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ABSTRACT

Hedera helix (common ivy) is an attractive climbing and groundcover plant. Its leaves containing various
bioactive compounds are used in medicine and cosmetology. The aim of this study was to present the func-
tional leaf anatomy and histochemical analyses localising various secondary metabolites in ivy leaf blade
and petioles. Light and fluorescence microscopy and 8 histochemical tests and 3 fluorescence assays were
used. The leaf tissues contained phenolic compounds, phenolic acids, flavonoids, pectinous/mucilagous sub-
stances, acid lipids, essential oil, terpenoids, and steroid-containing terpenes. They are mainly responsible
for the biological and pharmacological activity of H. helix leaves. Most of these secondary metabolites were
present in the epidermis, mesophyll, phloem, and epithelial cells. In turn, they were not found in the xylem

and sclerenchyma tissues.
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INTRODUCTION

The common ivy Hedera helix L. (Araliaceae) is
a climber with dark evergreen leaves. It occurs naturally
in Europe and Asia Minor [Szweykowska and Szwey-
kowski 2003]. At present, it is regarded as an invasive
plant in some states of the USA [Maddox et al. 2018].
In previous years, it was a protected plant in Poland [Se-
neta and Dolatowski 2007]. The common ivy has been
cultivated since ancient times. It can be a houseplant
used as an element of interior decoration. In landscape
architecture, it is planted as a groundcover species or
a climber. It can also be used as a green element in flow-
er arrangements [Seneta and Dolatowski 2007, Korszun
and Bykowska 2011, Maddox et. al 2018].

Ivy leaves are heterophyllous. The usually 3-5
lobed leaves growing on juvenile shoots are tomentose
at first and then glabrous. The strongly shiny leaves
growing on flower shoots are ovate or ovoid-lanceo-
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late. In natural habitats, the species blooms rarely and
usually after many years. Juvenile plants with shoots
reaching 20 m in length are the most common forms
[Seneta and Dolatowski 2007]. Plants of this species
may live for 450 years and the leaf lifespan is 2.5 years
[Rostafinski and Siedl 1962, Nowinski 1977].

Hedera helix is a medicinal and cosmetic plant
[Gora and Lis 2005, Jablonska-Trypu¢ and Czerpak
2008, Kohlmiinzer 2016, Kruttschnitt et al. 2020]. Its
flowers appearing in September and October provide
bees with valuable reward [Lipinski 2010]. All organs
of the plant contain toxic substances, and its fruits are
the most poisonous parts. Ivy saponins are toxic to hu-
mans, livestock, and pets (cattle, cats, dogs) [Gaillard
et al. 2003, Maddox et al. 2018].

Ivy leaf (Folium Hederae helicis) is a medici-
nal raw material. It contains triterpenes, saponins,
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flavonoids, coumarins, polyacetylenes, phenolic ac-
ids, tannins, anthocyanins, sterols, alkaloids, amino
acids, essential oil, resins, carbohydrates, vitamins
C and E as well as provitamin A [Lutsenko et al. 2010,
Lamer-Zarawska et al. 2012, Kohlmiinzer 2016, Zeng
et al. 2018]. The yellow-red ivy resin (Gummiresina
Hederae) is obtained mainly from fruits and is used
for production of incense and in dentistry [Nowinski
1977, Strzelecka and Kowalski 2000].

The special properties of ivy leaf extracts facili-
tating the penetration of cosmetics into the skin are
used in the production of creams and lotions [Van
Wyk and Wink 2004]. Ivy leaf extracts exhibit mul-
tivarious pharmaceutical and biological activities, i.e.
anti-inflammatory, antifungal, anti-oxidative, anti-mu-
tagenic, anti-viral, and anti-diabetic effects [Fazio
et al. 2009, Lutsenko et al. 2010, Zeng et al. 2018].
Due to the presence of saponins, the extracts exert an
expectorant and relaxant effect [Strzelecka and Ko-
walski 2000].

The presence of secretory canals in vegetative
organs has been found to be a characteristic trait of
representatives of the family Araliaceae. Secretory ca-
nals are regarded as an important diagnostic feature of
this family [Metcalfe and Chalk 1972, Kolalite et al.
2003]. The anatomical features of ivy include the pres-
ence of secretory canals in all organs and stellate hairs
on stems and leaves. Ivy leaves are hypostomatic and
bifacial. The secretory canals are located primarily in
leaf midribs close to vascular bundles [Savulescu and
Luchian 2009, Ostroumova and Oskolski 2010]. Some
leaf mesophyll cells contain calcium oxalate crystals
[Konyar et al. 2014].

Many compounds present in plant tissues e.g. phe-
nolic acids, and flavonoids are important metabolites
exhibiting multiple biological activities [Kelayeh et al.
2019]. These compounds are also present in H. helix
leaves [Lutsenko et al. 2010, Lamer-Zarawska et al.
2013]. The distribution of active biological metabo-
lites has practical and pharmacognostic importance in
medicinal plants and can be used for chemosystemat-
ics. We have found no data on the location of second-
ary metabolites in the aerial organs of this species. Our
study is an attempt to fill the gap in this knowledge.

The aim of the study was to present the anatomical
features and histochemical characteristics of the Hedera
helix leaf blade and petiole, which are a medicinal and
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cosmetics raw material. We localized the main class-
es of metabolites in leaf tissues using fluorescence and
light microscopy as well as histochemical assays.

MATERIALS AND METHODS

The research material, Hedera helix L. leaves,
was taken from the collection of plants at the UMCS
Botanical Garden in Lublin, SE Poland (51°15'44"N,
22°30'48"E) in June 2018. The botanical identification
was made by comparison with authentic samples de-
posited in the Department of Botany and Plant Phys-
iology, University of Life Sciences in Lublin. Frag-
ments of leaves were sampled from the middle part of
one-year-old shoots. To compare their general anatomy,
the leaves were collected from plants growing in sunlit
and shaded sites. Since the histochemical tests did not
reveal any differences in the distribution of biological
active compounds in the tissues of leaves collected in
both sites, we presented only the results of plants grow-
ing in the sunlit sites. Five leaves were used in each test.
Cross-sections and the central part of the leaf blades, the
midrib, and petioles were made with a razor blade using
the free-hand sectioning technique.

