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Abstract

In its stems and leaves, Heracleum sosnovskii Manden.
contains furanocoumarins, which exert a phototoxic effect on
humans. The aim of the investigations was to describe the ex-
ternal secretory structures of the epidermis and internal secre-
tory tissues in organs responsible for emission of secretion that
is toxic to human skin. The study was conducted using light
and fluorescence microscopy. On the stems and leaves, vari-
ous types of secretory trichomes with dispersed or deposited
secretion were found. The trichomes were most abundant on the
abaxial leaf surface. Epidermal cells and the secretion present
on the trichomes exhibited intense fluorescence, which may
indicate the presence of furanocoumarins in the tissue and tri-
chome secretions.
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INTRODUCTION

Heracleum sosnovskii Manden (Heracleum
sosnowskyi Manden.) from the family Apiaceae origi-
nates from the Caucasus and adjacent regions. In Po-
land, the species was introduced into cultivation in the
seventies and eighties of the 20™ century as a fodder
and nectariferous plant [1, 2]. Due to the unpleasant
odour of milk and meat of animals that were fed with
the fodder as well as photodermatoses diagnosed in
workers who collected the plant, cultivation thereof
was abandoned [3]. However, in the Caucasus region,
fresh or marinated young shoots and leaves of H. sos-
novskii are consumed by humans. They can also be
added to soup [1]. The phototoxic activity has also
been detected in other Heracleum species containing
furanocoumarins [4-7].

As a plant that is becoming wild, H. sosnovskii
has spread spontaneously in many regions of Poland,
e.g. in Matopolska and the Vistula River valley [8—11].
Currently, the species is classified as a naturalised in-
vasive plant in Poland [12, 2].

H. sosnovskii is a biennial or perennial plant
reaching a height of 3-5 m [7, 13]. Its stem is deep-
ly grooved and covered with not very dense burn-
ing trichomes [1]. The characteristics of the epider-
mal secretory trichomes in H. mantegazzianum and
H. sphondylium were presented by Arora etal. [14].
The different types of trichomes covering the epider-
mis of aboveground organs in 16 species of the genus
Heracleum have been regarded as key traits in plant
taxonomy [15]. The presence of coumarin compounds
and essential oils produced in secretory tissues is
a characteristic feature of the plants from the genus
Heracleum [16].

We have found no literature data on the struc-
ture of H. sosnovskii tissues that secrete substances
triggering phototoxic reactions. The aim of the paper
was to conduct preliminary analysis of exogenous and
endogenous H. sosnovskii secretory tissues, which re-
lease phototoxic substances. The investigations were
carried out using light and fluorescence microscopy.

MATERIALS AND METHODS

Analyses of the Heracleum sosnovskii Manden.
stems and leaves were conducted. Fragments of the
organs were sampled from plants growing in the Bo-
tanical Garden of Maria Curie-Sktodowska University
in Lublin. The secretory tissues were observed under
a light (LM) and fluorescence (FM) microscopes.
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Stereoscopic microscopy

A stereoscopic microscope equipped with a NI-
CON COOLPIX 4500 photographic camera was used
for comparative observations of the trichomes on the
epidermis surface in the examined organs.

Light microscopy

In order to identify the secretory structures in-
volved in exo- and endosecretion in the analysed spe-
cies, hand-cut cross-sections of stems, leaf blades, and
petioles were made. The sections were stained with
Lugol’s solution. Observations of active secretory
cells were performed using a Nicon Eclipse 600 mi-
croscope.

The length of trichomes on the abaxial epider-
mis of the leaf blades and petiole epidermis was meas-
ured. Morphometric measurements of the trichomes
were performed using a computer program for analysis
of the microscopic image Nikon NIS-Elements version
3.0 Advance Research.

Fluorescence microscopy

Hand-made sections of fresh fragments of leaf
blades and petioles were placed in 0,01% auramine O
(Wedzony 1996). The secretory structures were ob-
served under a fluorescence microscope Nikon Eclipse
901 equipped with a FITC filter (excitation light
465-495 nm), a DAPI filter (340-380 nm), and a bar-
rier filter (wavelength 515-555 nm).

