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Abstract. We evaluate the biological and physicochemical effects of a Fusarium oxysporum crude extract (CE) on
the skin of healthy rats. The CE is topically applied and subsequently the skin is collected after 3, 6, 12, and 24 h.
The samples are analyzed by Fourier transform infrared photoacoustic spectroscopy (FTIR-PAS) and histomorpho-
metric analysis. Terminal dUTP nick end labeling (TUNEL assay) is performed to detect both the cells in apoptosis
and proliferation. There is a thickening of the epidermis after 6, 12, and 24 h and dermis after 12 and 24 h of CE
application. A reduction of the dermis thickness is observed at 3 and 6 h. The treated skin shows higher labeling
intensity by TUNEL at 3 h, while a higher intensity by proliferating cell nuclear antigen occurs at 3 and 12 h. FTIR-
PAS data support the histology observations showing an increase in the absorption peaks in the dermis after the
application of the CE. F. oxysporum CE permeated through the epidermis and the dermis, reaching the subcuta-
neous tissue, inducing cell apoptosis, and causing physicochemical changes in the organic molecules located in the
dermis. This is the first known study associating histopathological and physical chemistry changes on healthy skin
after the application of F. oxysporum CE. © 2013 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JBO.18.9

.095004]

Keywords: Fusarium oxysporum; mycotoxin; skin infection; Fourier transform infrared photoacoustic spectroscopy.

Paper 130456RR received Jul. 3, 2013; revised manuscript received Aug. 21, 2013; accepted for publication Aug. 22, 2013; published
online Sep. 26, 2013.

1 Introduction
The genus Fusarium is a well-known plant pathogen that causes
damage to agriculture.1,2 Over the past 30 years, the Fusarium
species have been intensively studied and of the 61 identified
species, at least 35 are known to produce mycotoxins that
are harmful to animals and humans.3–8

The Fusariummycotoxins are known as chemically different
secondary metabolites. These mycotoxins can contaminate
cereal grains causing disease and death in the animals that con-
sume them. The trichothecenes [T2 toxin, deoxynivalenol, niva-
lenol, fusarenon-X (FX), and diacetoxyscirpenol (DAS)],
fumonisins, zearalenone, and moniliformin are the most impor-
tant Fusarium mycotoxins.9,10 These mycotoxins cause neuro-
logical damage and are frequently associated with animal and
human diseases.4,5 Several mycotoxins are stable under normal
food-processing conditions; thus, they may be present in natural
foods and processed products.11,12

Individuals who consume contaminated food are not exposed
to a single mycotoxin; rather, they are exposed to a cocktail of
them.13 In vitro experiments have shown that a mixture of myco-
toxins results in additive toxicity or synergy that reduces the
effective toxic dose of each component in the mixture.14,15 If
this potentiating occurs in vivo, then the health consequences
will be more severe.

In humans, the species Fusarium may cause local,
invasive, or disseminated infections. The pathogen typically
affects immunocompromised individuals because infections in

immunocompetent individuals are reported less frequently.16,17

Among immunocompromised patients, Fusarium is the second
most common cause of fungal infection, with an increased inci-
dence in patients with hematologic malignancies and especially
in those exposed to recipients of hematopoietic stem cell
transplantations.18

The entry points to the disseminated infection include the
respiratory tract, gastrointestinal tract, and skin.16 Skin lesions,
which are typically located on the extremities, are often
described as painful subcutaneous nodules that may ulcerate
and become necrotic lesions of the gangrenous erythema
type.18 For skin infections, the entry points are wounds, digital
ulcers, onychomycosis, and paronychia.17,19–21

In recent years, the number of Fusarium onychomycosis
cases in immunocompetent patients has increased signifi-
cantly.17,22 Guilhermetti et al.17 reported a 7.5% incidence of
confirmed cases of onychomycosis by Fusarium spp. and
Fusarium oxysporum (F. oxysporum). The latter is one of the
most common and pathogenic of the genus Fusarium and is
the specie that has been mostly isolated.18,22

