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a  b  s  t  r  a  c  t

Histoplasmosis  is a respiratory  and  systemic  disease  caused  by  the  dimorphic  fungus  Histoplasma  capsula-
tum.  The  clinical  features  may  vary  from  asymptomatic  infections  to  disseminated  severe  form  depending
of patient  immunity.  The  treatment  of  histoplasmosis  can  be  performed  with  itraconazole,  fluconazole,
and  in  the  disseminated  forms  is  used  amphotericin  B. However,  the critical  side  effects  of  amphotericin  B,
the  cases  of itraconazole  therapy  failure  and  the  appearance  of  fluconozole-resistant  strains  makes  neces-
sary the  search  of  new  strategies  to  treat  this  disease.  Antimicrobial  photodynamic  therapy  (aPDT)  seems
to be a potential  candidate  once  have  been  show  efficacy  to  inhibit  others  dimorphic  fungi.  Although  the
photosensitizer  (PS)  chalcone  aggregates  in biological  medium,  it has  antifungal  activity  and  show  a  high
quantum  yield  of  ROS  formation.  So,  the  aim of this  study  was  to  obtain  the  experimental  parameters  to
achieve  an  acceptable  selective  chalcone  water-soluble  derivatives  photoinactivation  of  H. capsulatum

comparing  with  fibroblastic  and  keratinocytes  cells  which  are  the  constituents  of  some  potential  host
tissues.  Yeast  and cells  were  incubated  with  the  same  chalchones  concentrations  and  short  incubation
time  followed  by  irradiation  with  equal  dose  of  light.  The  best  conditions  to  kill  H.  capsulatum  selectively
were  very  low  photosensitizers  concentration  (1.95  �g mL−1) incubated  by 15 min  and  irradiated  with

−2. Ke
LED  450  nm  with  24  J cm

. Background

Histoplasmosis is a fungal infection caused by the dimorphic
ungus Histoplasma capsulatum [1]. Depending on host immunity
he disease can effect organs phagocytic mononuclear system such
s spleen and liver [2,3], as well as can create oral and tissue lesions
4]. The treatment of histoplasmosis can be performed with itra-
onazole, fluconazole and in the disseminated form amphotericin B
5]. However, the appearance of fluconazole-resistant strains [6,7],
ases of failure with itraconazole therapy [8] and that amphotericin

 causes severe side effects, including nephrotoxicity and hep-
totoxicity [9] makes urgent the development of new strategies

o treat this disease. Antimicrobial photodynamic therapy (aPDT)
eems to be a potential candidate since it has been shown to effec-
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tively kill different species of fungi, causing minimal damage to host
cells [10,11].

2. Aims

Several photosensitizers (PSs) have been investigated for aPDT
applications in the treatment and control of yeasts, including chal-
cone that show a high quantum yield of reactive species of oxygen
(ROS) formation [12]. Nevertheless, the chalcones in water and
biological media forms aggregates or precipitates that prevent
its efficient photoactivity [13,14]. So, in this study we inedited
investigate the selective photoinactivation of H. capsulatum using
chalcone water-soluble derivatives.

3. Materials and Methods
3.1. Histoplasma capsulatum Strain and Culture Conditions

H. capsulatum (ATCC #26029) was  grown aerobically in brain-
heart infusion (BHI-broth) (DifcoTM) at 37 ◦C and 80 rpm, until

dx.doi.org/10.1016/j.pdpdt.2017.03.001
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Fig. 1. Chemical structures (a) and absorption spectra (b) of CH1 and CH2 solution
W.C.M.A. Melo et al. / Photodiagnosis an

ogarithm phase. The yeast was harvested by centrifugation (5 min,
000 rpm) and resuspended in sterile phosphate buffered saline
PBS) at pH 7.0 to final concentration of 1 × 107 cell mL−1.

