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Mycotoxins are secondary metabolites of various molds
presenting a health hazard for humans and animals, the
literature data showing the frequent presence of these
substances worldwide in a variety of products for human
and animal consumption [1-4].

Patulin - PAT (4-hydroxy-4H-furo[3,2c]pyran-2[6H]-one)
is a mycotoxin produced by several Penicillium, Aspergillus
and Byssochlamys species [5] which is found in significant
concentrations in ripe apples, but also in other fruits such
as pears, oranges and grapes [6] and contaminates fruit
and vegetable products, especially apple juice and cider
[7-9].

This mycotoxin, initially considered as having antibiotic
properties [4], exerts toxic effects, produces chromosomal
disasters and possible carcinogenicity [10, 11], inducing
alteration of gastro-intestinal functions, but also various
pathological changes in nephron [12, 13]. In the studies on
the field PAT is considered to be embryogenic, mutagenic
and teratogenic [14-16], induces developmental and
reproductive toxicity and immunotoxicity [17, 18], acting
on covalent bonds in cellular nucleophiles, especially on
the thiol groups of proteins and glutathione [19-21].

The literature data, also, highlights an electrophilic
reactivity of PAT leading to the formation of covalent
adducts following interaction with electrophilic chemical
agents, PAT intoxication leading to rapid degradation of
glutathione, both in vivo and in vitro [22, 23]. Mycotoxin
interacts, in the same time, with cysteine, lysine and
histidine residues from the peptides and proteins, the most
damaging effects of PAT treatment due to the formation of
these complexes [24, 25].

Kojic acid - KA (5-hydroxy-2- (hydroxymethyl) -4-pyrone)
is a fungal metabolite produced by Aspergillus, Penicillium
and Acetobacter species [26] and it is widely utilized in
cosmetics and pharmaceutics industry as a skin-lightening
[27] due to its depigmentation activity, as well as as a food
additive to prevent food browning [28].
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Literature data [29] suggest an antimelanogenic effect
of KA involving keratinocytes, the mechanism by which
this natural product interferes in the interaction between
keratinocytes and melanocytes being not fully elucidated.
At the same time, KA has a multitude of other biological
properties including antioxidant capacity, antitumor activity,
potent tyrosine-inhibition properties [30, 31], as well as
the ability to act on immune cells, including neutrophils
and macrophages cells [32]. Also, are recognized the
effects of this metabolite on Leishmania amazonensis
species, both in vivo and in vitro, the ability of KA to cause
the death of this species due to the massive accumulation
of reactive oxygen species (ROS) as a result of
immunomodulation and proinflammatory cytokines
induction [33, 34].

The purpose of this study was to test the biochemical
and physiological response of Danio rerio to the application
of PAT at concentrations of 70 ìg/L and KA at concentrations
of 100, 204 and 284 mg/L.

Experimental part
Drug administration

PAT (70 µg/L) and KA (100 mg/L, 204 mg/L, and 284
mg/L) were administered by immersion to zebrafish once
daily for 7 days period before the behavior testing.

Fig. 1. Chemical
structure of PAT

Fig. 2. Chemical structure of
KA

Methods
The activity of catalase (CAT) was determined by the

Sinha spectrophotometric method, glutathione-peroxidase
(GPX) by the Fukuzawa and Tokumura method by
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spectrophotometric dosing of the resulting compound
following the reaction between reduced excess glutathione
after reaction with hydrogen peroxide, with 5,5'-ditiobis-2-
nitrobenzoic acid, and the concentration of malon-
dialdenide (MDA) by the 2-thiobarbituric acid method,
adapted according to Dobrian et al., 2001 [35-38].

Behavioral tasks
In our studies, a Logitech HD Webcam C922 Pro Stream

camera recorded zebrafish behavior, and the videos
analyzed using ANY-maze®software (Stoelting CO, USA).

Novel tank diving test (NTT, anxiety test)
The position (bottom × upper levels) was considered

an index of anxiety, similar to the position near the wall
versus the center of an open field with rodents [39]. Fish
were transferred individually to a test aquarium
(24 × 8  × 20 cm;  width × depth × height)  and
filmed  for 6 min. The following parameters were analyzed:
(i) total distance traveled (m); (ii) entries in the upper zone
of the tank; and (iii) immobility time (s).

Y-maze test (memory test)
The Y-maze test was used to asses spatial memory in

zebrafish like rodents [40]. Each fish was tested individually
during 5 min session [41] and the percent spontaneous
alternation and the locomotor activity (the number of arm
entries) was recorded.

