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Tissue damage and embryonic malformation induced by aqueous
extract of Pteridium aquilinum on chorioallantoic membrane of
chick embryo (CAM)

Danos teciduais e malformacoes morfologicas induzidas pelo extrato

aquoso de Pteridium aquilinum sobre a membrana corioalantoide
(MCA) e 0 embriao de galinha

Amanda Leitolis'; Fernanda Gimenez de Souza?; Kelli Freitas®; Helyn Barddal*;
Laryssa Rauh’; Joceline Franco’; Luiz Fernando Pereira®™

Abstract

The aim of this study was evaluate the effects of Bracken fern (BF) (Pteridium aquilinum (L.) Kuhn.) on
biological systems. When consumed by animals can cause acute intoxication, hematuria, biochemistry
alterations and cancer. To humans the toxicity is associated with its intake on contaminated ground
water or milk and inhalation of its spores. In order to check the BF aqueous extract (AEB) deleterious
effects on animals blood vessels system, chick embryo chorioallantoic membrane (CAM) was used. It
were applying on CAM 0.1, 0.5, 1, 5, 10 e 15 pg/mL of AEB and saline as control. The angiogenesis
was analyzed and the vascular density index (VDI) calculated. The CAM samples were prepared and
stained with H&E to evaluation of microvessels, Masson’s trichrome to characterize collagen and fibrin
deposition and Picro-sirius used to evaluate collagen using polarized light. Also the morphological
aspects of embryos were analysed. We observe on the results of neovascularization that AEB did not
change significantly the number of vessels/mm?, however, membranes treated with AEB (5 or 10 pg/
mL) exhibit opacity and tissue fibrosis, both signs of inflammation. Histological analysis with Masson’s
trichrome and picro-sirius on tissues exposed to AEB respectively has shown increased collagen fibers
and presence of fibrilar collagen. The embryos exposed to concentrations of 5 or 10 pg/mL AEB,
showed changes as poor face formation and poor closing of abdominal wall. The highest concentration
of AEB (15 pg/mL) was lethal to embryos. Although significant effects on the CAM’s vasculature has
not observed, tissue aggression was detected, a desmoplasia (an extensive inflammatory signal triggered
by tissue injury), changes caused on embryos as well as the presence of toxic substances in the AEB
show us an important and deleterious pathway of this bracken fern extract on its intoxicants effects on
humans and animals, and even cancer or the death of animals.
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Resumo

O foco principal desse estudo foi avaliar os efeitos do extrato aquoso de Samambaia (EAS) (Pteridium
aquilinum (L.) Kuhn) sobre sistemas biologicos. A ingestdo das folhas de Samambaia pode provocar
intoxicac¢do aguda, hematuria, alteragdes bioquimicas e cancer se consumida por animais. Em humanos
também pode provocar intoxicacdo ao ser ingerida com agua ou leite contaminados e pela inalagdo
de seus esporos. Considerando os efeitos danosos provocados pelo consumo dessa planta esse estudo
analisou a acdo do EAS sobre um sistema de vasos sanguineos, a membrana corioalantéide (MCA) de
embrido de galinha. Sobre a MCA foram aplicados 0,1, 0,5, 1, 5, 10 e 15 pg/mL de EAS, salina como
controle. A angiogénese foi analisada e o indice de densidade vascular (IDV) calculado. Amostras da
CAM foram coradas com H&E para avaliagao de microvasos, Tricromico de Masson para caracterizagao
de colageno e deposicao de fibrina e Picro-sirius para analisar o coldgeno através de luz polarizada. Os
aspectos morfologicos dos embrides também foram analisados. Os resultados da neovascularizacao
mostraram que ndo houve mudanca significativa do numero de vasos/mm?. Entretanto, as membranas
tratadas com 5 ou 10 pg/mL EAS exibiram uma opacidade junto com um tecido fibroso, ambos sinais
de inflamagdo. Corroborando, as analises com Tricromico Masson e Picro Sirius, respectivamente,
apontaram para um aumento das fibras colagenas e presenca de colageno fibrilar. Embrides expostos as
concentragdes de 5 e 10 pg/mL do EAS sofreram malformacdes na face e na parede téraco-abdominal.
A concentracdo de 15 pg/mL foi letal para os embrides. Embora efeitos significativos na vasculatura
da MCA nao tenham ocorrido, observou-se desmoplasia (um grande sinal de inflamacao). Esse fato,
juntamente com as malformacdes no embrido e a presenca de compostos toxicos no EAS inferem, se a
planta for ingerida, uma via importante para explicar a intoxicacao de animais e humanos, e at¢ mesmo
o cancer ou a morte de animais.

