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Photodynamic therapy (PDT) is a modality of therapy that involves the activation of photosensitive
substances and the generation of cytotoxic oxygen species and free radicals to promote the selective
destruction of target tissues. This study analyzed the application of PDT to Tritrichomonas foetus, a
scourged and etiological agent of bovine trichomoniasis, a sexually transmitted infectious disease. As it is
an amitochondrial and aerotolerant protozoan, it produces energy under low O, tension via hydrogeno-
some. T. foetus from an axenic culture was incubated with photosensitizer tetrasulfonated aluminium

Ié?ﬁ“g;:g phthalocyanine and then irradiated with a laser source (InGaAIP) at a density of 4.5Jcm~2. The DNA
AIPCS, integrity of the control and treated group parasites was analyzed by conventional gel electrophoresis
DNA damage and comet assay techniques. In previous results, morphological changes characterized by apoptotic cell

death were observed after T. foetus was submitted to PDT treatment. In the treated groups, T. foetus DNA
showed a higher concentration of small fragments, about 200 pb, in gel electrophoresis after PDT. In
the comet assay, the DNA tail percentage was significantly higher in the treated groups. These results
demonstrate that PDT leads to DNA fragmentation with changes in nuclear morphology and apoptotic
features.

Comet assay

© 2017 Elsevier B.V. All rights reserved.

1. Introduction effects of non-ionizing interaction between visible light of spe-

cific wavelength and a photosensitizing agent to initiate cytotoxic

Bovine trichomoniasis is a sexually transmitted disease caused
by flagellate protozoan Tritrichomonas foetus, resulting in infertility,
vaginitis, endometritis, abortion and sometimes pyometra in cows
[1], and, therefore, considerable economic loss, all over the world.

Photodynamic therapy (PDT) is a modality of therapy used to
treat various types of malignant or non-malignant neoplasic dis-
eases [2], although its therapeutic potential is evident with regard
to other diseases of muco-cutaneous manifestations resistant to
antibiotic treatments [3]. PDT associated with phthalocyanines
proved to be efficient in inactivation of parasites [4]. Its princi-
ple involves the activation of photosensitive substances by a light
source and the generation of cytotoxic reactive oxygen species
(ROS) and free radicals that cause selective destruction of target tis-
sues [5]. The photodynamic reaction exemplifies the non-thermal
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species that causes an oxidative cascade of events that result in
cell death either by apoptosis or necrosis [6,7]. The cell response
to PDT depends on the parameters used [8-10]. The cell death pro-
cess is part of the mechanism of control of the number of cells acting
as a mechanism of defence by removing undesired cells, including
those potentially dangerous to the body, as well as of prevention of
various diseases [11-14].

Studies have shown the existence of Programmed Cell Death
(PCD) in unicellular organisms [ 15-22] and postulated a functional
role of PCD in their biology. However, very little is known about
the molecular mechanisms by which PCD occurs in these organ-
isms [23]. The study of the cell death mode of T. foetus is compelling
not just because of its unicellular nature, but also because it does
not have mitochondria. Energy production under low oxygen ten-
sion in T. foetus occurs via an unusual anaerobic membrane-bound
organelle called hydrogenosome [24-27].

Many ultrastructural changes indicate the type of cell death
pathway activity in T. foetus, such as nuclear fragmentation,
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degradation of cytoplasmatic components, hydrogenosome shape
changes, plasmatic membrane projections (blebs), flagellar inter-
nalization, release of lysosomal enzyme, cell shape changes,
cytoplasm vacuolization, photosensitizing (PS) externalization, and
caspase activation [4,25,28-35]. In the present study, T. foetus
treated with PDT associated with photosensitizer tetrasulfonated
aluminium phthalocyanine (AIPcS4;) showed “ladder-patterned”
DNA fragments, in conventional electrophoresis assay and longer
tails in Comet Assay. The DNA fragmentation detected in both
assays indicates that T. foetus suffered apoptosis after PDT treat-
ment. Thus, it can be affirmed that PDT treatment is effective in
combating T foetus, since it induces cell death by DNA fragmenta-
tion.