Results and discussions
Zebrafish is a freshwater vertebrate fish belonging to

the Cyprinidae family, whose popular name derives from
the longitudinal pigmented stripes throughout its body. This
species is often used as an experimental model for studies
on vertebrate development, biology of development, genetic
diseases, various toxicity tests etc. due to the rapid growth
rate, the high regeneration capacity, the short maturation
time, high productivity, low maintenance costs [13, 42-43].

Mycotoxins are secondary metabolites produced by a
wide range of fungi [44] (Penicillium, Aspergillus,
Acetobacter, Byssochlamys, Fusarium, Alternaria,
Phomopsis, Emericella, Cephalosporium, Myrothecium,
Trichoderma, Trichothecium, Neopetromyces,
Neotyphodium, Claviceps etc.) that contaminate
agricultural crops and aquatic environments, affecting
various species such as pigs, poultry, human organisms
and different fish species, at the lost ones, the mortality
and morbidity rates being more or less high and, at the
same time, strictly dependent on the concentration and
type of mycotoxin present, as well as the time of the
exposure time to it [45, 46].

Between the multiple effects of mycotoxins on cells, a
special place occupies the accumulation of free radicals,
the literature data highlighting the prioritization of studies
on the relationship between the presence of mycotoxins
and the decrease in cellular proliferation and the occurrence
of oxidative stress due to the increase of intracellular
production of reactive oxygen species and, implicitly, of
the lipid peroxidation level [47, 48].

 It is known that, under physiological-normal conditions,
ROS production is counterbalanced by their rate of
elimination, animal and vegetal organisms possessing fine-
tuning mechanisms for the level of free radicals (including
superoxide radicals, hydroxyl radicals and non-radicals of
H2O2 type), through the endogenous cellular antioxidants
such as SOD, CAT, GPX, GSH (reduced glutathione), as by
other non-enzymatic antioxidants [49].

The CAT activity, a hemoprotein of the oxidoreductases
class, varied from one experimental lot to another, in close
correlation with the nature and concentration of the applied
agent (fig. 1). Thus, if in the control group the enzyme had
an average activity level of 15.956±0.918 U/mg of protein
in the variant treated with PAT in a concentration of 70 µg/
L, activity decreased to less than half of the reference value
(7.226±0.423/mg protein), while in the experimental group
to which KA was added in a concentration of 100 mg/L, an
average activity threshold of 12.258±0.658 U/mg protein
was achieved.

In contrast, in the KA treated group in a concentration of
204 mg/L, CAT exhibited a peak activity value
(18.357±0.981 U/mg protein), while at the variant
containing the maximum concentration of KA (284 mg/
L), the enzymatic activity was slightly above the control
(16.258±1.002 U/mg protein). The activity differences
between the experimental variants and the reference group
could be explained by the fact that, under pathological
conditions generated by the presence of mycotoxins, ROS
accumulate in concentrations that could not be controlled
by the usual protective cellular mechanisms, which leads
to the installation of the oxidative stress and, implicitly, a
high level of lipid peroxidation, thing indicated, also, by
some studies in the field [50].

Fig. 3. CAT activity in Danio rerio treated with PAT and KA

PAT is mycotoxin from the group 3 (not classifiable as
its carcinogenicity to humans) with various cytotoxic
effects, among which we can mention the depletion of
glutathione, which leads to an increased ROS production
and the installation of oxidative disaster [4].

In our samples, GPX displayed a wide range of values,
as can be seen from the figure 4. Thus, in the control group
the enzyme exhibits an average activity of 0.175±0.0068
U/mg of protein, and in the PAT treated variant, respectively
KA in concentration of 100 and 204 mg/L respectively, GPX
has a decreasing activity trend with mean values of
0.113±0.009 U/mg protein (in PAT variant), of
0.097±0.0084 U/mg protein in the samples treated with
KA in concentration of 100 mg/L, respectively of
0.146±0.0076 U/mg protein in the variant containing 204
mg/L KA.

Our results are consistent with those in the literature
data [51], which reveals differences in the activity of
antioxidant enzymes (GPX, CAT, SOD) between the
experimental variants and the reference group, suggesting
that under stress the animals organisms are able to increase
the production of GPX for to remove the excess of hydrogen
peroxide generated by the dismutation of the superoxide
radical.

Lipid peroxidation is one of the metabolic processes
involved in reducing cell viability, a phenomenon due to
the presence of mycotoxins, knowing that MDA and ROS
have cytotoxic effects [4].
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If, in the reference variant, the MDA concentration
recorded the minimum level of 0.658±0.023 nmol/mg
protein (fig. 5), in treated batches with PAT (70 µg/L) and
KA (100 mg/L) this marker of lipid peroxidation reaches a
mean concentration level of 0.973±0.044 nmol/mg protein,
respectively, 0.956±0.042 nmol/mg protein. In the case of
samples containing the maximum concentration of KA,
the MDA level is slightly higher compared to the untreated
group, the mean values   being of 1.18 and 1.03 times
higher (0.778±0.029 nmol/mg protein, respectively
0.684±0.038 nmol/mg protein).