The autofluorescence of phenolic compounds
in fresh leaf tissues and stain reactions with magne-
sium acetate and antimony trichloride [Ascensdo et
al. 1999] were observed using a Cy5 filter set (exci-
tation light 590-650 nm and a barrier filter wavelength
663—738 nm). The analyses were carried out with the
use of a Nikon 90i fluorescence microscope equipped
with a digital camera (Nikon Fil) and NIS-Elements
Br 2 software.

We performed 8 histochemical assays using fresh
sections of leaf blades and 6 tests for petioles. The
leaf blade, which has been analysed in great detail in
the study, was the main object of the study, whereas
the petiole was analyzed as an additional element to
compare the location of the selected metabolites. The
main classes of metabolites in tissues were detected
using the following assays: magnesium acetate for
flavonoids [Charriére-Ladreix 1976], Sudan IV for
lipids [Brundrett et al. 1991], Nile Blue for neutral
and acid lipids [Jensen 1962], NADI reagent for ter-
penoids [David and Carde 1964], antimony trichloride
for steroid-containing terpenes [Mace et al. 1974], fer-
ric trichloride for total phenolic compounds [Gahan
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1984], potassium dichromate for tannins [Gabe 1968],
ruthenium red for pectins and mucilaginous substanc-
es [Johansen 1940], neutral red for essential oils and
mucilaginous substances [Conn 1977, Lulai and Mor-
gan 1992], and Toluidine blue O (pH 4) for phenolic
compounds, tannins and pectins [Baker 1966, O’Brien
et al. 1981]. The staining effects were compared with
control samples. We detected the presence of oxa-
late crystals based on the dissolution reaction in 10%
HCI [Broda 1971]. The study was conducted using
an Eclipse 400 (Nikon) light microscope coupled to
a Coolpix 4500 (Nikon) camera.

RESULTS

Leaf blade

Anatomical traits. Unilayered epidermis covered
the adaxial and abaxial surface of the H. helix leaf
blade (Fig. 1A, B). This tissue consisted of cells that
were flattened in cross section and had a thick outer
cell wall with a cuticle layer (Fig. 1B). Stellate hairs
were present on the leaf blades and petioles (Fig. 1C).
Collenchyma reinforced only the midrib zone and
formed several layers under the adaxial and abaxial
epidermis (Fig. 1A, B). Chlorenchyma was observed
in the midrib (Fig. 1A, B). Idioblasts containing cal-
cium oxalate druses, whose presence was confirmed
by the dissolution reaction, were located under the
epidermis and collenchyma in the midrib and sur-
rounded the main vascular bundle. Idioblasts formed
a continuous layer in some areas, but were dispersed in
others (Fig. 1A). In turn, in both palisade and spongy
parenchyma of the leaf blade, they were arranged sin-
gly or in groups (Fig. 1D). The leaf mesophyll varied
in the palisade parenchyma zone, depending on the
light conditions during plant growth. In cross section,
the palisade parenchyma in leaves collected from the
sunlit sites was composed of two layers of cylindrical,
elongated cells (Fig. 1E), whereas the parenchyma of
leaves originating from shaded locations usually had
three layers of much shorter, sometimes square-shaped
cells (Fig. 1F). Large collateral vascular bundles sur-
rounded by several sclerenchyma layers were located
centrally in the leaf midribs. In the parenchyma, secre-
tory canals were visible around the xylem and phloem
or within the sclerenchyma on the cross section (Fig.
1A, G, H) and on the longitudinal section (Fig. 11).
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Orange secretion was visible in the lumen of the ca-
nals and in the epithelial cells, which formed a single
layer surrounding the canals (Fig. 1G). A substance
with a similar colour as that of the secretion contained
in the canals and epithelial cells was observed in the
parenchyma cells as well (Fig. 1G).

Histochemical traits. The fluorescence microscope
studies and histochemical assays facilitated detection
of the following substances in the H. helix leaf blades
and petioles: phenolic compounds, phenolic acids, fla-
vonoids, tannins, pectinous/mucilagous substances,
lipids, essential oil, terpenoids, and steroid-containing
terpenes (Tab. 1).

Epidermis. In the cells of this tissue, we found
phenolic acids (autofluorescence; Fig. 2A), flavonoids
(magnesium acetate, UV; Fig. 2B), phenolic com-
pounds (ferric trichloride; Fig. 2D, Toluidine blue O;
Fig. 2F-H), tannins (potassium dichromate; Fig. 2E),
lipids (Nile blue; Fig. 3A), essential oil (Sudan IV, neu-
tral red; Fig. 3C-F), and terpenoids (Nadi Reagent; not
shown). The outer epidermis cell walls with the cuticle
layer were stained intense orange upon treatment with
Sudan IV, which indicates their lipid nature (Fig. 3B).
A high concentration of phenolic acids (light blue aut-
ofluorescence) and flavonoids (light yellow secondary
fluorescence) was observed in the cuticle (Fig. 2A, B).
After treatment of the preparations with ruthenium
red, intense red staining was visible in the epidermis
cells, which indicates high content of pectinous sub-
stances or mucilages (Fig. 4A, B).

Collenchyma. The protoplasts of collenchyma cells
contained phenolic compounds (Fig. 2G, H), phenolic
acids, and acid lipids (Tab. 1).