2. Material and methods
2.1. T. foetus maintenance and PDT

AT. foetus K strain was kindly provided by Dr. Fernando Costa e
SilvaFilho from Norte Fluminense State University (UENF/R]/Brazil)
and by Dr. Marlene Benchimol from Santa Ursula University
(USU/RJ/Brazil). The parasites were maintained in TYM medium
(Dyamond, 1957) supplemented with 10% foetal bovine serum at
pH 6.8 and 37 °Cin 5% CO, atmosphere and subcultured every 48 h.
Tetrasulfonated aluminium phthalocyanine (AlPcS4) (Porphyrin
Products, INC.) was dissolved in phosphate buffered saline (PBS;
10mM phosphate buffer at pH 7.2 containing 0.15M NaCl) and
stored at 4°C. For the experiments, the PS colorant was diluted
to 10 uM and its absorption spectra were read in a spectropho-
tometer (UV-VIS Varian Cary 50). The parasite cells (1 x 10%) were
incubated with either AlPcS, (10 wM) diluted in PBS or the same
volume of PBS (control) for 60 min. in the dark at 37°C in a 5%
CO, atmosphere. After this period, the cells were centrifuged at
850xg for 10 min at 4 °C, and then washed with PBS twice in order
to remove any photosensitizer not absorbed by cells. Next, 500 p.L
of fresh TYM medium supplemented with 10% foetal bovine serum
was added to each tube and the whole content was transferred
to wells (area=1.8 cm?) on 24-well plates. The plates were irradi-
ated with a semiconductor laser (Thera Laser - DMC), with active
medium InGaAIP (A =685 nm; P=26 mW; D.E=4.5]/cm?; t=3.52s)
in the dark, after which the protozoan cells were reincubated at
37°Cin 5% CO, atmosphere for 24 h.

2.2. DNA extraction and analysis

About 1 x 108 of PDT-treated trophozoites and control cells
were harvested and resuspended in 500 L DNA extraction buffer
(10 mM Tris-HCI (pH 8.0); 25 mM EDTA (pH 8.0); 100 mM NaCl and
1% SDS). After cell disruption by the freeze-squeeze method, 250 p.L
of phenol, chloroform and isoamyl alcohol (25:24:1) were added.
The sample was homogenized and then centrifuged at 12000 xg for
10 min. After that, the supernatant was transferred to a new tube
and the DNA was precipitated by addition of absolute isopropanol
(1vol)and incubation for 2 h at —20°C. Then, the samples were cen-
trifuged at 12000 x g for 30 min; the supernatant was discarded and
70% ethanol was added to the pellet followed by double centrifuga-
tion at 12000 x g for 30 min. After ethanol removal, the tubes were
allowed to dry at room temperature. The pellet was resuspended
with deionized water, treated with RNAse A and then stored at
—20°C until use. The extracted DNA was quantified in NanoVue
Plus Spectrophotometer (GE Healthcare) and visualized by con-
ventional gel electrophoresis (CGE) in 1.5% agarose. After staining
with ethidium bromide, the DNA was visualized with Transilumi-
nator UV Fusion FX (Vilber Loumart) and images were acquired
with software FusionCapt Advanced FX5 (Vilber Loumart).

Fig. 1. Ladder pattern of Tritrichomonas foetus DNA extracted from non-treated (A)
and treated cells (B) by Photodynamic Therapy. Conventional gel electrophoresis
(agarose 1%), stained with ethidium bromide. M-1 kb ladder (Thermo Science).