RESULTS

The surface of all the examined H. sosnovskii
organs, i.e. stems, leaf blades, and petioles, exhibited
unicellular secretory trichomes with varied length. The
trichomes on the petioles were longer (150-3850 pm)
than those on the leaf blades (111-677 um). They had
a pointed apex and, most frequently, granular surface
ornamentation (Fig. 1 A-C, G, I). Shorter petiole tri-
chomes reached a length of 150-627 um and those on
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the abaxial surface of the lamina were 111-222 um
long. The trichomes were rounded or pointed at the
apex (Fig. 1 D-F,J).

The stem epidermis was dominated by longer,
unevenly distributed trichomes. Besides pubescent ar-
eas, some fragments devoid of trichomes were visible.
The petioles had characteristic ribs covered by larger
trichome clusters than those on the other parts of the
epidermis of the organs. The adaxial surface of the leaf
blades exhibited only short trichomes distributed pri-
marily on the edges. In turn, the abaxial leaf blade sur-
face was characterised by occurrence of various types
of trichomes distributed more densely along the veins.

Both large and small trichomes contained viable
protoplasts. Crystalline structures, possibly secretions,
were visible on the outer surface of the cell walls of
many trichomes (Fig. 1 C, H, I-K). A foamy substance
was observed at the apex of some trichomes (Fig.
1G). The leaf blades and petioles had trichomes with
a smooth wall in addition to those with outer cell wall
ornamentation (Fig. 2 A, B).

The analysis performed using the fluorescence
microscope revealed differences in the fluorescence of
the stem and leaf tissues, depending on the filter used.
The DAPI filter showed blue fluorescence of the cuti-
cle (Fig. 3 A) and the walls of some cells as well as a
substance deposited on the trichome surface (Fig. 3 H).
When the FITC filter was used, green fluorescence was
visible in the case of the epidermal cells of the petiole,
leaf veins, and leaf blade (Fig. 3 B-F) as well as secre-
tion deposited beside or on the surface of the trichomes
(Fig. 3 B, G).

Two types of secretory structures, i.e. trichomes
(Fig. 2C) and secretory channels (Fig. 2 D-F), were
visible in the H. sosnovskii stems. Cross-sections of
the stems showed greenish droplets of essential oil
released through the channels (Fig. 2 E). The secre-
tion contained in the cells of the secretory channel epi-
thelium emitted relatively strong fluorescence as well
(Fig. 3 A).
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Fig. 1 A-K. Different types of trichomes on the surface of a H. sosnovskii leaf after treatment with Lugol’s solution:
A-C — unicellular, elongated trichomes, visible secretions (asterisk) on the surface of the trichome,

D-F — short, rounded or apically pointed trichomes,
G-K - foamy (arrow) or crystalline (asterisk) secretion at the apex or base of the trichome, visible intensely stained cells

(arrowhead) of the epidermis and the trichome base.
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Fig. 2 A-F. Fragments of H. sosnovskii leaves (A — B) and stems (C — F) after treatment with Lugol’s solution (cross section):
A—-C —trichomes on the abaxial leaf epidermis (A, B) and on the surface of stem, some with granular cell wall ornamentation
(arrow),
D-F - oil ducts with secretory epithelial cells (arrow with a double arrowhead), visible drops of essential oil (arrowhead),
and a collenchyma layer (asterisk).
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Fig. 3 A—H. Fragments of H. sosnovskii stem (A) and leaves (B—H) (cross section) after treatment with auramine O and with the use
of DAPI (A, H) or TRIC (B-G) filters (fluorescence microscope):
A, B —stem (A) and petiole (B) tissues, visible light blue fluorescence of the cuticle (DAPI), green fluorescence of epidermal
cells, the base of the trichomes and secretion (asterisk),
C —leaf blade vein with numerous trichomes on the abaxial epidermis; visible fluorescence of epidermal cells and trichomes
(arrowhead) and tracheal elements (arrow),
D —leaf blade with trichomes; visible intensely fluorescent cells of the abaxial epidermis,
E, F — trichomes on the surface of the petiole (E) and the abaxial epidermis of the leaf blade (F); visible fluorescent cells of
the trichome base (arrow) and subcuticular space (arrowhead),
G, H —trichomes with liberated secretion (asterisk).
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DISCUSSION