Parenchyma. Regardless of the parenchyma type
in the leaves, the same secondary metabolites were
detected in both palisade and spongy parenchyma
cells (Tab. 1). The presence of phenolic acids in the
parenchyma cells was indicated by the light blue auto-
fluorescence of these metabolites (Fig. 2A). The pres-
ence of flavonoids was indicated by the light yellow
secondary fluorescence of these compounds (Fig. 2B).
Phenolic compounds stained black in the ferric trichlo-
ride reaction (Fig. 2D), brown in the potassium dichro-
mate treatment (Fig. 2E), and blue in Toluidine blue O
reaction (Fig. 2F). Blue-stained acid lipids were ob-
served after the treatment of the preparations with the
Nile blue reagent (Fig. 3A), whereas orange-stained

33



Sulborska-Rézycka, A., Weryszko-Chmielewska, E., Kamirska, M. (2022). Localisation of bioactive compounds in the leaves of Hedera helix L.
(Araliaceae) — a medical and cosmetic plant. Acta Sci. Pol. Hortorum Cultus, 21(4), 31-44. https://doi.org/10.24326/asphc.2022.4.4

Fig. 1. Cross-sections of Hedera helix leaves and their fragments.

A. Cross-section of the leaf midrib with visible secretory canals (arrows) and numerous idioblasts containing calcium oxalate crystals (arrowheads).
Control preparation. ade — adaxial epidermis, abe — abaxial epidermis, ¢ — collenchyma, ch — chlorenchyma

B. Fragment of a cross-section of the midrib (control) with visible adaxial epidermis (ade), collenchyma (c), and chlorenchyma (ch)

C. Stellate trichomes on the petiole surface. Nile Blue staining

D. Druses visible in spongy parenchyma

E. Cross section of a leaf blade with two palisade parenchyma layers (sunlit site)

F. Fragment of a cross section of a leaf blade with three palisade parenchyma layers (shaded site)

G, H. Enlarged secretory canals (arrows) surrounded by epithelial cells (e)

1. Fragment of a longitudinal leaf section with visible secretory canal (arrows)

Scale bars =200 um (A), 100 um (C, E, F), 50 um (B, D, I), 20 um (H, G)

lipids were observed after the application of Sudan IV cation of ruthenium red, the cell walls of parenchyma
(Fig. 3C). Steroid-containing terpenes, which stained  tissues mainly stained red (Fig. 4A-F).

yellow after the antimony trichloride (UV) treatment, Phloem. All types of metabolites were detected in
were detected in some parenchyma cells located main-  the phloem cells (Tab. 1). Noteworthy is the particu-
ly at the vascular bundles (Fig. 3G, H). After the appli- larly intense staining of this tissue after the treatment
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with the Nile blue reagent (Fig. 3A) and Sudan IV
(Fig. 3C), which indicates the presence of substantial
amounts of lipids and essential oil stained with neutral
red (Fig. 3D).

Epithelial cells. The black colour after treatment
with ferric trichloride (Fig. 2D) and the dark blue co-
lour after treatment with Toluidine blue O (Fig. 2H)
observed in the epithelial cells around the secretory
canals indicated the content of phenolic compounds.
The treatment of the preparations with potassium di-
chromate revealed the presence of tannins in these
cells (Fig. 2E). The secretory epithel contained in-

tensely blue acid lipids — Nile Blue (Fig. 3A). More-
over, phenolic acids, flavonoids, lipids, terpenoids and
steroid-containing terpenes were present in the cells of
this secretory tissue (Tab. 1).

Secretion. The secretory product contained in
the secretory canals of the control preparations was
orange. After treatment with magnesium acetate
(UV), the secretion stained grey-beige with little yel-
low droplets indicating the presence of flavonoids
(Fig. 2C). In the presence of Sudan IV and Neutral
Red, the lipid- and essential oil-rich secretion stained
dark orange (Fig. 3C). The presence of large amounts

Table 1. Location of biological active compounds in the tissues of Hedera helix leaves

Leaf blade Petiole
g g
2 B = € 2 E E 2
> oy = > oy =
Colour £ S | 5 2 8 E 5 2 5 2 -
Test Compounds 3 =i o £ = 2 3 = R o
observed = 5} 1 =i (= ) = [ 5} 5 =i (= o
a = 2 ~ m = Q. = = ~ s3] =
o Q p= g m 5 < o
Q 15} Q A~ 13)
[} [0
n 1%
Autofluorescence . . .
phenolic acids light blue + + + + + + + + + + + +
(UV)
Magnesium . yellow-
flavonoids . ++ - + + + + o+ o+ + + +  ++
acetate (UV) -greenish
. . total phenolic
Ferric trichloride p black + + + + + + +H+ o+ + + 4+
compounds
Potassium henolic compounds
. P TPOURES  prown 4+ = 4+ 4+ * ok xxx
dichromate tannins
L phenolic compounds blue ++ o+ ++ 4+ + * * * * * *
Toluidine blue O
pectins violet + - - 4+ * * * * * *
. ectins/
Ruthenium red . P red ++ o+ + + + - * * * * * *
mucilagous substances
total lipids, resin,
Sudan IV P L orange + — + ++ + + + + + + + +
essential oil
Nile Blue acidic lipids blue + + + 4+ + + + + 4+ +
essential oil, mucilagous
Neutral red & red + + _ + o4 o4 % * * * * *
substances
. . violet-
Nadi Reagent terpenoids bl +H o+ + + 4+ =+ o+ + + + 4+
-blue
Antimon steroid-containin,
o mony & yellow -~ -+ &+ -k xx ok
trichloride (UV) terpenes
* not detemined
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Fig. 2. Effects of histochemical assays detecting phenolic compounds in cross sections of Hed-
era helix leaves

A. Cross-section of the leaf midrib with visible blue autofluorescence (UV) of phenolic acids

B. Cross-section of a leaf blade treated with magnesium acetate (UV) — yellow fluorescence of flavonoids in cells
(white double arrowheads)

C. Fragment of a cross section of the midrib with a visible secretory canal (arrow), in which the epithel cells
contain fluorescent droplets of flavonoids — white double arrowheads (magnesium acetate, UV)