In humans, this specie is an important emerging pathogen
due to the increasing number of severe cases reported and its
wide-ranging resistance to antifungal drugs.23,24 The increase
in F. oxysporum infections in immunocompetent patients is
an important aspect; thus, the evaluation of the biological
and physicochemical effects of F. oxysporum on the skin of
healthy rats and their relation with induced apoptosis is of
utmost importance.
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It is well recognized that techniques based on infrared radi-
ation provide an important route to access chemical bonding
information of biological tissues.25–30 This can be done by
exploring the finger print characteristics of the optical absorp-
tion bands in this spectral region. Among these methods, Fourier
transform infrared photoacoustic spectroscopy (FTIR-PAS) has
the special characteristic of allowing depth profile studies to
detect the penetration and interaction of substances in biological
tissues.31–33 It can be applied for measurements at clinical con-
ditions because minimal sample preparation is needed. It is a
nondestructive method and permits inspection in opaque and
highly scattering samples.

Therefore, the aim of this study was to investigate the bio-
logical and physicochemical effects of a crude extract (CE) of
F. oxysporum on the skin of healthy rats. The FTIR-PAS spec-
troscopy was applied to evaluate the induced physicochemical
structural changes and their relation with the occurrence of
apoptosis.

2 Materials and Methods
The study protocol was reviewed and approved by the Local
Ethics Committee for Animal Experimentation of the
Universidade Estadual de Maringá (UEM), under protocol num-
ber 005/2010 and statement 080/2010.

2.1 Fungal Isolate and Culture Conditions

The F. oxysporum sample used in this study was previously iso-
lated from an onychomycosis patient at the Teaching and
Research Laboratory of the Departamento de Ciências
Básicas da Saúde, UEM, Maringá, Paraná, Brazil. The fungus
was peaked in Petri dishes containing potato dextrose agar and
incubated for 7 days at 25°C. Three 5-mm discs were removed
from the culture and placed into flasks containing 200 mL of
Czapek–Dox (CZ) medium, which had been adjusted to a pH
of 5.5 and sterilized at 120°C for 20 min. The flasks were main-
tained at a 70-rpm orbital agitation during 15 days at 25°C.

Next, the culture was sterilized at 120°C for 20 min and fil-
tered with Whatman filter paper No. 1 for mycelium removal.
The filtration product was sterilized on a Millipore filter with a
0.45-μm pore size and dialyzed against the distilled water over-
night. The obtained extract, referred to as CE, was maintained at
4°C until use. As an experimental control, 100 mL of CZ
medium were produced and exposed to the same condition
as that used for the fungus-containing medium.

2.2 Experimental Procedures

Male Wistar rats weighing 150 to 200 g were used. The animals
were kept in polypropylene boxes at a ratio of four animals/box
in an environment with a controlled temperature of 22� 2°C,
50% humidity, and a light-dark cycle of 12 h, with water and
food ad libitum.

While under anesthesia with sodium thiopental (40 mg∕kg),
an area of 1.5 cm2 on the back, near the cervical region of each
animal, was epilated 2 days before the topical application of the
solutions. This procedure was adopted in order to avoid inflam-
matory reaction that would interfere in the results interpretation.
On the day of the experiment, 50 μL of the CE or 50 μL of the
CZ medium were topically applied to each animal of the exper-
imental and control groups, respectively. The animals were sac-
rificed 3, 6, 12, and 24 h after the application of the solutions.

2.3 Physicochemical Analysis of the Skin by
FTIR-PAS

For the physicochemical analysis of the skin following topical
application of either the CE or the CZ medium, two animals/
time were used for each experimental group. After each animal
sacrifice, the skin containing both epidermis and dermis was
removed and sent immediately for ex vivo analysis using an
FTIR spectrometer (Varian, Model 7000) equipped with an
MTEC model 300 photoacoustic detection cell. Each skin sam-
ple was positioned inside the cell chamber with its epidermal
side upside down allowing the radiation to excite the dermal
region, the opposite side in relation to where the CE or the
CZ medium was applied, as illustrated in Fig. 1. After that
the cell chamber was purged with the helium gas for approxi-
mately 5 min to remove air moisture, and subsequently it was
sealed to perform the measurements. This procedure increases
the sensitivity of the technique and minimizes spectral interfer-
ence from loosely bonded molecules of the air such as CO2. All
the spectra were collected in the rapid scan mode in the spectral
range between 4000 and 400 cm−1, with 4 cm−1 resolution, an
average of 28 scans and the interferometer mirror velocity (v) of
0.64 cm∕s (10 kHz). The reference spectrum was acquired by
the use of a carbon black sample.

