaps,
plasticizers, lubricants, surfactants, alkyd resins, fatty acid
chlorides, and raw materials for cosmetics, and are excellent
candidates for facilitating the exploration and discovery of
new drugs. Based on these factors, the anti-amoeba effect of
branched medium chain fatty acids and their salts against A.
castellanii was investigated.

Il. METHOD

A. Acanthamoeba Strain and Growth Medium

Acanthamoeba castellanii (ATCC 30010) was obtained
from the ATCC (American Type Culture Collection,
America), and Peptone-yeast-glucose medium (PYG, ATCC
712) was selected as the growth medium. Table | shows the
medium composition. Basal medium, inorganic salt solution,
and 2 M glucose stock solution were adjusted to pH 6.5 with
10% HCl and 1 M KOH.

TABLE I: PYG MEDIUM

Basal Medium
Tryptone (Becton Dickinson): 3.56 g
Yeast extract (Becton Dickinson): 0.178 g
Distilled water: 160 ml

Inorganic salt solution
a) 0.4 M MgS0O,4* 7H,0 (Kanto Chemical Co., Inc.): 2.0 ml
b) 0.05 M CaCl, (Junsei Chemical Co., Ltd.): 1.6 ml
€) 0.005 M Fe(NH,4),(SOy),* 6H,0 (Alfa Aesar): 2.0 ml

d) 0.25 M Na,HPO, (Kanto Chemical Co., Inc.): 2.0 ml
e) 0.25 M KH,PO, (Kanto Chemical Co., Inc.): 2.4 ml

2 M Glucose stock solution
a) Glucose (Wako Pure Chemical Industries, Ltd.): 3.6 ¢
b) Sodium citrate (Nacalai Tesque Co., Ltd.): 0.2 g
c) Distilled water: 10.0 ml

B. Method of Trophozoite Cultivation

The inorganic salt solution was autoclaved and added to an
300 ml Erlenmeyer flask containing 160 ml basal medium
(Table 1). Furthermore, 10 ml of 2 M glucose stock solution
(Table 1) was sterilized by filtration through a 0.25 pm filter
and added to the Erlenmeyer flask. Then, 45 ml of the
solution in the Erlenmeyer flask was dispensed into petri
dishes (960 > 45), and 10-fold diluted antibiotic,
anti-mycotic solution (10000 units penicillin, 10 mg
streptomycin and 25 g amphotericin B/ml) was added per 5
ml of media. Finally, 500 i of A. castellanii cultivated with
PYG medium (3.0 x 10° cells/ml) was cultured on these
dishes for 7 to 14 days at 30<C.

TABLE Il: STRUCTURE OF 2-ETHYLHEXANOIC ACID AND
3,5,5-TRIMETHYLHEXANOIC ACID

Branched chain fatty acid Structural formula

2-ethylhexanoic acid

\/\j\COQH
WCOzH

3,5,5-trimethylhexanoic acid

97

A. Fatty Acids and Their Salts

Two branched chain fatty acids along with their salts were
tested in this study. In this study, 2-ethylhexanoic acid and
3,5,5-trimethylhexanoic acid commercial products were
tested. Their structural formulae are shown in Table II. For
each of the two salts, those provided by Nissan Chemical
Corporation were used. As for the concentration, a
concentration already adjusted to 10% was used.

B. Preparation of Cell Suspensions

The number of trophozoites from the amoeba suspension
produced by using the method described above, was assessed
using an optical plastic plankton counter (Matsunami Glass
Ind., Ltd., Osaka, Japan). The final amoeba suspension was
adjusted to approximately 5.0<10* cells /ml.

C. Assay of Anti-amoeba Activity

A previously prepared and adjusted amoeba suspension of
1 ml was desiccated, and 1 ml of 10% Tween 80 was mixed
with 1 ml of the fatty acids with which the pellet was
re-suspended. This mixture was incubated at 30°C and used
as a control solution. In test solutions with fatty acid salt, a
pH-adjusted solution was used instead of Tween 80.