D. Fragment of a cross section of the midrib with black content of phenolic compounds (ferric trichloride).
The arrow indicates the secretory canal

E. Fragment of the midrib after treatment with potassium dichromate with brown-stained tannins in the cells.
The arrows indicate the secretory canals

F. Cross section of the leaf blade with blue-stained phenolic compounds in the tissues (Toluidine blue O staining)
G, H. Cross sections of the midrib after treatment with Toluidine blue O. Tissues containing phenolic compounds
are stained blue and tissues containing pectin are stained purple. H — arrows indicating secretory canals

Scale bars = 100 um (A, B, D-H), 25 um (C)



Fig. 3. Effects of histochemical assays detecting lipids, essential oil/resins, and ster-
oid-containing terpenes on cross sections of Hedera helix leaves

A. Cross-section of the main leaf midrib after treatment with Nile Blue — cells containing acid lipids
stained blue. The arrow indicates the secretion in the secretory canal

B, C. Fragments of the cross sections of the midrib after treatment with Sudan IV —lipids and essential oil/
resin contained in the cells stained orange. B — the arrow indicates the secretory canal

D, E-F. Fragments of the midrib after treatment with neutral red — essential oil/mucilages stained red. C,
D — The arrows indicate the secretory canals

G, H. Cross sections of leaves after treatment with antimony trichloride (UV) — visible fluorescence of
steroid containing terpenes in tissues (double white arrows)

Scale bars = 100 um (A-H)



Fig. 4. Cross sections of Hedera helix leaves after treatment with ruthenium red

A-F. In most tissues, pectinous compounds contained in the cell walls stained red, with the exception of scleren-
chyma and xylem (green staining). D-F — magnified secretory canals, stars indicate the secretory products

B. Content of pectinous compounds/mucilages in the epidermis is visible in cell protoplasts (red staining)

A, C-F. The arrows indicate the secretory canals

Scale bars = 100 um (A—C), 50 um (D-F)



Fig. 5. Effects of histochemical assays in cross sections of the Hedera helix leaf petiole

A. Autofluorescence of phenolic acids (blue staining)

B. Secondary fluorescence of flavonoids (yellow staining — double white arrowheads) in petiole tissues after treatment with magne-
sium acetate

C, D. Black staining of phenolic compounds in leaf petiole tissues after treatment with ferric trichloride

E. Fragment of a cross section after treatment with Sudan IV — lipid resin/essential oil stained orange (stars)

F, G. Petiole tissues after treatment with Nile Blue — acid lipids stained blue; G — irregularly shaped translucent drops (stars) of the
secretory product secreted through the secretory canal are visible in the parenchyma cells

B, D-F — The arrows indicate the secretory canals

Scale bars = 500 um (A), 100 pum (B-F), 20 pm (G)
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of terpenoids in the secretory product was indicated by
a violet-blue colour after treatment with Nadi Reagent
(not shown). The secretion present in the canals also
contained phenolic acids, phenolic compounds, and
acid lipids (Tab. 1). In the presence of ruthenium red
the secretory product contained in the canals stained
green (Fig. 4C, E, F).

Petiole

Anatomical traits. The unifacial petiole resembled
a stem in cross section (Fig. 5A). As in the leaf blade,
its epidermis cells had thick outer cell walls with
a substantial cuticle layer (Fig. 5B). The collenchy-
ma formed 2-3 subepidermal layers (Fig. 5C). The
parenchyma consisted of different-sized cells both in
the cortex zone and in the medulla. There were few
idioblasts with druses mainly in the peripheral paren-
chyma. The open collateral vascular bundles formed
an annular system in petiole cross section (Fig. 5A).
There were numerous singly arranged secretory canals
located near the phloem and sometimes associated
with the phloem (Fig. 5B, D—F).

Histochemical traits. Phenolic acids showing light
blue autofluorescence and flavonoids showing yellow
secondary fluorescence were detected in the petiole
epidermis cells (Fig. 5B). The epidermis cells also
contained phenolic compounds (Fig. 5C), lipids, and
acid lipids (Tab. 1). The presence of lipids, phenolic
compounds, phenolic acids, and flavonoids was de-
tected in the collenchyma cells (Tab. 1). The periphe-
ral parenchyma cells contained phenolic acids
(Fig. 5A), flavonoids (Fig. 5B), and phenolic com-
pounds (Fig. 5C). Additionally, there were lipids
(Fig. 5E) and acid lipids (Fig. 5F) in this tissue. The
phloem cells exhibited the presence of phenolic ac-
ids, flavonoids (Fig. 5B), and phenolic compounds
(Fig. 5D). They also contained lipids, acid lipids
(Fig. 5F), and terpenoids (Tab. 1).

The same metabolites as in the phloem were de-
tected in the epithelial cells surrounding the secretory
canals and in the secretion contained in the lumen of
canal, with greater amounts of flavonoids (Fig. 5B) and
phenolic compounds (Fig. 5D, Tab. 1) in the secretion.
In some parenchyma cells nearby canals we observed
a lipid substance (Fig. SE). Droplets of a similar sub-
stance were also visible in Nile Blue stained parenchy-
ma cells (Fig. 5F, G).
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DISCUSSION

One of the adaptations to ecological conditions in
the evergreen Hedera helix leaves is the structure of
their epidermis cells, which have thick periclinal out-
er walls covered by a considerably thick cuticle layer.
The cuticle showed strong light blue autofluorescence,
which indicated the presence of phenolic acids. More-
over, the histochemical assays revealed the presence
of flavonoids. Investigations conducted by other au-
thors have shown that the cuticle of the outer walls
of epidermis cells mainly contains phenolic acids and
flavonoids bound to the cuticular matrix [Karabourni-
otis et al. 2014].