The depth analysis in the sample was estimated through the
thermal diffusion length (cm) as μ ¼ ½Dλ∕ð2πvÞ�1∕2, in whichD
is the sample thermal diffusivity (cm2∕s) and λ is the incident
radiation wavelength (cm). This parameter is the dimension over
which the thermal wave decays to 1∕e of its original amplitude
and can be used in the analysis as approximately the sampling
depth where the PAS signal is generated. In our experimental

Fig. 1 Representation of the skin topical application of the Fusarium oxysporum crude extract (CE) or Czapek–Dox (CZ) culture medium, and the
sample positioning in the photoacoustic cell.
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conditions, using the skin thermal diffusivity measured before as
4.1 × 10−4 cm2∕s (Ref. 34) and v ¼ 0.64 cm∕s, we can calcu-
late the values of μ according to the incident radiation wave-
length, being, e.g., 2.8 μm at 1250 cm−1 and 1.7 μm at
3850 cm−1. Therefore, since the exciting radiation was incident
on the dermal side of the skin and the application of the CE and
CZ medium was done on the epidermal side, the detection of
optical bands would be an indication that the formulation pen-
etrated throughout the skin.

2.4 Histological Study

The histological studies were performed in four animals for each
time interval after the formulations’ application in both exper-
imental and control groups. After killing, the skin was collected
and fixed in 4% paraformaldehyde for a period of 24 h. The skin
was then processed for paraffin embedding. Semi-serial 7-μm
thick sections were prepared and placed on slides. The samples
were used for the following techniques: (a) hematoxylin and
eosin (H&E) staining for the morphological observation and
morphometric analysis of the epidermis and dermis thickness;
(b) sirius red (picro sirius) staining for the analysis of the
area occupied by collagen in the dermis; (c) immunohistochem-
ical in situ detection of fragmented DNA [terminal dUTP nick
end labeling (TUNEL assay)] for the analysis of apoptosis in the
epidermis and dermis; and (d) immunohistochemistry using
anti-proliferating cell nuclear antigen (PCNA) to study the
cell proliferation in the epidermis and dermis.

2.4.1 Histomorphometric measurements

The skin morphology was observed microscopically to study the
occurrence of histopathological alterations, such as the presence
of inflammatory infiltrations or epidermis or dermis structure
alterations. The inflammatory reaction was graded as absent
(−), weak (+), moderate (+ +), or severe (+ + +) in accordance
with the frequency of cells in the dermis. Ten histological sec-
tions/animals were analyzed. The observations were performed
with an Olympus BX41 microscope adopting the double-blind
method. The two different researchers who made the observa-
tions did not know which slides contained the control or the
treated skins.

For the morphometric analysis of the epidermis and dermis
thicknesses, histological section images were captured using an
Olympus BX41 optical microscope with a 10× objective
coupled to a QColor 3 Olympus camera. The measurements
were acquired using the Image Pro Plus® software, version
4.5 (Media Cybernetics). The images from 10 sections/animals
were analyzed, and 200 measurements/animals were separately
recorded for the epidermis and dermis. The results are expressed
as the mean� standard error.

2.4.2 Analysis of area covered by the collagen fibers of the
dermis

The analysis of the collagen fibers of the dermis was performed
by light microscopy using optical polarization. This method
based on birefringence allows the collagen to be classified as
type I or III. For the morphometric analysis of the area covered
by collagen, standardized images of 12 fields of 0.8 mm2∕
animals were captured with a 20× objective. The image capture
was performed with the same illumination intensity and was
digitized and analyzed with the Image Pro Plus® software

(Version 4.5, Media Cybernetics). The results are expressed
as the mean� standard error in μm2.

