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ABSTRACT

In this study, we aimed to determine lignified tissue in young stems of Struthanthus vulgaris
Mart. by infrared microspectroscopy and histochemical methods as well as by fluorescence
microscopy. Struthanthus vulgaris Mart. is a mistletoe species that belongs to the Loranthaceae
family. A brief anatomical description was also carried out. The first procedure for analysis
was to elaborate anatomical cross sections (20-30 um) from young stems before and after
treatment with NaOH 1%. This procedure was applied to release possible low molecular mass
phenolic compounds. Safranin-astra blue was used to distinguish anatomical tissues while
Wiesner test enabled verification of lignified pericyclic fibers. Infrared microspectroscopy
analysis confirmed the presence of lignin in this region according to the following spectral
signals: 1600 (shoulder), 1511, 1453, 1338 and 1244 cm™'. Analyses of the cross section of young
stems under fluorescence microscopy before and after treatment with NaOH 1% allowed us to
confirm the presence of low mass phenolic compounds in the region of pericyclic fibers.
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Histoquimica e Microespectroscopia no Infravermelho de
Tecido Lignificado em Caule Jovem de Struthanthus vulgaris Mart.

RESUMO

O objetivo deste estudo foi determinar tecidos lignificados em caules jovens de
Struthanthus vulgaris Mart., por microspectroscopia no infravermelho, teste histoquimico e
microscopia com fluorescéncia. Esta é uma espécie hemiparasita da familia Loranthaceae. Foi
também realizada uma breve descri¢do anatomica. O primeiro procedimento para a andlise foi
realizar os cortes anatdmicos transversais (20-30 pm) do caule jovem, sendo feita a anélise antes
e apds tratamento com NaOH 1% para liberar substéncias fendlicas de baixa massa molecular.
Utilizou-se safranina azul de astra para identificar os tecidos anatdmicos, enquanto o teste
Wiesner permitiu verificar fibras periciclicas lignificadas. A andlise por microespectroscopia
no infravermelho confirmou a presenga de lignina nesta regido por meio dos seguintes sinais
espectrais em 1600 (ombro), 1511, 1453, 1338 e 1244 cm™'. As andlises da se¢do transversal
do caule jovem sob microscopia de fluorescéncia antes e apds tratamento com NaOH 1%
permitiram confirmar a presenga de substincias fendlicas de baixa massa molecular na regido
das fibras periciclicas.

Palavras-chave: espécie hemiparasita, fibras, lignificagao.
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1. INTRODUCTION

Lignin is a class of phenylpropanoid
macromolecule deposited in the final stages of
fiber and other structural element formation. This
kind of compound is set on the matrix of cell wall
(Boerjan et al., 2003). In wood, lignin is found in high
percentage in the secondary wall of fibers, vessels
and tracheids in sap and heart wood, contributing
to mechanical support, rigidity and chemical and
physical defense. Its composition varies according to
species, organs and tissues and even between layers
of the cell wall, where it can be bound to proteins,
sugars, suberin and phenol molecules (Burton et al.,
2010; Raven et al., 2007; Higuchi, 1980; Browning,

1967).

Lignin in wood has been vastly studied; however,
few studies on parasite plants have been published.
Nevertheless, these plants play an important
ecological role and it has been demonstrated that
their lignification process is highly sophisticated and
specific for their survival (Umezawa, 2010).

The hemiparasite Struthanthus vulgaris Mart.,
popularly known as mistletoe, is a species of the
Loranthaceae family found in tropical and subtropical
regions (Harris, 1992; Tainter, 2002; Aukema, 2003).
This species is dependent upon a host plant to grow,
but it can still undertake its own photosynthetic
process. It clings to the branches and central trunk of
host plants using a specialized rooting method called
haustoria. The hemiparasite roots cross the bark of
host plants until they reach the xylem, from where
they drain water and minerals (Tattar, 1978; Rotta,
2001; Tainter, 2002). Lignin and its position in this
species tissues are still unknown. Salatino etal. (1993)
reported that this plant presents high quantities
of phenolic substances. Histochemical tests and
utilization of infrared spectroscopy methods have
been successfully applied. Research in this field has
been recently described by De Micco & Aronne
(2007) and Naumann et al. (2005).