Palavras-chave: Embrido de galinha. Membrana corioalantéide (MCA). Pteridium aquilinum.
Samambaia.

Introduction

Bracken fern (BF) (Pteridium aquilinum (L.)
Kuhn),
regarded one of the five most abundant plants on
the Earth and is present in all continents, except
(SMITH, SEAWRIGHT, 1995).
Among the important features of this genre, is its

Dennstaedtiaceae  family member, is

Antarctica

opportunistic behavior, which in forests recently
felled or burned, allows the large spread of this plant
that quickly turns into a weed difficult controllable
(ROOS et al., 2010).

In addition to the environmental impact caused
on other plant species by the abundance of bracken
fern, BF is one of few higher plants able to causing
cancer naturally in animals (MASUDA et al., 2011).
Furthermore, lot of intoxications are caused to this
plant, they depend on the species involved and the
amount consumed. Syndromes in farm animals have
been reported: thiamine deficiency, acute bracken
intoxication, retinal

progressive degeneration,

bovine enzootic hematuria and carcinomas in

the upper alimentary tract (PANTER et al., 2007,
VETTER, 2010).

In humans, BF toxicity is associated with
plant intake, direct exposure to contaminated
groundwater, milk intake from cows that consumed
BF and inhalation of the plant spores (ALONSO-
AMELOT, 1997; SHAHIN et al., 1999). Indeed,
there are many toxic and carcinogenics compounds
presents in BF, nevertheless, the ptaquiloside is
regarded its main carcinogenic agent (YAMADA et
al., 2007; VIRGILIO et al., 2015).

The
embryo (CAM) is a structure formed between five
and six days of embryo development by fusion of
membranes chorion and allantoic (RIBATTI, 2016).
Histologically comprises three main layers, the
ectoderm, the endoderm and the mesoderm, this
latter is enriched with blood vessels and stromal
components (MELKONIAN et al., 2002; RIBATTI,
2014). CAM is most commonly used for studies
of angiogenic effects (HAZEL, 2003; EUN, KOH,

choriollantoic membrane of chicken
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2004; FREITAS et al.,, 2013), tissue responses
to biomaterials (VALDES et al.,, 2002; KLUEH
et al., 2003) and effects of plants extracts and
drugs (MENG et al., 2008; BOLLER et al., 2015;
TOMAZELI et al., 2015). Considering BF has
several components with toxic effects to animals,
the aims of this study were evaluate the biological
effects of Pteridium aquilinum aqueous extract in
CAM vasculature and morphology of the embryos.

Material and Methods
Aqueous extract of BF (AEB) preparation

Leafs of Pteridium aquilinum (L.) Khun,
Dennstaedtiaceae, were collected in Experimental
Farm Gralha Azul of Pontifical Catholic University
of Parana (PUCPR), Fazenda Rio Grande, Curitiba
Metropolitan Region, Parana (Brazil) and identified
by HUCP Botanic Museum of Pontifical Catholic
University of Parana (PUCPR) (Voucher specimen
number 15128). After collected, leafs were dried at
room temperature and crushed to smaller fragments.
For aqueous extract preparation, 20 g of sample was
mixed with 200 mL of water under magnetic stirring
for 72 hours at room temperature and away from
light. For applying on CAM, the AEB was prepared
in concentrations of 0.1, 0.5, 1, 5, 10 e 15 pg/mL
and then, mixed to 0.5 mL of 1% saline gel.

CAM assay

All animal procedures were conducted after
approval of the Ethics Committee on Animal Use
at the Pontifical Catholic University of Parana
(CEUA — PUCPR, N° 356). Fertilized chicken eggs
(Gallus gallus domesticus) were kindly donated
by the DaGranja Ltda. Company (Mariental-PR,
Brazil) and incubated at 38°C and 55% relative
humidity. On sixtieth (6™) day of development (in
an automatic incubator), the eggs were cleaned with
ethanol 70% and CAM was exposed by opening
a window about 2 cm? in the egg shell. Then, the
implant formed by 0.5 mL of 1% saline gel plus

0.1,0.5, 1, 5,10 or 15 ug/mL of AEB (10 embryos
per group), were placed on the chorioallantoic
membrane, 0.5 mL of 1% saline gel alone was used
as control. The window was sealed with sterilized
plastic tape (3M™) and the eggs were returned to the
incubator. The implants were completely absorbed
after one week. All these procedures were developed
with sterile materials and environment. On day 13
of incubation, the windows were reopened, viewed
and extended to a diameter of about 3 cm? and the
response to the different concentrations of AEB was
photographed and analyzed by gross evaluation and
histological analysis.