2.4.3 In situ detection of fragmented DNA—terminal dUTP
nick end-labeling (TUNEL assay)

DNA fragmentation was examined using an apoptosis detection
kit (ApopTag® Peroxidase, Chemicon). After deparafinization
and rehydration, the slides containing the histological sections
were subjected to enzymatic digestion with 20 μg∕mL of pro-
teinase K for 5 min, treated with 5% hydrogen peroxide (30 vol-
umes) for 20 min to block endogenous peroxidase, and washed
with 0.1 M PBS with pH 7.4. The sections were then immersed
in equilibration buffer for 10 min and incubated with a solution
containing the enzyme terminal deoxynucleotidyl transferase at
37°C for 1 h. The sections were washed in PBS and incubated
with the conjugated anti-digoxigenin peroxidase and peroxidase
substrate to detect apoptosis signs stained in brown.
Counterstaining was performed with Harris hematoxylin. The
immunostaining on the epidermis and dermis was performed
based on the frequency of the cells stained adopting the follow-
ing classification: absent (−), weak (+), moderate (+ +), or
strong (+ + +).

2.4.4 Identification of cells under proliferation (PCNA)

The detection of cells undergoing proliferation was performed
using the primary antibody anti-PCNA (Zymed). After depara-
finization and rehydration, the histological sections were sub-
jected to antigenic recovery in a citrate buffer with a pH of
6.0. The primary antibody anti-PCNA (1∶100) was incubated
for 60 min at room temperature (RT). A commercial kit
(Histostain® Plus Mouse Primary DAB Zymed) was used at RT
for detection. The sections were counterstained with Harris
hematoxylin. The immunostaining on the epidermis and dermis
was classified as absent (−), weak (+), moderate (+ +), or strong
(+ + +) based on the frequency of the cells stained.

2.4.5 Statistical analysis

The results of the collagen-covered area and skin thicknesses
were subjected to statistical treatment. All the data were ana-
lyzed with Kolmogorov–Smirnov, D’Agostino and Pearson,
and Shapiro–Wilk normality tests. When the data did not
have a normal distribution, an analysis of variance and the
Kruskall–Wallis nonparametric test along with the Dunn post
test were used. A 5% significance level was used (P < 0.05).

3 Results and Discussion
The obtained CE is a complex mixture produced by fungus
growth, which includes metabolism products such as secondary
metabolites like mycotoxins. The extract also contains partially
digested culture medium residue components. The spectral
analyses of organic compounds by FTIR represent a method
for obtaining a “fingerprint” of the molecules, i.e., allowing for
their identification from the recognition of the functional groups
to which they belong. The bands between 1700 and 1500 cm−1

have been related to amides I and II, and they are frequently used
as an indicator of secondary protein structure.35,36 The bands
between 3000 and 2830 cm−1 are related to the symmetric
and asymmetric stretching of ─C─H groups in proteins and lip-
ids36,37 and those between 3800 and 3000 cm−1 to the OH− and
amine (N─H) molecules.36 It is known that the identification of
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amides I and II and ─C─H groups may allow the monitoring of
conformational changes detected by the vibrational variations of
these molecules when subjected to a state different from that
considered in physiological tests.38

Figures 2(a) and 2(b) show the FTIR-PAS absorption spectra
between 1900 and 1250 cm−1 of the dermis of rats without the
application of any substance and at 3, 6, 12, and 24 h after the
topical application of both CZ culture medium or F. oxysporum
CE. The changes in the absorption bands suggest structural
alterations of amide I (1720 to 1580 cm−1), amide II (1580
to 1470 cm−1) and ─C─H (1470 to 1350 cm−1) groups, which
occurred in the dermis after the topical application of the F. oxy-
sporum CE. These spectral modifications may imply that the
dermis underwent physicochemical changes that were not
observed in the untreated normal skin or the skin on which
the culture medium was applied. The region around 1900 to
1700 cm−1 was more intense for the 3 and 24 h control samples.
One possible explanation for this difference may be the presence
of higher amounts of adipose tissues in the illuminated areas. We
should stress that this spectral region was not considered in our
interpretation. Moreover, Fig. 3 shows the FTIR data in the spec-
tral region between 3850 and 3000 cm−1. It is observed that the
OH− and amine (N─H) bands presented an increase in their
intensities with time after the application of both CE and CZ
medium. Once these bands are present in both, this result con-
firms that the CE and CZ medium permeate through the skin
reaching the dermal region. Therefore, our hypothesis is that
the physicochemical changes in the skin dermal side observed
from the FTIR-PAS data strongly suggest that either partial or
complete extract permeation occurred and then produced the
observed skin structural alterations.

