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ANATOMICAL AND PHYTOCHEMICAL STUDY LEAVES
OF PARTHENOCISSUS QUINQUEFOLIA (L.) PLANCH

Topicality. P. quinquefolia (L.) Planch. is often used in ornamental landscaping in urban cities. Over the past ten years, the species
has naturalised in numerous natural and anthropogenic habitats, especially near megacities. In addition to its vertical growth form, it
also has a ground growth form, and therefore often suppresses the growth of native species in the grass area, thereby transforming the
coenosis into a new type. An analysis of the literature indicates the prospects for its use in medicine and pharmacy, as its compounds
have a number of medicinal properties, including antioxidant, capillary-strengthening, detoxifying, anti-inflammatory, antiviral, and
antidiabetic effects. Given the prospects of the species for use in medicine, as well as the availability of a sufficient resource base of P.
quinquefolia, it can be considered a potential source of raw materials for pharmaceutical needs.

The aim of the work was to conduct morphological, anatomical and phytochemical studies of P. quinquefolia leaves to create a
project of a monograph on the studied medicinal plant material.

Materials and methods of the study. The material for the study was the leaves of P. quinquefolia, which were harvested in the
flowering and fruiting stages of the growing season. The microscopic diagnostic study was carried out according to the generally
accepted methods of the SPhU. The obtained micro preparations were examined in aqueous medium and aqueous glycerol solutions of
different concentrations under a ULAB microscope (x40, x100, x1000) equipped with a Canon EOS 550 digital microphotographic
camera. The identification of biologically active substances of P. quinquefolia was carried out using conventional qualitative and
histochemical reactions.

Research results and their discussion. According to the results of morphological and anatomical analysis of P. quinquefolia leaves,
it was found that this species has a number of species-specific features that will allow to distinguish it from other species of the genus.
According to the results of qualitative reactions, the presence of polysaccharides, saponins, tannins, anthocyanins, hydroxycinnamic
acids and flavonoids in the leaves of P. quinquefolia was established.

Conclusions. The main morphological characters of P. quinquefolia leaves were determined. The main diagnostic anatomical
features of P. quinquefolia leaves were determined: the presence of two types of calcium oxalate crystals (druses, raphides); cells-
idioblast; simple 6-8 cell trichomes; lenticels of petioles and stomatas of anomocytic type. The main biologically active substances of P.
quinquefolia leaves were determined: polysaccharides, flavonones, flavones, condensed tannins, hydroxycinnamic acids and saponins.
Further detailed phytochemical study of this species will allow to develop a project monograph on the raw materials of P. quinquefolia.

Key words: P. quinquefolia, leaves, epidermis, identification.
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AHATOMIYHE TA ®ITOXIMIYHE JOCJIII>KEHHS JIMCTKIB
PARTHENOCISSUS QUINQUEFOLIA (L.) PLANCH

Axmyansuicme. P. quinquefolia (L.) Planch. yacmo eukopucmogyemucs y 0eKopamuerHomy o3eieHeHHi pisHux micm. 3a ocmamuHi
decsaimy POKig 6U0 HAMYPANi3y6a6Cs Y YUCIEHHUX NPUPOOHUX MA AHMPONO2eHHUX biomonax, 0cobaueo nop:o i3 mezanonicamu. Bin mae
OKPIM 6ePMUKAILHOT hopMu poCmy wie Ul HA3eMHY, a MOMY YACMO NPUSHIYYE picm abOpueeHHUX 8UOI8 Yy Mpaeg THOMY NOKPUGL, MuM
camum nepemeopoouy yeHo3 Ha Hogull mun. Ananiz nimepamypu 6xazye Ha nepcnekmuHiCmy UKOPUCAHHI 020 8 MeOUYUHT ma
Gapmayii, ocKinbKu cnoayKu, wjo 6x005ams 00 1020 CKAA0Y, NPOAGIAIOMb HU3KY JIKYBANbHUX G1ACMUBOCHIEN, ceped AKUX. AHMUOKCU-
0aHmHa, KaniiApo3MiyHIoya, 0emoKCUKyloua, npomu3andibha, nPOMusipycha, aumuoiabemuuna. Ypaxoeyouu nepcneKmueHicns
8UOY U000 3ACMOCYBAHHA Y MEOUYUHI, 4 MAKONC HAABHICIMb docmamHboi pecypcHoi 6aszu P. quinquefolia, iioco mooicna pozensoamu
SIK nomenyitine 0vicepeno cuposutu 05t nompeb papmayii.