Sampling was performed in 500 pl aliquots at 10, 60, and
180 min. The samples were added to microcentrifuge tubes
containing 100 pl Hanks' Balanced Salt Solution (Invitrogen)
and 400 pl 0.4% Trypan Blue Stain (Invitrogen), and
incubated for 5 min. Five-fold diluted samples were added to
an optical plastic plankton counter and were allowed to stand
for 5 min. Due to osmotic pressure, the staining solution
penetrates dead cells, which are thus stained blue. Therefore,
the unstained viable cells were then counted using an optical
microscope (ECLIPSE TS100; Nikon). The experiments
were repeated at least thrice.

D. Assay of Minimum Inhibitory Concentrations (MICs)

MIC is the minimum concentration required to prevent the
growth of microorganisms [20]. Thus, lower MIC values
indicate greater drug efficacy. The MICs of fatty acids and
fatty acid salts were measured to examine their anti-amoeba
activity against A. castellanii and samples with the highest
activity were determined.

Samples were prepared in 2-fold dilution series (final
concentration of fatty acids: 12.5 v/v%, fatty acid salts: 1.25
w/v%), and 400 pl each of sample and amoeba suspension
(final concentration of 5.010* cells/ml) was taken ina 1.5 ml
tube. After 3 h, 500 ul of the sampling solution was
transferred in a tube containing 100 pl Hanks' Balanced Salt
Solution and 400 pl of 0.4% Trypan Blue Stain and stained
for 5 min. 300 pl of the solution was taken onto an optical
plastic plankton counter, to count the number of unstained
viable cells using an optical microscope. These results
indicated minimum concentrations at which no viable cells
were observed, providing the MICs values of each fatty acids
and their salts. The experiments were repeated at least thrice.

E. Assessment with Verification Tests

Results demonstrated a higher anti-amoeba activity against
A. castellanii in 3,5,5-trimethylhexanoic acid and potassium
2-ethylhexanoate. Therefore, verification tests using contact
lenses were conducted to evaluate the effectiveness of
3,5,5-trimethylhexanoic acid and potassium
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2-ethylhexanoate in MPS.

The selected amoeba for verification tests was the
trophozoite of A. castellanii. The “seed 2 week pure” (Seed
Co., Ltd.), a type of 2-week disposable soft contact lens was
selected as the test lens.

The experiment was conducted according to the method
described by Borazjani and Kilvington (2005) [21] and
Kilvington et al. (1990) [22]. The amoeba suspension (1 ml)
adjusted to 3.0x10° cells/ml was added into 12-well plates,
and a soft contact lens was immersed and allowed to stand for
2 h. Then, 2 ml of the sample to be tested (10% Tween 80,
3,5,5-trimethylhexanoic acid and pH-adjusted water,
potassium 2-ethylhexanoate) was added in another plate and
the soft contact lenses were transferred to these sample wells
and incubated for 6 h for disinfection. The concentration of
3,5,5-trimethylhexanoic acid was 12.5 v/v%, and the
concentration of potassium 2-ethylhexanoate was 1.25 w/v%.
Then, the lenses were transferred to other wells containing 1
ml of the Acanthamoeba culture medium (PYG medium),
detaching the amoeba adhering to the lenses in the wells. The
number of viable cells was measured after 7 days of culture at
30<C. An anti-amoebic effect was considered sufficient when
the number of viable cells was less or equal to 10 cells/ml.
The experiments were repeated at least three times.

I1l. RESULTS

A. Effect of Fatty Acids and Their MICs on Acanthamoeba
Castellanii

Fig. 1 shows the time course of the anti-amoeba test of a
2-fold dilution series of the fatty acid, 2-ethylhexanoic acid,
against A. castellanii.

log survival rate [%]

s 4 -
0 60 . 120
time [min]
Fig. 1. Two-fold dilution series of 2-ethylhexanoic acid. The dots show the
solutions: 10% tween 80 (control) (>, 2-ethylhexanoic acid 50.0 v/iv% (),
25.0 viv% (o), 12.5 vIv% (+), 6.25 vIv% (4A), 3.13 v/Iv% (o). Data were
obtained from at least three independent experiments.
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Fig. 2 shows the time course of the anti-amoeba test of a
2-fold dilution  series of the  fatty  acid,
3,5,5-trimethylhexanoic acid, against A. castellanii. Figure 3
shows the microscopic images of the cells after 10 min of
contact with the sample.