Additionally, phenolic acids and flavonoids were
detected in the protoplasts of H. helix leaf epidermis
cells. As reported by other authors, these compounds
are located in the vacuoles and walls of epidermal cells
[Cerovic et al. 2002, Dmitruk et al. 2019, Sulborska
et al. 2020]. The presence of phenolic compounds
is closely related to the function of the epidermis as
a protective barrier for other tissues. Previous stud-
ies have shown that flavonoids protect cells against
UV radiation and intense visible radiation. Phenolic
acids provide defence against pathogens and herbi-
vores [Solovchenko and Merzlyak 2003, Karabourni-
otis et al. 2005, 2014].

Another adaptation to winter conditions may be
the content of pectins/mucilages in epidermis cells.
Accumulation of mucilagous substances has been
found in Galanthus nivalis and Leucojum aestivum,
i.e. plants adapted to low temperatures [S¢epankova
and Hudak 2004]. The epidermis in the H. helix leaves
can be regarded as a tissue with special metabolism.
It was shown to contain resin/essential oil and pecti-
nous material. As shown by the literature, pectins are
the basic components of gums [Rioux et al. 1998,
Zheng et al. 2017]. Gum resin is therefore present in
the epidermis of this species. This substance is a resin-
ous product and a mixture of resin with gum or muci-
lagous substances [Parimal et al. 2011]. Gum resin is
mainly extracted from H. helix fruits [Nowinski 1977,
Strzelecka and Kowalski 2000]. The present study has
demonstrated its presence also in the epidermis of the
H. helix leaves.

In this study, the palisade parenchyma in the leaves
of the analysed H. helix plants growing in different
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lighting conditions exhibited considerable structur-
al variability. The cells of this parenchyma in leaves
from the sunlit locations forming only two layers were
elongated in cross sections. In turn, the palisade pa-
renchyma cells in leaves collected from the shady sites
were almost square and formed three layers. Similar
differences in the palisade parenchyma of H. helix leaf
cells was observed in plants grown in a roof garden
(elongated cells) and in a typical ground garden (short
cells) [Petra et al. 2020]. Other authors reported only
the presence of short (square) palisade parenchyma
cells forming a 2-seriate layer [Sadvulescu and Luchian
2009] or a 2-3 seriate layer in H. helix leaves [Ostrou-
mova and Oskolski 2010].

Numerous idioblasts with druses were located
between mesophyll cells, in the subepidermal layer
of the midrib, and around vascular bundles. Despite
the common occurrence of calcium oxalate crystals
in tissues of higher plants, their function is still not
fully understood. It is assumed that they (i) play an
important role in regulation of the calcium concen-
tration and maintenance of proper ionic balance, (ii)
support the processes of detoxification of heavy met-
als, (iii) neutralise other toxic substances in plants
by deposition thereof in vacuoles, (iv) serve a pro-
tective function by deterring herbivores through irri-
tation of mucous membranes, and (v) facilitate tox-
in penetration through damaged skin of herbivores
in the case of toxic plants [Salinas et al. 2001, Volk
et al. 2002, Nakata et al. 2003, Konyar et al. 2014].
It can be assumed that the presence of large amounts
of druses in the evergreen tissues of Hedera helix
leaves that survive for over two years is highly im-
portant. In addition to the above-mentioned func-
tions, these crystals may contribute to mechanical
reinforcement of leaves.

Our study showed the presence of phenolic acids
and flavonoids in many H. helix mesophyll cells, like-
wise in epidermis cells. As reported by other authors,
phenolic acids are most often contained in parenchy-
ma cell walls, contributing to the mechanical strength-
ening and providing a UV screen. In turn, the vacuole,
chloroplasts, and nucleus are indicated as the location
of flavonoids in mesophyll cells. In parenchyma cells,
flavonoids are involved in antioxidant protection and
prooxidant action [Ferreres et al. 2011, Karabourniotis
etal. 2014].
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Phenolic acids and flavonoids in the phloem cells
and in the secretory canal epithel were detected as well.
Additionally, the phloem cells contained terpenoids,
and some cells had essential oil, steroid-containing
terpenes, and acid lipids as well. The orange secretion,
presumably resin, present in the secretory canal lumen
was a mixture of acid lipids, phenolic compounds,
essential oil, and terpenoids. As shown by literature
reports, phenolic compounds, fatty acids derivatives,
and terpenes are the main components of volatile or-
ganic compounds as well as essential oils and resins
[Caissard et al. 2004]. Terpenes serve different func-
tions in plants: they are herbivore deterrents [Chwil et
al. 2016] and pollinator attractants [Evert 2006, Chiz-
zola 2013]. Moreover, they exhibit antioxidant, antivi-
ral, antibacterial, and antifungal activity [Abdellatif et
al. 2014, Tantry et al. 2014].

The lipid secretion in observed in the lumen of the
canals and in the epithelial cells was similar to the con-
tent of some parenchyma cells located near the secre-
tory canals. Other authors also observed lipid droplets
in leaf parenchyma cells [Kromer et al. 2016, Zhai et
al. 2017; Bezerra et al. 2018]. The substance present in
the canals and in the parenchyma cells can probably be
used by the plant in interactions with the environment
[Bezerra et al. 2018].

The secretion produced in the H. helix leaf ca-
nals can be regarded as a resinous substance due to
its physical properties. In microscopic slides, it was
visible as a homogenous translucent and amorphous
material with irregular shapes inside and outside the
secretory canals. In contrast, essential oil contained
in plant tissues most often forms droplets and circular
bodies [Zhai et al. 2017, Dmitruk et al. 2019]. The re-
sults of the present study confirm the data on ivy resin
reported by other authors [Nowinski 1977, Strzelecka
and Kowalski 2000].

CONCLUSIONS

1. The histochemical assays demonstrated the pres-
ence of various biologically active compounds in the
tissues of Hedera helix leaf blade and petioles.

2. They were found to contain phenolic acids, fla-
vonoids, pectinous/mucilagous compounds, acid lip-
ids, essential oil, resin, terpenoids, and steroid-con-
taining terpenes.
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3. These secondary metabolites are accumulated in
most tissues except the xylem and sclerenchyma.