.2. Mammalian Cell Culture

NOK – human oral keratinocyte cell line, HaCat – a keratinocyte
ell line from adult human skin and MRC-5 a human lung fibroblast
ere used as model cells. The cell lines were cultured in Dulbecco’s
odified minimal essential medium (D-MEM, Sigma) containing

0% fetal bovine serum (Cultilab), penicillin 10,000 U.I. mL−1, strep-
omycin 10 mg  mL−1 and 25 �g mL−1 amphotericin B (Sigma) as

onolayers adhered to the plastic bottles at 37 ◦C, 5% CO2 and 95%
ir atmosphere.

.3. Photosensitizer and Light Source

Chalcones used in the present investigation were prepared by
hemical synthesis in the laboratories of Instituto de Biociências,
etras e Ciências Exatas, Universidade Estadual Paulista (São José
o Rio-SP, Brazil), solubilized in dimethyl sulfoxide (DMSO) at a
oncentration of 1 mg  mL−1, aliquoted and stored at −20 ◦C.

The light source used was an illumination diffusion table com-
osed by blue LEDs (predominantly 450 nm), named Bio table and
ently assigned by Dra. Carla Raquel Fontana Mendonç a, Univer-
idade Estadual Paulista, Araraquara-SP, Brazil). The output power
as maintained constant at 34 mW cm−2 and the fluence of 12 and

4 J cm−2 was  obtained by ∼6 and 12 min  of illumination, respec-
ively.

.4. aPDT Procedure

Suspensions of 100 �L of H. capsulatum (107 cell mL−1) were
ransferred into wells of a microtiter plate. Identical volume
f chalcone water-soluble derivatives in different concentrations
0–62.5 �g mL−1) was added to each well. After the incubation time
f 15 min  at 37 ◦C in the dark, the samples were irradiated at 450 nm
ith a light dose of 12 and 24 J cm−2. Cell viability was  determined

y using the micro drop technique and the colony counting were
erformed after 48 h of incubation at 37 ◦C in order to calculate the
urvival index (SI).

The same conditions were applied to mammalian cells, how-
ver, the cells viability was performed using MTT-microculture
etrazolium assay, a method of assessing cellular response to aPDT
15,16].

.5. Statistics

Values are given as means and standard errors of four separate
xperiments. Differences between killing curves were tested for
ignificance by ANOVA.

. Results and Discussion

The aPDT efficacy is dependent of the PS amount inside the
icroorganism or binding with the microorganism, i.e.,  the phar-
acodynamic of the dye [17]. Due that the chalcones used in this

tudy were functionalized with hydroxyl group in order to increase
heir solubility in water or biologically compatible media and eas-
ly binding with the microorganisms. This functionalization also
mparts a higher ability to produce singlet oxygen, hydroxyl rad-

cals and superoxide anion upon illumination [18]. Fig. 1 presents
he absorption bands of the chalcones derivatives (named CH1
nd CH2) as well as its chemical structure. The extinction coeffi-
ients of the chalcones derivatives were CH2 > CH1. In addition, the
1.0 �g mL−1 in DMSO.

structural modification of the chalcone did not promote the pho-
tochemical properties of the PS which maintained its maximum
fluorescence emission spectrum at 450 nm.

Although the fungi present a complex structure it is known that
the response of such cells to photodynamic processes is less strictly
controlled by structural factors as compared with bacteria [11,19].
However, the similarities with mammalian cells should be consid-
ered, mainly due the PS functionalization increase the binding with
the host cells and may  unfeasible the selectivity photoinactivation.
So, to identify those structural features we evaluated the effect of
the chalcones water-soluble derivatives to promote a selective pho-
toinactivation of the dimorphic fungus H. capsulatum (Figs. 2 and 3).

According to the methodology described by Soncin et al. [20], we
performed preliminary studies to evaluated the binding of chal-
cones with microbial in comparison with mammalian cells. The
results of this study (Supplementary Table 1) were used to define
the time incubation of aPDT experiments. Independent of PSs con-
centration, it was  observed a continuous and fast accumulation of
chalcones into the microbial and mammalian cells up to first 5 min.
However, after 15 min  of incubation the amount of fungi-associated
PSs reached a plateau value, while the mammalian cells prolonging
the PSs accumulation for more than 60 min. In addition, the recov-
ered concentration of PSs into mammalian cells was  three times
less than into H. capsulatum, after 15 min  of incubation. So, within
this results we  may  suggest that was possible obtain a selective PSs
accumulation.