Gross evaluation of angiogenesis in CAM

To gross evaluation of angiogenesis in CAM,
the macroscopic appearance of CAMs was
examined and photographed under Olympus SZ40
stereomicroscope coupled to a digital camera (Sony
7.2 DSC-W7). Angiogenesis was analyzed using
Image-Pro Plus software™ (version 4.5) at this
program we calculate the vascular density index
(VDI). VDI represents the number of intersections
made by blood vessels (arterioles and venules)
with a square grid containing nine smaller squares
superimposed on the micrographs (YANG et al.,
2005). Vessels were counted three times in random
quadrants to obtain an average of vessels per mm?
of each photograph. Were used 10 repetitions per
each experimental group (n).

Histological evaluation of CAM tissues

For histological evaluation of CAM tissues,
membrane samples were removed, cleaned and
fixed in ALFAC (formaldehyde, ethanol 80%,
glacial acetic acid) solution, embedded in paraffin,
sectioned, and stained with (i) hematoxylin — eosin
(H&E), to evaluation of microvessels (arterioles and
venules) (ii) Masson’s trichrome, to characterize
collagen and fibrin deposition in CAM tissues and
(iii) Picro-sirius, also used to evaluate collagen, but
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using polarized light microscopy. The stained slides
were observed and photographed under a light
microscope (Olympus BX50).

Embryos morphology evaluation

After CAM removal, the embryos were quickly
removed from eggs and immediately euthanized
with an overdose of thiopental (i.m.). Then, the
animals were placed in Petri dishes, examined
(i) Normal
pattern, animals presented a pattern of species

and classified into two groups:
(size, curvature and training of members), proper
closure of the thoracic and abdominal regions and
differentiation of facial structures, and (ii) change
in the normal pattern development, animals that
showed different development described above.

Chemical composition analysis of AEB

For qualitative chemical composition analysis
of AEB photochemical exploration was performed
to identify the presence or absence of metabolites

glycosides, glycosides,
glycosides, fixed
acids, volatile acids, tannins by colorimetric and
precipitation reactions (FRANCO et al., 2005).

anthocyanin saponin

cyanogenic Amino groups,

Statistical analysis

The results were described as the mean +
standard error of the mean (SEM). Statistical
analysis was performed using one-way analysis of
variance (ANOVA) followed by post-hoc Dunnet,
the homogeneity of the groups was confirmed
by CV (coefficient of variation of Pearson). The
statistical analysis was performed with GraphPad
Prism 5 (San Diego, CA, USA) program. P values
<0.05 were considered significant.

Results and Discussion

Formation of the primary vascular complex, or
angiogenesis, is a process characterized by branching
and remodeling of primary capillary network. In this
system, larger vessels originate a branched of smaller
vessels which results in a complex and important
structure in different physiological conditions
(BUSCHMANN, SCHAPER, 1999; RIBATTI,
2016). excitatory and
mediators regulate the homeostasis of this process,

Endogenous inhibitory
which when unbalanced can cause pathological
angiogenesis such as in tumor formation, or trigger
a neoplasic tissue formation (MELO-REIS et al.,
2010; RIBATTI, 2014).

Because angiogenic process is common during
tumor growth (RIBATTI, 2014) and due to the
carcinogenic potential of BF (VETTER, 2009;
VIRGILIO et al., 2015), we expected AEB would
be able to induce an increase in number of CAMs’
vessels. However, as the number of vessels observed
was similar between the control and treated groups
(Figure 1) the AEB in different concentrations (0.1,
0.5, 1, 5, 10 ug/mL) failed to induce angiogenesis
on CAM after exposition to extracts.

This fact above was confirmed when similar
pattern of tissue vascularization between the control
and exposed to the AEB was observed in membranes
stained with H&E and analyzed microscopically
(Figure 2).