4. The compounds are largely responsible for the
biological and pharmacological activity of the medici-
nal raw material from H. helix leaves.

SOURCE OF FUNDING

The research (article) has been funded by the Pol-
ish Ministry of Science and Higher Education as part
of the statutory activities of the Department of Botany
and Plant Physiology, University of Life Sciences in
Lublin (project LKR/S/49/2022Ri0O).

REFERENCES

Abdellatif, F., Boudjella, H., Zitouni, A., Hassani, A. (2014).
Chemical composition and antimicrobial activity of the
essential oil from leaves of Algerian Melissa officinalis
L. EXCLIJ., 13, 772-781.

Ascensdo, L., Mota, L., Castro, M. de M. (1999). Glandu-
lar trichomes on the leaves and flowers of Plectranthus
ornatus: morphology, distribution and histochemistry.
Ann. Bot., 84(4), 437-447. https://doi.org/10.1006/
anbo.1999.0937

Baker, J.R. (1966). Cytological Technique, 5th ed. Methven,
London.

Bezerra, L.D.A., Mangabeira, P.A.O., de Oliveira, R.A.,
Costa, L.C.D.B., Da Cunha, M. (2018). Leaf blade
structure of Verbesina macrophylla (Cass.) F. S. Blake
(Asteraceae): ontogeny, duct secretion mechanism and
essential oil composition. Plant Biol., 20, 433-443.
https://doi.org/10.1111/plb.12700

Broda, B. (1971). Metody histochemii roslinnej. Panstwowy
Zaktad Wydawnictw Lekarskich, Warszawa.

Brundrett, M.C., Kendrick, B., Peterson, C.A. (1991). Ef-
ficient lipid staining in plant material with Sudan Red
7 B or Fluoral Yellow 088 in polyethylene glycol-glyc-
erol. Biotech. Histochem., 66, 111-116. https://doi.org/
10.3109/10520299109110562

Caissard, J-C., Joly C., Bergougnox V., Hugueney P., Mauri-
at M., Baudino S. (2004). Secretion mechanisms of vol-
atile organic compounds in specialized cells of aromatic
plants. Rec. Res. Develop. Cell Biol., 2, 1-15.

Cerovic, Z.G., Ounis, A., Cartelat, A., Latouche, G., Goulas,
Y., Meyer, S., Moya, 1. (2002). The use of chlorophyll
fluorescence excitation spectra for the non-destructive in
situ assessment of UV-absorbing compounds in leaves.
Plant Cell Environ., 25(12), 1663—1676. https://doi.
org/10.1046/J.1365-3040.2002.00942.X

42

Charriere-Ladreix, Y. (1976). Répartition intracellulaire
du secrétat flavonique de Populus nigra L. Planta 129,
167-174.

Chizzola, R. (2013). Regular monoterpenes and sesquiter-
penes (essential oils). In: Natural products, Ramawat
K.G., Mérillon, J.M. (eds). Springer, Berlin, 2973-3008.

Chwil, M., Nurzynska-Wierdak, R., Chwil, S., Matraszek,
R., Neugebauerova, J. (2016). Histochemistry and mi-
cromorphological diversity of glandular trichomes in
Melissa officinalis L. leaf epidermis. Acta Sci. Pol. Hor-
torum Cultus, 15(3), 153-172.

Conn, H.J. (1977). Conn’s biological stains. A handbook on
the nature and uses of the dyes employed in the biologi-
cal laboratory. Waverly Press, Baltimore.

David, R., Carde, J.P. (1964). Coloration différentielle des
inclusions lipidique et terpéniques des pseudophylles du
pin maritime au moyen du réactif Nadi. C. R. Acad. Sci.
Paris, 258, 1338-1340.

Dmitruk, M., Sulborska, A., Zuraw, B., Stawiarz, E., We-
ryszko-Chmielewska, E. (2019). Sites of secretion
of bioactive compounds in leaves of Dracocephalum
moldavica L.: anatomical, histochemical, and essential
oil study. Braz. J. Bot., 42, 701-715. https://doi.org/
10.1007/s40415-019-00559-6

Evert, R.F. (2006). Esau’s plant anatomy: meristems, cells,
and tissues of the plant body — their structure, function,
and development, 3rd ed. John Wiley & Sons, Inc., Hobo-
ken, New Jersey. http://doi.org/10.1002/0470047380

Fazio, S., Pouso, J., Dolinsky, D., Fernandez, A., Hernan-
dez, M., Clavier, G., Hecker, M. (2009). Tolerance, safe-
ty and efficacy of Hedera helix extract in inflammatory
bronchial diseases under clinical practice conditions:
a prospective, open, multicentre postmarketing study in
9657 patients. Phytomedicine, 16(1), 17-24. https://doi.
org/10.1016/j.phymed.2006.05.003

Ferreres, F., Figueiredo, R., Bettencourt, S., Carqueijeiro, 1.,
Oliveira, J., Gil-Izquierdo, A., Pereira, D.M., Valentao,
P., Andrade, P.B., Duarte, P., Barceld, A.R., Sottomay-
or, M. (2011). Identification of phenolic compounds in
isolated vacuoles of the medicinal plant Catharanthus
roseus and their interaction with vacuolar class III per-
oxidase: an H,O,, affair? J. Exp. Bot., 62(8), 2841-2854.
https://doi.org/10.1093/jxb/erq458

Gahan, P.B. (1984). Plant histochemistry and cytochemistry.
Academic Press, London.

Gabe, M. (1968). Techniques histologiques. Masson, Paris.