In explaining the results, the limit of the dosage method
must be taken into account, in the sense that, besides the
malonic aldehyde generated as a result of lipid
peroxidation, there are a number of other biological
molecules that can interfere with the thiobarbituric acid
used to dosing this cell marker, their concentration, largely

It seems that KA can induces macrophages activation
by increasing ROS production without cytotoxicity [32],
due to high oxygen consumption and reduced antioxidant
capacity, the brain being  sensitive to oxidative stress that
has a direct influence on the occurrence of neuro-
degenerative diseases [53-55]. Literature data has not
clearly demonstrated the existence of a direct connection
between PAT and neurodegenerative diseases, yet,
highlighting the neurotoxic effects of other mycotoxins on
animal cells [56, 57].

That is why another objective of our study was to
determine the influence that KA and PAT have on the
memory and anxious behavior in Danio rerio.

Fig. 4. GPX activity in Danio rerio treated with PAT and KA

Fig. 5. MDA concentration in Danio rerio treated with PAT and KA

depending, on the nutritional state that influences
intracellular levels of polyunsaturated fatty acids and
radical scavengers [4, 52].

Fig. 6. Effects of patulin (PAT, 70
µg/L) and kojic acid (KA, 100
mg/L, 204 mg/L and 284 mg/L)
on the behavioral parameters

(A - Representative locomotion
tracking patterns of control, PAT;

B - entries in the upper zone;
C - immobility time - s) in

zebrafish submitted to a novel
tank diving test. Data are

expressed as mean ±S.E.M.
(one-way ANOVA, n = 20)
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As shown in figure 6A, NTT tracking locomotor pattern
of the control group was demonstrated by regular
swimming all over the tank while this pattern was
attenuated by PAT and KA administration in a dose-
dependent manner. In figure 6B, administrations of PAT
decrease the number of entries in the upper zone of the
tank and slowly increase the immobility time (fig. 6C).
Additionally, administration of the KA decreased the
number of entries in the upper zone of the tank, especially
at the doses of 100 and 204 mg/L, whereas the immobility
time increased following administration of the KA
especially at the doses of 204 and 284 mg/L.

As can be seen in Fig. 7B, administration of PAT increased
the locomotory activity as evidenced by the number of
arm entries while the administration of KA induced a
variation of locomotor activity near the level of the control
group. Consequently, PAT increased the spontaneous
alternations percentage, while a decreased of the
percentage of the spontaneous alternation at the low dose
of KA was evidenced (fig. 7C). In figure 7A, Y-maze tracking
locomotor pattern of the control group was demonstrated
by regular swimming all over the tank while this pattern
was increased by PAT and KA administration in high doses.

Our results demonstrated that fish exposed to KA remain
in the bottom zone of the tank, demonstration anxiogenic
profile as compared to PAT administration. However, this
effect could be attributed to hypo-locomotion as evaluated
by an increase in the immobility time in the tank. In contrast,
both PAT and KA administration, especially in the high
doses, stimulated the memory formation, as evidenced by
an increased percentage of the spontaneous alternation in
the Y-maze. Our results are in line with previous reports,
concerning the neuroprotective effects of the manganese
complexes of KA [58].

Conclusions
The analysis of the experimental results on the influence

of PAT and KA mycotoxins on memory, anxious behavior
and oxidative stress in Danio rerio allowed us to formulate
the following general conclusions:

-If under cellular homeostasis, ROS production is
counterbalanced by their rate of elimination, in the event
of disturbance due to the harmful effect of mycotoxins on
cells, ROS accumulates in concentrations that cannot be
controlled by common protective cellular mechanisms.

-Applying mycotoxins treatment resulted in the
accumulation of high concentrations of ROS, which could
not be kept under the control of endogenous antioxidants
and led to the induction of oxidative stress and,
consequently, a high level of lipid peroxidation, the MDA
concentration being clearly superior, and GPX and CAT
activity was lower in the samples treated with PAT and KA
compared to the reference batch.

-The activity of antioxidant enzymes (GPX and CAT),
but also the MDA concentration were decisively influenced
by the agent applied, but also by its concentration in the
environment, the differences between the experimental
variants and the reference group, pointing out that at
moderate concentrations mycotoxins, animal organisms
are able to increase the production of antioxidant enzymes
to counteract the excess of generated ROS.

-Both PAT and KA induced significant effects on the
nervous system activity by slowly improving memory and
enhance of anxiety-like behavior.
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