In Fig. 3 (A), vacuoles and similar structures were
observed, but both (B) and (C) were stained dark blue and as
the vacuole could not be observed, they were accepted as
dead cells. The MICs of 2-ethylhexanoic acid and
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3,5,5-trimethylhexanoic acid showed growth reduction of 4-
log units (99.99% suppression) in A. castellanii upon 10 min
incubation at 12.5 v/v%. However, 10% Tween 80 (control)
had no effect. Therefore, it was demonstrated that both fatty
acids showed anti-amoeba activity.

3
= 2
S —x
[
-
T 1
s
2
20
>
w
S
— _1 -
1 ‘
-2 2= g £
0 60 120 180

time [min]
Fig. 2. Two-fold dilution series of 3,5,5-trimethylhexanoic acid. The dots
show the solutions: 10% tween 80 (control) (), 3,5,5-trimethylhexanoic
acid 50.0 viv (<), 25.0 viv% (0), 12.5 VIV% (+), 6.25 VIV% (A), 3.13 vIv%o
(o). Data were obtained from at least three independent experiments.

(™) (B) ©
Fig. 3. Acanthamoeba cells after 180 min of contact with the control and
fatty acids. (A) 10% Tween 80, (B) 2-ethylhexanoic acid, (C)
3,5,5-trimethylhexanoic acid.

In addition, at a diluted concentration of 6.25 v/v%,
2-ethylhexanoic acid produced a 4-log units reduction at 180
min and 3,5,5-trimethylhexanoic acid a 4-log unit reduction
at 60 min.

log survival rate [%]
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Fig. 4. Two-fold dilution series of potassium 2-ethylhexanoate. The dots
show the pH-adjusted solution (control) (>, potassium 2-ethylhexanoate
5.00 wiv% (<), 2.50 wiv% (o), 1.25 wiv% (+), 0.625 w/v% (A), 0.313
W/V% (o). Data were obtained from at least three independent experiments.

A. Effect of Fatty Acid Salts and Their MICs on
Acanthamoeba Castellanii

Fig. 4 shows the time course of the anti-amoeba test of a

180
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2-fold dilution series of fatty acid salt, potassium
2-ethylhexanoic acid, against A. castellanii. Fig. 5 shows the
time course of the anti-amoeba test of a 2-fold dilution series
of fatty acid salt, potassium 3,5,5-trimethylhexanoic acid,
against A. castellanii.
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Fig. 5. Two-fold dilution series of potassium 3,5,5-trimethylhexanoate. The
dots show the pH-adjusted solution (control) (>, potassium
3,5,5-trimethylhexanoate 5.00 w/iv% (<), 2.50 wW/v% (o), 1.25 wiv% (+),

0.625 wiv% (A), 0.313 w/v% (o). Data were obtained from at least three
independent experiments.

In Fig. 6 (A), as in Fig. 3, vacuole and similar structures
were observed, but both (B) and (C) were stained black and
the vacuole could not be observed. The MICs of potassium

2-ethylhexanoate showed growth reduction of 4 log units in A.

castellanii upon 10 min incubation at 2.50 w/v%. However,
potassium  3,5,5-trimethylhexanoate  showed  growth
reduction of 4 log units in A. castellanii upon 180 min
incubation at 5.00 w/v%. The pH-adjusted solution (control)
had no effect. Figure 6 shows the microscopic images of the
cells after 180 min of contact with the sample.

(A) (®) ©
Fig. 6. Acanthamoeba cells after 180 min of contact with the fatty acid salts.
(A) pH-adjusted solution (control), (B) potassium 2-ethylhexanoate, (C)
potassium 3,5,5-trimethylhexanoate.

B. Assessment of Verification Tests

Fig. 7 shows the results of verification tests using the
3,5,5-trimethylhexanoic acid. About 2.1 logarithmic growths
were observed in the control consisting of 10% Tween 80
when compared to the initial cell number, but
3,5,5-trimethylhexanoic acid's anti-amoeba effect could not
be confirmed up to 0.0122 v/iv%.