Gaillard, Y., Blaise, P., Darré, A. Barbier, T., Pépin, G.
(2003). An unusual case of death: suffocation caused
by leaves of common ivy (Hedera helix). Detection of
hederacosine C, a-hederin, and hederagenin by LC-El/
MS-MS. J. Anal. Toxicol., 27(4), 257-262. https://doi.
org/10.1093/jat/27.4.257

https://czasopisma.up.lublin.pl/index.php/asphc



Sulborska-Rézycka, A., Weryszko-Chmielewska, E., Kamirska, M. (2022). Localisation of bioactive compounds in the leaves of Hedera helix L.
(Araliaceae) — a medical and cosmetic plant. Acta Sci. Pol. Hortorum Cultus, 21(4), 31-44. https://doi.org/10.24326/asphc.2022.4.4

Gora, J., Lis, A. (2005). Najcenniejsze olejki eteryczne. Wy-
dawnictwo Uniwersytetu Mikotaja Kopernika, Torun.

Jabtonska-Trypué¢, A., Czerpak, R. (2008). Surowce kosme-
tyczne i ich sktadniki. Czg$¢ teoretyczna i ¢wiczenia la-
boratoryjne. Med-Pharm, Wroctaw.

Jensen, W.A. (1962). Botanical histochemistry principles
and practice, 1st ed. WH Freeman and Company, San
Francisco.

Johansen, D.A. (1940). Plant microtechnique. McGraw Hill,
New York, 523.

Kolalite, M.R., Oskolski, A.A., Richter, H.G., Schmitt, U.
(2003). Bark anatomy and intercellular canals in the
stem of Delarbrea paradoxa (Araliaceae). IAWA J.,
24(2): 139-154.

Karabourniotis, G., Liakopoulos, G. (2005). Phenolic com-
pounds in plant cuticles: physiological and ecophysio-
logical aspects. In: Advances in plant physiology, vol. 8,
Hemantaranjan, A. (ed.). Scientific Publishers, Jodhpur,
India, 33-47.

Karabourniotis, G., Liakopoulos, G., Nikolopoulos, D.,
Bresta, P., Stavroulaki, V., Sumbele, S. (2014). “Carbon
gain vs. water saving, growth vs. defence”: two dilem-
mas with soluble phenolics as a joker. Plant Sci. 227,
21-27. https://doi.org/10.1016/j.plantsci.2014.06.014

Kelayeh, T.P.S., Abedinzade, M., Ghorbani, A. (2019). A re-
view on biological effects of Lamium album (white dead
nettle) and its components. J. Herbmed Pharmacol.,
8(3), 185-193. https://doi.org/10.15171/jhp.2019.28

Kohlmiinzer, S. (2016). Farmakognozja. Podrgcznik dla
studentow farmacji. Wydawnictwo Lekarskie PZWL,
Warszawa.

Konyar, S.T., Oztiirk, N., Dane, F. (2014). Occurence, types
and distribution of calcium oxalate crystals in leaves and
stems od some species of poisonous plants. Bot. Stud.,
55(32). https://doi.org/10.1186/1999-3110-55-32

Korszun, S., Bykowska, J. (2011). Flowering plants of
Hedera helix L. in the Grunwald district of the city of
Poznan. Acta Agrobot., 64 (1): 45-56.

Kromer, K., Kreitschitz, A., Kleinteich, T., Gorb, S.N.,
Szumny, A. (2016). Oil secretory system in vegetative
organs of three Arnica taxa: essential oil synthesis, dis-
tribution and accumulation. Plant Cell Physiol., 57(5),
1020-1037. https://doi.org/10.1093/pcp/pcw040

Kruttschnitt, E., Wegener, T., Zahner, C., Henzen-Biicking,
S. (2020). Assessment of the efficacy and safety of ivy
leaf (Hedera helix) cough syrup compared with acetyl-
cysteine in adults and children with acute bronchitis.
Evid. Based Complement. Alternat. Med., 1910656.
https://doi.org/10.1155/2020/1910656

Lamer-Zarawska, E., Kowal-Gierczak, B., Niedworok, J.
(ed). (2012). Fitoterapia i leki roslinne. Wydawnictwo
Lekarskie PZWL, Warszawa.

https://czasopisma.up.lublin.pl/index.php/asphc

Lipinski, M. (2010). Pozytki pszczele, zapylanie i miododaj-
nos$¢ roslin. Panstwowe Wydawnictwo Rolnicze i Lesne,
Warszawa.

Lulai, E.C., Morgan, W.C. (1992). Histochemical prob-
ing of potato periderm with neutral red: a sensitive
cytofluorochrome for the hydrophobic domain of su-
berin. Biotech. Histochem. 67, 185-195. https://doi.
org/10.3109/10520299209110065

Lutsenko, Y., Bylka, W., Mattawska, 1., Darmohray, R.
(2010). Hedera helix as a medicinal plant. Herba Pol.,
56(1), 83-96.

Mace, M.E., Bell, A.A., Stipanovic, R.D. (1974). Histo-
chemistry and isolation of gossypol and related ter-
penoids in roots of cotton seedlings. Phytopathology,
64, 1297-1302.

Maddox, V., Westbrooks, R., Byrd, J.D. (2018). English Ivy
(Hedera helix L.). Tech. Rep. https://doi.org/10.13140/
RG.2.2.20982.24649

Metcalfe, C.R., Chalk, L. (1972). Anatomy of the dicotyle-
dons. Vol. 2. Oxford Press, London, UK.

Nakata, P.A., Kostman, T.A. and Franceschi, V.R. (2003).
Calreticulin is enriched in the crystal idioblasts of Pistia
stratiotes. Plant Physiol. Biochem., 41(5), 425-430. ht-
tps://doi.org/10.1016/S0981-9428(03)00049-4

Nowinski, M. (1977). Dzieje roslin i upraw ogrodniczych.
Panstwowe Wydawnictwo Rolnicze i LeSne, Warszawa.

O’Brien, T.P., McCully, M.E. (1981). The study of plant
structure: principles and selected methods. Termarcar-
phi Pty Ltd., Melbourne.