Coumarins are biologically active substances
often contained in essential oils. Furanocoumarins
are lipophilic coumarins that easily sublimate or are
volatile with water vapour and make up essential oils.
Psoralen-type furanocoumarins are common in plants
from the families Apiaceae and Rutaceae and the genus
Psoralea (Fabaceae). Psoralen is a furanocoumarin ex-
erting a strong phototoxicity effect on humans [17, 18].

Investigations carried out by other authors dem-
onstrate that Heracleum furanocoumarins are con-
tained in trichomes present on the plant leaves and
stems [7]. In a related species H. mantegazzianum, the
highest concentration of furanocoumarins was detected
in fruits, an intermediate content was found in leaves,
while stems exhibited the lowest concentration [5].

Our research shows the highest density of tri-
chomes on the abaxial surface of the leaf blades and
on the petioles in H. sosnovskii. The viable, unicellular
trichomes release a secretion visible on their surface
and deposited on the walls of adjacent epidermal cells.
The secretion observed in microscope preparations is
foamy or crystalline, which may be related to its ability
to sublimate, as mentioned by Kohlmiinzer [18§]
in the characterisation of furanocoumarins.

The fluorescence microscope showed strong
fluorescence of the cuticle on the epidermal cells and
secretion deposits on the surface of trichome walls.
When the FITC filter was used, the epidermal cells of
the leaf blade and petioles emitted green fluorescence.
It can be assumed that the fluorescence of the secre-
tions produced by the H. sosnovskii leaf trichomes is
produced by the presence of furanocoumarin, since
coumarin solutions exhibit strong fluorescence, as re-
ported by Kohlmiinzer [18]. The intense fluores-
cence of the leaf epidermal cells is probably related to
the presence of secretion, which has the ability to emit
fluorescence. The strong fluorescence of the internal
tissues of H. sosnovskii leaves may be associated with
the substantial content of furanocoumarins, which was
also found by Pira et al. [5] in H. mantegazzianum
leaves.

The morphological diversity of trichomes oc-
curring on the surface of the H. sosnowskii stem and
leaf epidermis corresponds with the results obtained by
several authors, who have described different types of
trichomes in other Heracleum species [14, 15].
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Struktury lodyg i liSci
Heracleum sosnovskii Manden.
emitujgce substancje wywolujace fotodermatozy

Streszczenie

Heracleum sosnovskii Manden. zawiera w 1o-
dygach i lisciach furanokumaryny, ktére majg wtasci-
wosci fototoksyczne dla czlowieka. Celem badan bylo
okreslenie budowy zewnetrznych struktur wydzielni-
czych wystepujgcych w epidermie oraz wewnetrznych
tkanek wydzielniczych potozonych w wymienionych
organach, ktére mogg by¢ odpowiedzialne za emisj¢
toksycznej dla skéry wydzieliny. Do badari zastosowa-
no mikroskopi¢ Swietlng oraz fluorescencyjng. Stwier-
dzono, ze w todygach 1 lisciach wystgpuja rézne typy
wloskéw wydzielniczych, na ktérych powierzchni za-
obserwowano rozproszong lub tworzaca zlogi wydzie-
ling. Najwiecej wloskéw znaleziono na powierzchni
abaksjalnej lisci. Komorki epidermy oraz obecna na ze-
wnatrz wloskéw wydzielina wykazywaty intensywna
fluorescencje, co moze wskazywacé na obecnos¢ fura-
nokumaryn w tej tkance oraz w wydzielinie wloskéw.
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