Fig. 8 shows the results of verification tests using the
potassium 2-ethylhexanoate. Potassium 2-ethylhexanoate
salt could not confirm eliminating amoeba up to 0.625 w/v%.
However, the anti-amoeba effect could not be confirmed with
the control pH-adjusted solution.
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. 7. 3,5, 5-trimethylhexanoic acid verification experiment (two-fold
dilution series from MIC value).
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Fig. 8. Potassium 2-ethylhexanoate verification experiment (two-fold
dilution series from MIC value)

IV. DISCUSSION

The results of this study suggest that the branched medium
chain fatty acids have higher anti-amoeba effect on amoebae
than their potassium salts. Previous anti-amoeba studies on A.
castellanii showed a 4-log reduction in growth when treated
with 175 mM potassium caprylate (C8K), potassium caprate
(C10K), and potassium laurate (C12K) for 180 min [15]. In
addition, cell membrane disruption was observed after
mixing the amoeba suspension with C10K or C12K, and the
MIC of C10K and C12K was 2.7 mM. Furthermore, in
verification tests, both samples showed an anti-amoeba effect
at a concentration of 5.5 mM.

In order to calculate the molarity of the sample used in this
study, the weight per 1 g of the sample was measured three
times, and the molarity was obtained using the average value
and the molecular weight of the sample. As a result, the MIC
of the anti-amoeba test in this study for
3,5,5-trimethylhexanoic acid (12.5 v/v%) was 705 mM, and
for potassium 2-ethylhexanoate (2.50 w/v%) was 139 mM.
MIC in the verification tests was 0.689 mM for
3,5,5-trimethylhexanoic acid (0.0122 v/v%) and 34.8 mM for
potassium 2-ethylhexanoate( 0.625 w/v%).

Contrary to previous ones, in this study, dead cells were
confirmed even though the amoeba cell membrane was not
ruptured, as shown in Figures 3 and 6. It was difficult to
compare our anti-amoeba tests to others because previous
studies conducted anti-amoeba tests for 180 min. However,
in the verification tests, 3,5,5-trimethylhexanoic acid was
found to have an anti-amoeba effect at a concentration of
about 1/8 of the concentrations of C10K and C12K from the
previous study. From these result, it can be deduced that the
anti-amoeba effect of 3,5,5-trimethylhexanoic acid is higher
than that of C10K and C12K from the previous study.

Petschow et al. showed the susceptibility of Helicobacter
pylori to the bactericidal properties of medium chain
monoglycerides and free fatty acids, which may also be a
possible model for the mechanism of amoeba cell death [23].
They showed medium chain fatty acids, long chain fatty acids
and unsaturated fatty acids bind to the carrier of the electron
transport chain while passing through the outer membrane,
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enabling their entry to the cell and cause disruption of the
electron transport [23]. This is thought to be due to inhibition
of Fabl protein, which is a part of the lipid metabolism [24].
In a study by Watanabe [25] on an antimicrobial surfactant,
the anionic surfactant was found to adhere to the surface of
bacteria; the adsorbed surfactant exhibits affinity to the cell
surface and destroys the cell membrane suggesting
permeation through the polyprotein membrane. Therefore, it
is thought that this resulted in an antibacterial effect.

V. CONCLUSION

Considering the results of this study, we examined the
applicability of  potassium  2-ethylhexanoate  and
3,5,5-trimethylhexanoic acids as agents in contact lens
disinfecting solutions. As a result, it was revealed through the
verification tests that 3,5,5-trimethylhexanoic acid had an
anti-amoeba effect at 0689 mM and potassium
2-ethylhexanoate at 34.8 mM. However, potassium
2-ethylhexanoate had a high pH, thus it was not possible to
clarify the effect of the sample itself in the verification tests.
Furthermore, both potassium 2-ethylhexanoate and
3,5,5-trimethylhexanoic acids are considered to cause skin
and eye irritations, and as they would directly contact the
eyes through soft contact lenses soaked in a disinfectant
solution containing these fatty acids, they do not seem
applicable. Therefore, this study suggests that it can be used
as a disinfectant for hard contact lenses that can be placed to
the eyes after rinsing with tap water, once they are disinfected
with 3,5,5-trimethylhexanoic acid.
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