2. MATERIAL AND METHODS

Stem samples were collected from Struthanthus
vulgaris Mart. in the campus of the Federal Rural
University of Rio de Janeiro (Universidade Federal

Rural do Rio de Janeiro - UFRR]), Rio de Janeiro
state, Brazil. Histological samples from young stem
parts (from 4" to 5" internodes) were analyzed by
optical fluorescence and infrared microspectroscopy.

Cross sections (20-30 um) of young stems from
Struthanthus vulgaris were previously fixed in FAA
70% (Formaldehyde, Glacial Acetic Acid and Ethyl
Alcohol 70% (1:1:18)) for 24 hours and then stored
in ethanol 50% (Kraus & Arduin, 1997). Sections
were performed in a Ranvier microtome and clarified
through the following procedures: first, the material
remained in sodium hypochlorite solution 50% for
five minutes and then it was washed with distilled
water to remove the excess reagent. Subsequently,
the sections were placed in acetic acid solution 1% to
neutralize the hypochlorite effects and were washed
once more, concluding the process. Histochemical
tests were performed with the use of an optical
microscope (Olympus BX 51) coupled with a
fluorescence device and a digital imaging system
(cell’ imaging software).

Histochemical analysis was carried out on cross-
sections (20-30 um) of young stems, stained with a
solution of Astra blue 2% and safranin 0.5% diluted
in water (Bukatsch, 1972). Wiesner test was also
performed to detect lignified tissue in cross sections
non-treated and treated with NaOH 1% solution for
1 hour (TAPPI standards - T-212 - 76 (Tappi, 1979).
Non-treated and treated cross sections of stems
were observed by fluorescence microscopy, using
blue excitation (450-480 nm) and FITC (U-MWB?2)
filters.

Cross sections of young stems were sectioned by a
Ranvier microtome with 20-30 thickness (in natural
condition). After that, they were placed between glass
slides (2 x 4 cm), frozen in liquid nitrogen and then
lyophilized in a TERRONI - Model ENTERPRISE
lyophilizer for 12 hours. Once lyophilized, the cross-
sections were placed on KBr slides and then spectra
recorded in an infrared microscope coupled to a
VARIAN 640-IR FT-IR spectrometer with a liquid
nitrogen-cooled Mercury Cadmium Telluride
detector (MCT). Samples were run by diffuse
reflectance at wavenumber range of 700-4000 cm™,
spectral resolution of 4 cm™ and 128 scan. Spectra
were recorded on the following anatomical regions:
parenchyma cell, phloem fiber and pith, covering an
area of 5 um? for each analysis.
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3. RESULTS AND DISCUSSION

In the cross sections, we observed uniseriate
epidermis containing cells of various shapes and sizes,
followed by three to seven layers of homogeneous
parenchyma consisting of isodiametric cells and
collenchyma. The conductive vessels are arranged
in bundles interrupted by parenchymatous cells,
featuring a discontinuous cylinder. The vascular
bundles are provided with pericyclic fibers adjacent
to the sieve elements. In the primary state of growth,
one to two layers of cells were found in the primary
xylem of the central cylinder. Protoxylem and
metaxylem were also observed (Figure 1).

Figure 1. Cross-section of young stems of S. vulgaris
stained with safranin/astra blue. Note: Epi-epidermis;
cp - cortical parenchyma; pf - pericyclic fibers;
phl - phloem; mtx - metaxylem; ptx - protoxylem;
lap - lignified axial parenchyma; pi - pith.

We observed that the anatomical structure
of young stems of Sthruthantus vulgaris, after
histochemical testing, presented highly lignified cells.
The peripheral region is composed of epidermal cells,
cortical parenchyma and some phoematic bundles
(pericyclic fibers). The bundles of phloematics cells
were more prominent than other cells of the same
region considering the lignification status.

We observed lignified cells (Figure 2) using the
Wiesner test and identified differentiated protoxylem
cells, demonstrating the existence of lignified
secondary walls of protoxylem and no secondary wall
deposition in the metaxylem (Figures 2A). We also
observed secondary walls and metaxylem without
secondary wall deposition (Figure 2B). The Wiesner
test clearly showed the presence of lignin in pericyclic
fibers (Figure 2C) (Lin & Dence, 1992). The lignified
axial parenchyma also exhibited cell wall thickening,
as indicated by the arrows (Figure 2D).