2.3. Single cell gel electrophoresis/comet assay

T. foetus parasites were cultivated as previously described and
evaluated following the Single Cell Gel Electrophoresis/Comet
Assay (SCGE/Comet Assay) protocol used by [36] and described by
[37]. The number of control and PDT-treated cells was adjusted
for 1 x 10%. Images were acquired with an epifluorescence micro-
scope (Leica Epifluorescence Microscope DMLB fitted with a Leica
DFC310FX camera to capture pictures). Mean tail moments (tail
length x tail DNA%) were automatically scored using the Open-
Comet analysis software. Two-tailed Student t-tests were used for
data statistical analysis and software Prism (GraphPad Software)
for representation [36,38,39].

3. Results

The effect of PDT on the DNA integrity of T. foetus was evaluated.
Genomic DNA from PDT-treated and untreated cells was separated
on agarose gel and the resulting bands were analyzed for size and
intensity. PDT-treated cells presented a higher concentration of
small DNA fragments, around 200 pb, and “ladder-patterned” DNA
(Fig. 1), indicating that PDT induced DNA fragmentation, differently
from that seen in the control group.

For a wider evaluation of the effect of PDT onto DNA fragmen-
tation, the alkaline comet assay was performed. This technique
evaluates DNA fragmentation through the extension of the comet
tail at the level of individual cells [40]. The percentage of DNA in the
comet tail in the PDT-treated group was significantly higher than
in the control group (p=0.0051) (Fig. 2).

The ladder pattern of discontinuous DNA fragments obtained in
PDT-treated protozoa after CGE is a hallmark of apoptosis.
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Fig. 2. Comet assay of T. foetus. Internucleosomic fragmentation of DNA detected in parasite T foetus using a single cell gel electrophoresis (Comet assay) after 24-h culture
(x10%) with and without PDT. Representative images of comet assay of non-treated (A) and PDT-treated (B) parasites are shown. (C) Quantification of DNA damage in control
versus PDT-treated T. foetus; expressed as mean (+SD) tail moment. P=0.0051 (t-testes). These results are the average of triplicate experiments.

4. Discussion

To provide subsidies for understanding the cell death mecha-
nism in amitochondrial protozoan T. foetus after PDT, the present
study presented the DNA fragmentation profiles with apoptotic
features obtained by electrophoresis and comet assay analyses.

Trichomonad apoptotic cells do not show the same nuclear
organization seen in mammals. After treatment with H,0,, some
unusual chromatin condensation patterns and peripheral hete-
rochromatin masses have been found in a large number of cells.
In addition, DNA nuclear fragmentation was observed probably as
a result of activation of different endonucleases during the death
process [40]. The changes observed in DNA nuclear morphology
in PDT-treated cells (Fig. 1) relates PDT performance to DNA frag-
mentation. Eukaryotic DNA wraps around an octamer of small basic
proteins, called histones, to form the nucleosomes, the first chro-
matin package level; 146 bp are wrapped around the histone core
and the remaining bases link to the next nucleosome. Then, the
nucleosomes are grouped to form a 30 nm fibre, which coils around
each other to form a loop of approximately 50 kb followed by a
rosette (consisting of six connected loops), then a coil, and, lastly,
the chromatids. Detection of high molecular weight (HMW) DNA,
300 kb, inside the nucleus indicates the cleavage of rosettes (six 50-
fold loops), which is often an early event in PCD. HMW DNA can be
cleaved into 50 kb fragments and then into low molecular weight
(LMW) fragments of 180-200 pb. The last cleavage occurs when an
activated nuclease cleaves the DNA at linker sites between nucle-
osomes, resulting in fragments that are multimers of 180-200 bp
[41]. The presence of LMW fragments is a typical picture of apo-
ptosis in various cell systems [42-48]. It is important to mention
that the DNA damage caused by PDT is related to the treatment
dose, length, etc., and that the resulting DNA fragmentation does
not necessarily lead to cell death. The cell death process depends
on how the organism (or cell) responds to this damage, whether
it is either able to repair it or a cell death mechanism is triggered
[2,49].