The accumulation of CH2 into all cells was higher than
CH1, probably due the difference of chemical structure between
them which makes the CH2 more hydrophilic and consequently
decreases the aggregation. This fact also contributed to increase
the CH2 photodynamic activity compared to CH1, once the com-
plete H. capsulatum inhibition was reached for CH2 using less PS
concentration and light dose than CH1 (Figs. 2 and 3). The CH2
at 7.81 �g mL−1 associated to 24 J cm−2 light dose was capable to
reduce 100% (seven Log reduction) of H. capsulatum while was nec-
essary eight times of CH1 concentration to inhibit 95% (6.95 Log
reduction) of this fungus at same aPDT conditions. Suggesting that

the PS hidrophilicity besides allows the intracellular accumulation
may  promote the increase of ROS production.
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Fig. 2. Survival index of H. capsulatum, NOK, HaCaT and MRC-5 after 15 min  of incu-
b
u

(
i
a
o
c

d
i
a
k
b
p
R

t
b
a
2
c
s
t
l
t
t
c
m
h

ation with different concentrations of chalcone water-soluble derivative (CH1)
pon irradiation at 450 nm (a) 12 J cm−2 and (b) 24 J cm−2).

In general, it was observed that only the blue light or the PSs
0.24–15.65 �g mL−1) in the dark was not capable to cause any
nhibition for both fungus and host cells. In the other hand, the
ssociation of light – chalcones promoted a significant inhibition
f H. capsulatum which was proportional to the increase of PSs
oncentration and light dose, especially by CH2.

The aPDT in low concentrations of the PSs (0.24–3.9 �g mL−1)
id not affect significantly the mammalian cells, especially compar-

ng the effect of aPDT against fungus cell. If we compare the effect of
PDT between the mammalian cells, is possible observed that the
eratinocyte cells were more susceptible than fibroblast cell, proba-
ly due MRC-5 exhibit a morphologic structure more complex once
resents extracellular matrix that increases the protection against
OS [21].

So, the presented results showed that the chalcones are capable
o inhibit H. capsulatum with minimal damage to host cells. The
est aPDT condition to achieve this selectivity was  using the CH2
s photosensitizer at 1.95 �g mL−1, 15 min  of time incubation and
4 J cm−2 of light dose, promoting ∼85% (5.85 Log reduction) of H.
apsulatum reduction while the fibroblast and keratinocytes cells
howed 93 and 90% of SI, respectively. We  also may  highlighted that
he CH2 at higher concentration (31.2 and 62.4 �g mL−1) and a low
ight dose (12 J cm−2) was capable to inhibit 100% of the fungus and
he reduction in SI of mammalian cells was up to 40%. This damage
o host cells is much less than caused by amphotericin B at lowest

oncentration (5 �g mL−1), which induce a complete reduction of
ammalian cells SI [22]. So, the chalcone water-soluble derivatives

ave great potential to be used in aPDT against H. capsulatum.
Fig. 3. Survival index of H. capsulatum, NOK, HaCaT and MRC-5 after 15 min  of incu-
bation with different concentrations of chalcone water-soluble derivative (CH2)
upon irradiation at 450 nm (a) 12 J cm−2 and (b) 24 J cm−2).

5. Conclusions

Several authors have been reported the in vitro action of aPDT on
yeasts with several photosensitizers. As far as we know, no data are
available on the efficacy of this therapy against the H. capsulatum.
Within the results obtained we observed that low concentration
of chalcone water-soluble derivatives can promote a total inhibi-
tion of this fungus using only 15 min  of incubation and low light
doses (12 and 24 J cm−2). Furthermore, this study suggests that the
hidrophilicity of chalcones may  be the main responsible for that
great inhibition, once this characteristic promoted an increase of
PS accumulation into microbial cell.

The damage caused against the host cells was  not significant,
which allowed to achieve the selective photoinactivation of this
fungus. So, this can be a first step to get a protocol to treat histo-
plasmosis using aPDT, especially in the secondary infection (oral
mucosa and skin).
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