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In the sediment of the Blatuša peatland (central Croatia) qualitative and quantitative analyses of
pollen and non-pollen palynomorphs, together with charcoal particles were performed. Based on
the accumulated palynological taxa, the following zones were identified: Pinus - Fagus - (Ulmus)
(Zone 1, depth 210 - 175 cm), Fagus - Alnus (Zone 2, depth 175 - 85 cm), Poaceae - Fagus (Quercus) (Zone 3a, depth 85 - 45 cm) and Poaceae - Carpinus (Quercus - Fagus) (Zone 3b, depth
45 - 5 cm). According to the results of 14C AMS dating, deepest section of the core belongs to the
late Subboreal period. The composition of the local palynological taxa and the ecologically
indicative non-pollen palynomorphs indicates the dynamics of the hydrological regime as well as
the trophic conditions on the habitat, with occasional domination of species from the family
Cyperaceae, ferns Polypodiales or peat moss - Sphagnum. Based on accumulated non-pollen
palynomorphs four zones were identified: HdV-179 - Spirogyra (EINPP1, depth 210 - 165 cm),
Glomus - Spirogyra (EINPP2, depth 165 - 100 cm), Byssothecium circinans (EINPP3, depth 100 25 cm) and Assulina (EINPP4, depth 25-5cm). During the Zone 1 and 3b, the researched area was
a mosaic of wetland vegetation and wet meadows, with partially developed peatland vegetation.
Zone 2 is characterized by the relative local domination of the ferns, and Zone 3a by the relative
dominance of the peat moss. The shares of arboreal pollen, anthropogenic indicators, charcoal
particles and palynological richness point to the different intensity of anthropogenic pressure,
which is mostly pronounced in the period from the developed Middle Ages to the present. Charcoal
particles are evidence of regional and local fires as essential factors in succession processes. The
quantity and quality of the analysed palynomorphs enable us to apply the results of the
reconstruction of Holocene postglacial vegetation changes for the same period for a narrower area
of this site located at the southern border of the southern part of Central Europe.
Key words: charcoal, fire, non-pollen palynomorphs, pollen, succession, southern part of Central
Europe.

The use of histopathological semi-quantitative scoring approach in zebrafish embryo
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Zebrafish (Danio rerio) has proven to be a highly useful model organism in many toxicological studies,
and is the ideal experimental organism in ecotoxicology and pharmacology. Nowadays, due to the
strict regulations in animal experiments ethical considerations and implementation of 3R principles,
the early life-stage test using the zebrafish embryo, up to 120 hours post fertilisation, become one of
the most widely used tools for understanding of how chemicals in our environment affect aquatic
organisms. Despite the increasing use of novel molecular techniques in pathology, histopathology has
initially been and is still used as standard diagnostic tool in human and veterinary medicine. However,
multi-parametric and semi-quantitative scoring of a lesion magnitude has become a common
approach to handle histopathologic information in biomedical research in order to obtain more
relevant and statistically significant results.
Experimental setup included 48 hours exposure of zebrafish embryos to wastewaters collected within
and downstream of the WWTP, and evaluation of toxic effects using biomarkers on tissue and the
whole organism level during an early onto-genesis. In this study, we focus on the proposal of a new
approach concerning the application of histopathology scoring system using light microscopy imaging.
First, histopathological alterations of zebrafish embryo eye, brain, trunk and tail were described in
detail. Second, to all observed histopathological alterations a reaction pattern was given (1 - 3)
according to the pathological severity (Table 1). Next, each alteration was assessed and quantified
using a scoring system ranging from 0 to 6, depending on the degree and extent of the alteration
as follows: (0) none; (1 - 2) lower incidence; (3 - 4) medium incidence and (5 - 6) high incidence.
Intermediate values were also considered. Scored index for each alteration was obtained by
multiplying histopathological alteration index with severity, and a body part score was derived from
the sum of scored indexes.
Using this approach, we were able to observe statistically significant differences between embryos
exposed to different samples including the degree of alterations between different parts of the
embryo. This procedure resulted in a much more sensitive semi-quantitative histopathological
assessment of waste water induced changes in zebrafish embryo tissues. Obtained results showed
that using this novel approach on zebrafish embryos can be used as a valuable tool for potential toxic
evaluation of waste waters. Therefore, we encourage other researchers to use this scoring system for
ecotoxicological assessment using zebrafish embryos.

Table1. Reaction pattern and scoring system for semi-quantitative histopathological alteration
assessment