The ladder pattern formed by multiple 200 pb bands observed
in this study after the PDT treatment (Fig. 1B) is compatible with
internucleosomal genome fragmentation, hence apoptosis [50,51].
Samples not treated with PDT presented a less evident ladder pat-
tern (Fig. 1A). Although the formation of the DNA ladder is, in fact,
the end point of DNA degradation and does not reflect the full DNA
fragmentation pattern occurring during apoptosis, it is known that
it is preceded by rosette cleavage and the 50-kb rosette compo-
nent, in turn, is preceded by the formation of HMW DNA fragments,
which are considered to be the most reliable biochemical markers
for initial apoptosis [48].

Despite the fact that a variety of techniques have emerged
to detect apoptotic DNA fragmentation, the Single Cell Gel Elec-
trophoresis (SCGE), or Comet assay, used in this study, is the method
most widely applied for the detection of DNA damage in single cells
[39]. The SCGE/Comet Assay, a sophisticated and precise method
of cell death measurement at single cell level, has been validated
and many different cell models use it as a convenient method of
DNA damage and repair screening, anti-cancer agent toxicity and
in apoptosis studies [52]. The Comet Assay technique was origi-
nally developed by [53] and modified for human blood cells by
[37]. It is considered a relatively simple, rapid and sensitive tech-
nique to detect various sorts of DNA damage, including oxidative
damage inflicted by ROS at single-cell level at a reasonably low
cost [36,54-58]. This powerful technique facilitates the denatu-
ration, unwinding, and detection of single strand breaks as well
as DNA breaks by exposure to alkali [54]. It has been adapted for
use with various eukaryotic cells, including animal, plant, yeast,
algae [59-61], and protozoan (Tetrahymena thermophile) cells [62].
In cases of apoptotic cell death, the comet-like structures present
large tails and small heads, defined as cells in which more than
90% of the nucleus DNA migrated to the tail [48,63]. Differently
from viable cells, which display a large head with only a minute
tail, and necrotic cells, which display large nuclear remnants and
almost invisible tails [48]. After the PDT treatment of T. foetus, it
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was possible to observe that more nuclear DNA was fragmented
and formed the comet tail characteristic of apoptosis (Fig. 2).

It was previously reported that PDT induces cell and hydrogeno-
some shape changes [34] and lysosomal enzyme release [64] in T.
foetus. These structural changes, together with the data reported
here, indicate that PDT may have induced PCD by apoptosis,
autophagy or paraptosis, which was considered an alternative form
of PCD by [65]. Other studies show that H,0, also induces the same
changes in T. foetus cells [34].

Aform of cell death with features different from those described
for necrosis was observed here; however, it resembled a PCD-like
death with hallmarks of apoptosis, including DNA fragmentation.
Studies have show that T. foetus shares this morphological feature
with multicellular organisms [66,67]. Various forms of chromatin
condensation during PCD found in unicellular and multicellular
amitochondriate organisms were also observed in T. foetus here.
In this study, the treated parasite showed a specific fragmenta-
tion pattern characteristic of apoptosis, producing DNA fragments
of 180 nucleotides in length, known as characteristic oligonucle-
osomal fragmentation [41,43,44,68-78]|. However, DNA molecular
analysis of T. vaginalis showed no particular pattern of DNA frag-
mentation [79]. Thus, our data indicates the possible existence of
a different DNA fragmentation mechanism for T. foetus that has
already been described for T. vaginalis. Furthermore [80], some
demonstrated aspects resembling apoptosis, such as nuclear frag-
mentation, chromatin condensation, phosphatidylserine exposure
and transmembrane potential disruption, besides the possible
presence of caspase-3, were activated during H,O, treatment [34],
and similar results were observed after treatment with a photosen-
sitizer or PDT [28] in this trichomonad.

5. Conclusion

We demonstrate that PDT induces apoptosis in T. foetus, acting
on DNA fragmentation, resulting in nuclear morphological alter-
ations. As T. foetus is an amitochondrial protozoan, other organelles
may be involved in the mechanism of cell death by apoptosis, sug-
gesting new studies of metabolic pathways and molecules involved
as effectors and suppressors of intermediates.
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