After treatment with NaOH 1%, (TAPPI
standards - T-212 - 76 (Tappi, 1979)), the test
showed color intensity reduction from reddish to
pinkish in the phloem fiber caps (Figure 3A) and in
the lignified axial parenchyma, and particularly in
the protoxylem (Figures 3B and 3D). This difference
can also be observed if compared to natural tissues
(Figures 2 and 3) during fluorescence microscopy
(Figures 4A, 4B and 4C, 4D, respectively). Great
deposit of tannic substances was verified more
internally in parenchyma cells of the pit, which

fibers; phl - phloem; lap - lignified axial parenchyma.
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is consistent with the description reported by
Salatino et al. (1993). These results corroborated the
reports by Watanabe et al. (2004), who observed the
presence of polyphenols in the wood of Eucalyptus
through histochemical tests after treating samples

with NaOH 1%, which enabled the observation of
the precise distribution of lignin in cell walls.
Fluorescence analysis of the cross-sections
of young stems with and without treatment with
NaOH 1% showed small distinction between lignin

Figure 3. Cross section of stem of S. vulgaris treated with an aqueous NaOH 1% solution, and subsequently, using
the Wiesner test. Note: pf - pericyclic fibers; mtx - metaxylem; ptx - protoxylem.

Figure 4. Photomicrographs showing auto fluorescence in cross-section of the non-treated stem (A and B) and
stems treated with NaOH 1% (C and D). Note: Epi-epidermis; pf - pericyclic fibers; epi-epidermis; lap - lignified

axial parenchyma.
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molecular properties (Figure 4). The fluorescence
technique also indicated presence of lignin,
corroborating the results found previously. This
analysis showed that pericyclic fibers are highly
lignified compared to other tissues (Figure 4A).
Axial parenchyma cells around the vascular bundles
also exhibited presence of lignin confirmed by the
Wiesner test and fluorescence microscopy. In this
region, the protoxylem cells of the vascular bundle
exhibited lignified secondary thickening (Figure 4B).
Lignin was absent in epidermal cells (Figure 4C).
Reduction of fluorescence intensity was observed
after treatment with NaOH 1% (Figure 4C and 4D).
This may be due to the presence of soluble lignin,
which presents low molecular weight.

Natural cross sections of young stems were
submitted to infrared microscopy of three distinct
tissues (cortical parenchyma, pericyclic fibers and
pith), as shown in Figures 5A, 5B and 5C, respectively.

The spectrum of the cortical parenchyma region
did not present clear signs of lignin (Figure 5A),

while the spectrum of the pericyclic fibers region
(Figure 5B) showed the signals 1647, 1511, 1453,
1338 and 1244 cm\indicating presence of lignin
despite the possibility of other phenol compound
be present. The signals 1338 and 1244 cm™ were
assigned to the presence of syringyl and guaiacyl
units, respectively. The first signal was slightly more
intense than the second one (Obst, 1982).

Those assignments were performed according to
the literature data (Lin & Dence, 1992). The signal
at 1733 cm™ in the B spectrum may be attributed to
the presence of ester carbonyl of polyoses (Lignin
Carbohydrate complex- (L-C) complex); however,
this could only be confirmed with the aid of other

analytical methods.

The spectrum from the pith region showed
complex signal profile, precluding any diagnosis
(Figure 5C). The infrared spectra from xylem tissue
were not registered; nevertheless, histochemical test
and fluorescence confirmed the presence of lignin.
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Figure 5. Infrared spectra of the natural cross-section of the following regions of the young stem: parenchyma (A),

pericyclic fibers (B) and pith (C).
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4. CONCLUSION

Infrared microspectroscopy spectra recorded in
situ showed highly lignified pericyclic fibers, with
lignin of the Guaiacyl/Syringyl types. The high
content of the syringyl unit in this region as well as
the pericyclic fibers of phoematic bundle distribution
ensure the high flexibility of young stems. By
this method, we also verified that epidermis and
parenchyma tissues did not contain lignin, at least

under the conditions reported.

Fluorescence microscopy confirmed the results
of infrared microspectroscopy, including the
existence of phenolic compounds of low molecular

mass before treatment with NaOH 1%.
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