Figure 4 shows the behavior of the peak area at approxi-
mately 1370 cm−1 within the ─CH3 group region (1350 to

1480 cm−1) for 3, 6, 12, and 24 h after the topical application
of the F. oxysporum CE. The control point (t ¼ 0) represents the
peak area of the dermis without the application of any substance.
In the infrared region, the ─CH3 group also gives rise to absorp-
tion in the 1460 cm−1 region. At this frequency, the molecule
has an asymmetric bending vibration mode. This group also
has vibrational characteristics at 1374 cm−1, which is a symmet-
ric bending vibration mode.36 The spectra obtained for the epi-
dermis and dermis after the application of the CZ medium
showed different behavior from that observed after the applica-
tion of the CE, suggesting that the medium and extract have dif-
ferent contributions to the potential structural changes of the
highlighted groups (amide I, amide II, and ─CH3) as evidenced
in Fig. 2(b).

Histopathological evaluation did not show macroscopic
changes on the skin surfaces of the rats treated with the F. oxy-
sporum extract. However, during the microscopic examination
of the sections stained with H&E, the following changes were
detected: (1) red cells were observed on the surface of the skin
(at 3 and 6 h), (2) keratinocytes were present on the epidermis
with a bright, perinuclear halo that is typical of hydropic alter-
ations, mainly at 3 h, and (3) the cell number increased on the
dermis, and the cells were diffusely localized, particularly for
the higher frequencies of fibroblasts and macrophages, but
few neutrophils and no formation of typical inflammatory infil-
trates were observed, as shown in Fig. 5. The inflammation
score is shown in Table 1.

Skin morphometry analysis showed the epidermis of the ani-
mals treated with the CE were thicker (P < 0.05) after 6, 12, and
24 h [Fig. 6(a)]. The dermis was thicker after 12 and 24 h
[Fig. 6(b)]. For the animals treated with the CE and death
after 3 and 6 h, the thicknesses of the dermis were significantly
reduced [Fig. 6(b)]. Bhavanishankar et al.39 suggested that
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Fig. 2 Spectra of the dermis of rats obtained by Fourier transform infrared photoacoustic spectroscopy (FTIR-PAS) showing the regions corresponding to
the amide I (1720 to 1580 cm−1), amide II (1580 to 1470 cm−1), and─CH3 group (1470 to 1350 cm−1), performed at 3, 6, 12, and 24 h after the topical
application of the F. oxysporum CE (a) and after the topical application of the CZ culture medium (b). The dermis without any substance applications is
also shown.
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several toxins produced by Fusarium act in different manners
when they appear in different combinations. The authors evalu-
ated the variations in epidermis thickness in vivo in guinea pigs
after the topical application of isolated toxins or a combination
of toxins produced by F. oxysporum. The epidermal thickening
by T2 toxin combined with either FXor butenolide (Bd) was
greater than by T2 alone. This finding indicates an antagonistic
relationship between these toxins. A greater thickness occurred
upon the application of a combination of DAS, which is a tri-
chothecene toxin, and Bd, which is a nontrichothecene toxin,
suggesting a synergistic toxic effect by this combination.