Scoring
system
Brain

Eye

Trunk

Tail

Reaction pattern index
1

2

3

Irregular cell
compactness

Cloudy swelling of
brain tissue

Reduced brain tissue mass

Dilated brain ventricles

Nuclear alteration
of brain tissue

Defective organization in the
forebrain/midbrain/hindbrain

Poorly organized retina

Undeveloped eye
cup

Eye deformity

Undeveloped lens

Lens dysplasia

Necrosis

Tissue blood
accumulation

Lifting of muscle
fibres from basal
membrane

Yolk sac oedema

Disrupted myofibril
architecture/structure

Notochord
deterioration

Necrosis

Blood accumulation

Lifting of muscle
fibres from basal
membrane

Curving of tail tip

Disrupted myofibril
architecture/structure

Notochord
deterioration

Tail tip necrosis
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Biocompatible nanoparticles with flavonoids in food products mission
Čadež V (1), Domazet Jurašin D (1), Bosnar S (2), Stojaković E (1), Dutour Sikirić M (1),
Baranović G (3), Popović J (4), Šegota S (1)
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Flavonoids have a key role in plant growth and development and their protection from all kinds of environmental
stress like UV radiation, heat, coldness and numerous parasites [1]. In spite of their extraordinary therapeutic
potential, their use is very limited because of low solubility in water and fast metabolic degradation in organism.
Bioavailability of quercetin when applied orally is only 1% in humans. When applied intravenously, from the initial
concentration of 100 mg in plasma, after 3 hours only micromolar concentrations are present. Flavonoid loading
of nanoparticles (NP) could significantly improve the oral administration of flavonoids, protecting them from
degradation in digestive tract and ensure extended release of the active substance. In order to fulfil these
requirements, NP must also be stable enough. Two investigated groups of NP are inorganic and organic NP.
However, neither one of them possesses the wanted properties.
The goal of our work was making of a functional prototype of biodegradable NPs having built-in flavonoids as an
original solution up to date not present on the market. Such NP have a capacity of flavonoid integration greater
then presently achieved 2 % of NP mass [2] and ability of controllable release. NP will resolve the problem of
chemical instability of flavonoids and their low solubility in water. Specifically, the activity of myricetin and
myricitrin, was investigated. Myricetin exhibits strong activity in radical scavenging. Myricitrin exhibits an
extraordinary antioxidative, anti-inflammatory and anti-nociceptive activity [3]. As a reference quercetin was
used.
There are two possible types of projects risks: a) NPs will not possess the expected capacity of flavonoid
adsorption and b) NPs loaded with flavonoids will not release them in satisfactory rate. The developed NPs
prototype with a high capacity for flavonoid incorporation primarily intended for the food industry and
biotechnology contributes to the recognition of flavonoid organization within nanostructured nanotubes and
provides a deeper insight into the flavonoid release mechanism at the molecular level, depending on the medium
in which NP is applied. A huge potential for the use of mesoporous silica NPs has been confirmed to incorporate
not only flavonoids as bioactive molecules, but also other drugs. The direction of their further development
depends on their application in several areas:
a)
In the food industry and biotechnology, it is necessary to further optimize for their specific application,
e.g. NPs as stabilizers in the preservation of food oils and their products. For this purpose, functionalized NPs
with the overlays would have been developed that would have the appropriate stability and controlled release
of bioactive molecules whether in water or in the non-aqueous medium. Furthermore, the process would also
be formulated adaptation of multifunctional NPs production from laboratory conditions to industrial level.
b)
new directions for specific functionalization of NPs and optimization and selection of NP coatings would
be developed to obtain NPs that could potentially be found in the pharmaceutical industry and nano-medicine
as - of various drugs under physiological conditions.
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Morphology and Structure of TiO2 Thin Films and Nanostructures
Deposited on ZnO Nanorods for Photovoltaic Application
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Nanostructured titanium dioxide is known as a material with excellent physical and chemical
properties, such as high specific surface area, high photo-activity and environmental stability
as well as low cost synthesis. TiO2 exists in three different crystalline phases: anatase, rutile
and brookite, but it was found that anatase (Eg ~ 3.2 eV) is more photo-active than other
modifications. It is widely used for photovoltaic applications, primarily as electron transporting
layer in perovskite and dye sensitized solar cells due to suitable band gap for acceptance of
electrons from active layer of solar cells. However, by combination of high reactivity of TiO2
together with the large binding energy of ZnO, the process of electron transfer between the
corresponding conduction and valence bands can be facilitated in the composite system.
With the aim to prepare high performance TiO2@ZnO core–shell nanostructure for
photovoltaic application, in this work TiO2 was deposited on ZnO nanorods by pulsed laser
deposition (PLD) and magnetron sputtering (MS). We studied influence of the preparation
parameters to crystal structure and morphology of nanocomposite and correlate them with the
optical and electrical properties.
ZnO nanorods (ZNR) arrays were prepared by sol-gel procedure followed by annealing of
nanorods to obtain crystallinity. TiO2 thin films were prepared on ZNR using PLD in Ar or
vacuum and by reactive MS with the aim to select the preference deposition procedure. The
structural phase of TiO2 were preliminary studied by confocal micro-Raman spectroscopy
(mRS), while morphology and crystal structure on nanoscale were studied by high resolution
electron microscopy; JEOL-ARM300 microscope in HAADF-DF mode and FEG-SEM JEOL
JSM-700F. The optical properties are evaluated by UV-vis spectroscopy, while for electrical
characterization impedance spectroscopy was applied.
Raman spectroscopy results indicated that TiO2 thin films prepared by MS and PLD were
amorphous after deposition (Fig. 1). The SEM images show that heating of the samples after
deposition did not influence the morphology of TiO2. The annealing temperature for
crystallization were optimised to obtain anatase structure, since mRS study showed the
formation of rutile already at temperature between 450 and 500 °C (Fig. 1). It was shown that
morphology of the TiO2 layers obtained by PLD considerably depend on preparation
atmosphere and the number of pulses (Fig. 2). In the case of preparation by MS the attention
should be focused on reactive magnetron atmosphere as well as on the pre-treatment of the ZNR
substrate, while it was shown that morphology of the MS deposited TiO2 depend on deposition
duration (Fig. 3). The obtained phase composition and morphology of the TiO2 will be
discussed in the frame of the preparation parameters, while optical and electrical properties of
prepared TiO2@ZnO core–shell nanostructure will be discussed in the view of structure and
morphology of the obtained TiO2 layers.
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Figure 1: Raman spectra of TiO2 deposited by PLD: a) in 30 Pa argon and b) in vacuum. Full
lines denoted the positions of anatase Raman bands, position of ZnO band from nanorods are
denoted by dotted line, while position of rutile band is denoted by arrow.

Figure 2: SEM of TiO2 deposited by PLD: a) 5000 pulses, vakuum and b) 7500 pulses, Ar.

Figure 3: SEM of TiO2 deposited by magnetron sputtering: a) 1h deposition and b) 3 h
deposition.