Ostroumova, T.A., Oskolski, A.A. (2010). Survey of the leaf
anatomy of Araliaceae and some related taxa. Plant Div.
Evol., 128(3-4), 423—441. https://doi.org/10.1127/1869-
6155/2010/0128-0020

Parimal, K., Khale, A., Pramod, K. (2011). Resin from herb-
al origin and a focus on their appliactions. Int. J. Pharm.
Sci. Res., 2(5), 1077-1085.

Petra, S.A., Georgescu, M.I., Manescu, C.R., Toma, F., Ba-
dea, M.L., Dobrescu, E., Popa, V.I. (2020). Leaves an-
atomical and physiological adaptations of Vinca major
“Variegata’ and Hedera helix L. to specific roof garden
conditions. Not. Bot. Horti Agrobot. Cluj Napoca, 47(4),
318-328. https://doi.org/10.15835/nbha48111784

Rioux, D., Nicole, M., Simard, M., Ouellette, G.B. (1998).
Immunocytochemical evidence that secretion of pectin
occurs during gel (gum) and tylosis formation in trees.
Phytopathology, 88, 494-505. https://doi.org/10.1094/
PHYTO.1998.88.6.494

Rostafinski, J., Siedl, O. (1962). Przewodnik do oznaczania
roslin. PWRIL, Warszawa.

Salinas, M.L., Ogura, T., Soffchi, L. (2001). Irritant contact
dermatitis caused by needle-like calcium oxalate crystals,
raphides, in Agave tequilana among workers in tequila

43



Sulborska-Rézycka, A., Weryszko-Chmielewska, E., Kamirska, M. (2022). Localisation of bioactive compounds in the leaves of Hedera helix L.
(Araliaceae) — a medical and cosmetic plant. Acta Sci. Pol. Hortorum Cultus, 21(4), 31-44. https://doi.org/10.24326/asphc.2022.4.4

distilleries and agave plantations. Contact Derm., 44, 94—
96. https://doi.org/10.1034/1.1600-0536.2001.440208.x

Savulescu, E., Luchian, V. (2009). Comparative anatomy
of the vegetative organs of the Hedera helix L. (Ara-
liaceae). Scientific Papers, series A, vol. LII. USAMV
Bucharest, 487-490.

Seneta, W., Dolatowski, J. (2007). Dendrologia. WN PWN,
Warszawa.

Solovchenko, A., Merzlyak, M. (2003). Optical properties
and contribution of cuticle to UV protection in plants:
experiments with apple fruit. Photochem. Photobiol.
Sci., 2(8), 861-866. https://doi.org/10.1039/b302478d

Strzelecka, H., Kowalski, J. (2000). Encyklopedia zielar-
stwa 1 ziololecznictwa. Panstwowe Wydawnictwo Na-
ukowe, Warszawa.

Sulborska, A., Konarska, A., Matysik-Wozniak, A., Dmi-
truk, M., Weryszko-Chmielewska, E., Skalska-Kamin-
ska, A., Rejdak, R. (2020). Phenolic constituents of
Lamium album L. subsp. album flowers: anatomical,
histochemical, and phytochemical study. Molecules 25,
6025. https://doi.org/10.3390/molecules25246025

Szweykowska, A., Szweykowski, J. (ed). (2003). Stownik
botaniczny. Wiedza Powszechna, Warszawa.

Savulescu, E., Luchian, V. (2009). Comparative anatomy of
the vegetative organs of the Hedera helix L., (Araliace-
ae). Scientific Papers, Series A, USAMYV Bucharest, 52,
487-490.

S¢epankova, L., Hudék, J. (2004). Leaf and tepal anatomy,
plastid ultrastructure and chlorophyll content in Galan-
thus nivalis L. and Leucojum aestivum L. Plant Syst.
Evol., 243(34), 211-219. https://doi.org/10.1007/
$00606-003-0086-y

44

Tantry, M.A., Bhat, G.A., Idris, A., Dar, J.A., Al Omar, S.Y.,
Masoodi, K.Z., Bashir, A., Ganai, B.A., Kamili, A.N.,
Shawl, A.S. (2014). Sulfated triterpenes from Lemon
balm. Helv. Chim. Acta, 97, 1497-1506. https://doi.org/
10.1002/hlca.20140 0001

Van Wyk, B-E., Wink, M. (2004). Medicinal plants of the
world. An illustrated scientific guide to important me-
dicinal plants and their uses. Timber Press, Portland,
Oregon.

Volk, G.M., Lynch-Holm, V., Kostman, T.A., Franceschi,
V.R. (2002). The role of druse and raphide calcium ox-
alate crystals in tissue calcium regulation in Pistia stra-
tiotes leaves. Plant Biol., 4(1), 34-45. https://doi.org/
10.1055/5-2002-20434

Zheng, P., Yagami, S., Aoki, D., Yoshida, M., Sano, Y.,
Matsushita, Y., Fukushima, K. (2017). The composition
and chemical alteration of gums in the vessels of Phel-
lodendron amurense. Holzforschung, 71(12), 969-976.
https://doi.org/10.1515/hf-2017-0057

Zeng, J., Huang, T., Xue, M., Chen, J., Feng, L., Du, R.,
Feng, Y. (2018). Current knowledge and development
of hederagenin as a promising medicinal agent: a com-
prehensive review. RSC Adv., 8, 24188. https://doi.org/
10.1039/c8ra03666g

Zhai, Ch., Wang, M., Raman, V., Rehman, J.U., Meng, Y.,
Zhao, J., Avula, B., Wang, Y-H., Tian, Z., Khan, L.A.
(2017). Eleutherococcus senticosus (Araliaceae) leaf
morpho-anatomy, essential oil composition, and its bi-
ological activity against Aedes aegypti (diptera: Culici-
dae). J. Med. Entomol., 54(3), 658—669. https://doi.org/
10.1093/jme/tjw221

https://czasopisma.up.lublin.pl/index.php/asphc


https://doi.org/10.1093/jme/tjw221
https://doi.org/10.1093/jme/tjw221