In the dermis of the animals treated with the CE, the area
covered by collagen type I increased after 3, 6, and 12 h,

and the area covered by collagen type III increased after 3,
6, 12, and 24 h compared to the dermis of the animals treated
with the culture medium [Fig. 7(a)]. For all the evaluated time
points, the total area covered by collagen was larger (P < 0.05)
in the groups treated with the CE [Fig. 7(b)]. Figure 7(c) shows
the proportion of collagen III:I. The greatest disparity in the ratio
of the collagens fibers (6 and 24 h) occurs after the maximum for
death (3 h) and proliferation (12 h) of fibroblasts. With the death
of cells (fibroblasts), the matrix is reabsorbed. A slight decrease
in the mature collagen, type I, is observed in skin treated with
the CE. With the formation of new cells, a matrix is produced,
and the increase in the immature collagen, type III, is observed.
In the control group, a balance in the proportions of the types I
and III fibers could be observed.

TUNEL immunohistochemical reaction to the stained apop-
totic cells results are shown in Table 2 and Figs. 8(a) and 8(b).
The basal layer of the epidermis showed the highest frequency
and positive intensity after labeling with TUNEL, followed by
the Prickle-cell layer and the other layers that had more diffuse
labeling. In the dermis, fibroblasts and hair follicles cells were
the most immunostained cell types. The strong staining of the
follicles was most likely due to its involutive process that
occurred after epilation.40 A large number of stained cells
were observed in the skin tissue and panniculus carnosus
muscle cells. In a previous study, we reported the occurrence
of programmed cell death in these same tissue types after the
intradermal administration of a F. oxysporum CE that was
grown under the same conditions.41 These results demonstrated
the potential permeation capacity through the skin and the harm-
ful effects of this extract, even after a single application.

The capacity of apoptosis induction on basal cells within the
epidermis after a topical application of the Fusarium T2 toxin
was shown in a model of Wistar rats WBN/ILA-Ht.42

Albarenque and Doi43 found a 40% decrease in the viability
of keratinocytes in primary culture after 3 h, with evolution up
to 12 h after the administration of T2 toxin. These authors used
an in vitro model. Morphological alterations (e.g., chromatin
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condensation and margination and nuclear fragmentation, all of
which are characteristics of cells undergoing apoptosis) were
also recorded by optical and electron microscopy. In particular,
the potential of programmed cell death induction has been attrib-
uted to trichothecenes,42–46 which are molecules that have
molecular weights of 250 to 500 Da.47 In the present study,
using a dialysis membrane with a molecular weight cut-off of
12 to 16 kDa may have removed the trichothecenes from the
CE; thus, the induction of apoptosis could be attributed to other
extracted components with toxic potential. Another hypothesis
includes the formation of complexes between smaller molecules
that can reach molecular weights >16 kDa. These complexes
would not be eliminated in the dialysis process and could main-
tain their toxic potential, inducing the apoptosis observed by
TUNEL.

It is important to observe that the period with higher intensity
of TUNEL, 3 h after CE application, coincides with the most
pronounced structural changes observed in the FTIR-PAS data,
revealed by the modifications in the optical absorption bands
associated with the ─CH3 group, at 1370 cm−1. A similar result
was detected in the controls, suggesting that there were struc-
tural changes that could be related to the process of programmed

cell death in the skin treated with the fungal extract. Marder
et al.48 reported that the optical absorption band at 1374 cm−1

was related to the presence of mycotoxins produced by B.
sorokiniana.

Table 3 and Figs. 8(c) and 8(d) show the results obtained
after the immunohistochemistry reaction to detect anti-
PCNA-positive cells. The results showed that there is a thicken-
ing of the epidermis within 6, 12, and 24 h after the application
of the CE. The strong labeling of PCNA, the expression of
which increased in the G1 and S phases of the cell cycle,49–52

Fig. 5 Rat skin photomicrography after the topical application of the CZ medium (a) or F. oxysporum CE (b, c, and d). Note the normal skin morphology
24 h after the medium application in (a). In the skin treated with the CE, the number of dermal cells (b), hydropic alterations (arrows, c), and red cells on
the skin surface (arrow, d) increased after 3 h (H&E).

Table 1 Score representing the frequency of skin inflammatory cells 3,
6, 12, and 24 hs after the topical application of the Czapek–Dox (CZ)
medium or the F. oxysporum crude extract (CE).