Although an analysis of neovascularization
showed that AEB did not promoted vascular
changes, the membranes which received implants
of this extract had exhibit opacity and tissue
fibrosis (more pronounced in 10 pg/mL) both signs
of inflammation (Figure 3). These features has
not observed in membranes exposed to saline gel
(control).
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Figure 1. Microvascularization on CAM exposed to AEB. Graphic representation of AEB effect on microvessels of
CAM, measured as VDI. Results described as the mean + standard error of the mean (n=10), according analysis using

one way ANOVA followed by Dunnet.

0.1

12+
10+

Vessels/mm?

05 1
AEB [ng/mL]

5 10

Figure 2. Representative photographs of microvascularization on CAM exposed to AEB. A) Histological sections of
control; B) Histological sections of CAM exposed to 10 pg/mL AEB; D) The a symbol represents macrovessels and

B represents microvessels. Stained with H&E, 40X.

Figure 3B has shown an extensive fibrotic
reaction called desmoplasia characterized by
a strong accumulation of extracellular matrix
(EGEBLAD et al., 2010; EIRO, VIZOSO, 2012).
In addition, histological assessment of membranes
stained with Masson’s trichrome and Picro-sirius,
showed an increase of collagen fibers (stained in
blue) and presence of fibrilar collagen (red dots) in
membranes treated with AEB (Figure 4).

It is well known that fibrosis is a common chronic
inflammatory response occurring because tissue
injury, as AEB caused in CAMs. Corroborating with

our study the literature described desmoplasia that
on fibrosis formation there is excessive synthesis
of extracellular matrix (including collagen and
other proteins) (SEANDEL et al., 2001; CHUN et
al., 2004), as well as histological changes such as
increased number of inflammatory cells in the gastric
mucosa of C57B/6 in mice that received aqueous
extract of BF (COUSSENS, WERB, 2002; GOMES
et al., 2012; LOTERSZTAIJN, INSEL, 2013). As a
result of this inflammatory process could trigger
the formation of neoplastic tissue (COUSSENS,
WERB, 2002; EIRO, VIZOSO, 2012).
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Figure 3. Representative photographs of fibrosis on CAM. A) Control membrane; B) Membrane exposed to 10 pg/
mL of AEB. Arrow indicates fibrosis.

Figure 4. Representative histological sections. A and B represents respectively control membranes and membranes
exposed to AEB (10 pg/mL), both stained with Masson’s Trichrome, the dark blue color shows the increase of collagen
fibers. C and D represents respectively control membranes and membranes exposed to AEB (10 pg/mL) stained with
picro-sirius, the green dots represent reticular collagen and red points fibrilar collagen.
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Besides the fibrosis observed on membranes,
the embryos exposed to 5 or 10 pg/mL AEB,
showed changes in the normal pattern like poor face
formation and poor closing of abdominal wall (data
not shown). Embryos exposed to concentrations of
0.1, 0.5 and 1pg/mL AEB showed normal pattern
of development as control animals. Furthermore,
the highest concentration of AEB (15 pg/mL) was
lethal to embryos. Supporting our data, previous
studies showed maternal toxicity, embryotoxicity
and abnormalities in offspring of rats that consumed
BF (GERENUTTI et al., 1992). Similarly, Yasuda
et al. (1974) observed embryos with multiple
malformations, including abnormalities marks and
incomplete fusion of the sternum after pregnant rat
intake a diet with 30% of this plant.

To verify presence of toxic metabolites and
correlate with deleterious effects on CAM, analyzes

Table 1. Presence/absence of chemical compounds on AEB.

of chemical composition were performed using
AEB. Previously, Gil da Costa et al. (2012),
described that BF contains a large number of
chemically heterogeneous compounds with many
activities and often poorly understood. Our results
revealed the presence of cyanogenic glycosides,
volatile acids and tannins in the aqueous extract of
bracken fern (Table 1). After hydrolyzed, cyanogenic
glycosides release hydrocyanic acid (HCN) that
might trigger poisoning in animals, which ingested
the BF (ALONSO-AMELOT, AVENDANO,
2002). About tannins toxic effects, has been
observed after ingestion, it is known that along with
its metabolites (gallic acid and pyrogallol digallic
acid) are responsible for the toxic effects observed,
renal tubular necrosis, mainly, with interstitial
edema and hemorrhage and gastrointestinal ulcers
(SEBASTIAN et al., 2007).

Metabolite Result
Anthocyanin glycosides absence
Saponin glycosides absence
Cyanogenic glycosides presence
Amino groups absence
Fixed acids absence
Volatile acids presence
Tannins presence
Conclusion Acknowledgements
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