3 h 6 h 12 h 24 h

CZ + + + + + + +

CE + + + + + + + + +

(−) absent, (+) weak, (+ +) moderate, and (+ + +) severe.
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Fig. 6 Thickness measurements (μm) of the epidermis (a) and dermis
(b) 3, 6, 12, and 24 h after the topical application of the CZ medium
or F. oxysporum CE. *P < 0.05 when compared to the control at the
same time point, N ¼ 4 animals∕time.
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indicates an increase in the proliferative activity of this tissue
after 3 h and moderate labeling after 6, 12, and 24 h.
However, as shown above, strong TUNEL was observed at
3 h, and a moderate level of labeling was observed after 6,
12, and 24 h. We believe that the epidermis thickening
would reflect the changes in the kinetic activity of the keratino-
cytes, i.e., stimulating the proliferative activity because of an
increased cell death after the topical application of the extract.
As shown before, the skin is one of the entrance of Fusarium.16

It is able to break the epithelial barrier inducing cutaneous
lesions known as fusariosis.18 Then, it is reasonable to suppose
that the topical application of the CE may be able to temporarily
modify the epithelial permeability resulting in cutaneous dehy-
dration because of the higher concentration gradient of the CE in
the dermis, with consequent changes in its thickness, as
occurred 3 and 6 h after the extract application. In the same
period, a number of keratinocytes showed hydropic changes,
a reversible state resulting from cellular injury.53

The skin response after topical application differed from that
observed after the intradermal inoculation of the F. oxysporum

CE. Although the number of inflammatory cells in the dermis
increased, there was no formation of typical inflammatory
infiltrate. The most frequent inflammatory cells were macro-
phages, followed by a small number of lymphocytes and neu-
trophils. These characteristics suggest that the epidermis has
exercised its barrier function, preventing the extract from
fully permeating.

The dermal fibroblasts were largely responsible for the
increased cellularity after the application of the Fusarium
extract. Fibroblasts are the cells responsible for the production
of extracellular matrix components. In vitro studies showed that
these cells are susceptible to the action of mycotoxins.53,54 We
observed that the dermal fibroblasts showed strong labeling for
cell death after 3 h and moderate labeling in other periods. In
contrast, the fibroblasts showed moderate positivity for prolif-
eration at 3 and 6 h, a peak at 12 h, and decay at 24 h.
Thus, these results indicate the pursuit of tissue component
replacement after the imbalance caused by an external agent.
The morphometric analysis of the dermis thickness and the
area covered by collagen support this hypothesis because
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Fig. 7 The area (μm2) covered by total collagen (a) and types I and III collagen fibers (b) and the proportion of collagen III:I (c) on the dermis of the rats 3,
6, 12, and 24 h after the topical application of the CZ medium or F. oxysporum CE. *P < 0.05 compared with the control group, N ¼ 4∕time.

Table 2 Terminal dUTP nick end labeling immunostaining score of the epidermis and dermis 3, 6, 12, and 24 h after the topical application of the
Fusarium oxysporum CE or CZ culture medium on the skin of Wistar rats.

3 h 6 h 12 h 24 h

CZ CE CZ CE CZ CE CZ CE

Epidermis + + + + + + + + + + + + + +

Dermis + + + + + + + + + + + + +

(−) absent labeling, (+) weak labeling, (+ +) moderate labeling, and (+ + +) strong labeling based on the frequency of the stained cells.

Journal of Biomedical Optics 095004-7 September 2013 • Vol. 18(9)

de Paulo et al.: Crude extract of Fusarium oxysporum induces apoptosis and structural alterations. . .



after 12 h, there was significant dermal thickening, which was
most likely due to increased collagen synthesis [Fig. 6(b)].

4 Conclusion
In this work, we demonstrated that the F. oxysporum CE could
permeate the epidermis and dermis, reaching the subcutaneous
tissue, inducing apoptosis of the cells in these tissues, and caus-
ing physicochemical changes in the organic molecules located
in the dermis. Considering that the animals were immuno-
competent, the proliferative and morphological changes
observed in this study were derived from a process of tissue
recovery after the irritating stimulation ended. We believe
that the procedure used in this work may be useful for future
studies in immunocompromised knockout animals to investigate
the dynamics of the physicochemical changes that may occur in
the infected tissues.
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