Mema 0ocnioxzcenns — nposecmu MOphoL020-anamomiune ma Gimoximiune 0ocuiodxcens iucmxie P. quinquefolia ons cmeopen-
Hs npoeKmy Monozpaghii na 00ciodicysany nikapcoKy pOCIUHHY CUPOBUHY.

Mamepian i memoou. Mamepianom 0ns docniodicenns 6ynu aucms P. quinquefolia, siki 3aeomosnsiiu y ¢azi ysiminnst i ni00oHo-
wenns. Mikpockoniune diaznocmuyne 00CIi0NACeH S NPOBOOUNU 34 3a2ANbHONPULHAMUMU Memoouramu JIDY. Ompumani mikponpe-
napamu 00CioNHCYy8anU y 600HOMY CepedosUnli ma 60OHUX PO3UUHAX 2TiYepUuHy pisHoi Konyenmpayii nio mikpockonom ¢ipmu ULAB
(%40, x100, x1000), axuii obnadnanuii yugposoio mikpogomoxameporo Canon EOS 550. [0enmudpixayiro bionoeiuno axmusnux pe-
yoeun P. quinquefolia nposoounu 3a 0onomozoro 3a2an1bHONPUUHAMUX SKICHUX MA 2iCMOXIMIYHUX PeaKkyill.

Pezynomamu docniodycennsn. 3a pesyrbmamamu Mopgono2o-anamomiunozo ananisy aucmkie P. quinquefolia écmanoeneno, wjo
O0aHUll NPeOCMAaBHUK MAE HUZKY GUOOCNEYUDIUHUX O3HAK, SKI 0A0YMb 3M02Y GUOKPEMUMU 1020 cepeo THWUX NpedCmasHuKie pody. 3a
pe3yibmamamu npoedeHuUX AKICHUX peakyitl yCmaHoseieHo HassHicmy y aucmkax P, quinquefolia nonicaxapuoie, canouinis, 0younbHux
PEYOBUH, AHMOYIAHIE, 2IOPOKCUKOPUUHUX KUCTIOM MA (IABOH0I0I8.

Bucnoeok. Yemanosneno ocrnosni mopgonoziuni osnaxu nucmrie P. quinquefolia. Busnaueno conoeni oiaznocmuuni anamomiuni
osnaxu aucmkie P, quinquefolia: nasenicmes 060x munie Kpucmanie oxcaramy Kauvbyiro (0pysu, pagiou); kiimun-ioioonacmie; npo-
cmux 6—8-KAIMuHHUX MPUXOM; COUEBUHOK HepeuKa ma aHOMOYUMHO20 Npoouxoe02o anapamy. Busnaueno ocnoemi Oionoziuno ak-
mueni pevosunu nucmrie P. quinquefolia: nonicaxapuou, ¢nasononu, gnasonu, konoencogani OyoUIbHI peuosun, 2i0pOKCUKOPUYHI
Kkucnomu ma canotinu. Ilooanvue demanvhe Gimoximiune 6uUHUeHHs Yb0o2o 6UOY OACTb 3MO2Y PO3POOUMU NPOEKM MOHOZpapii Ha
cuposuny P. quinquefolia.

Kniouogi cnosa: P. quinquefolia, nucms, enioepma, ioenmugpixayisi.

Introduction. Topicality. Biological pollution of the
environment due to invasion and rooting of adventive
species in communities of natural and restorative native
vegetation has been recognised as one of the most
pressing environmental problems not only in Ukraine
but also worldwide (Davis, 2003; Blossey, 1999).
P. quinquefolia Planch. is a kenophyte, agriophyte,
ergasiophyte native to North America (Burda, 2015).
There are three species of the genus Parthenocissus in
Ukraine: P. inserta Fritsch., P. tricuspidata Planch., and

®diroTepanis. Yaconuc

P, quinquefolia (L.) Planch. (Mosyakin, 1999). The latter
is often used in decorative landscaping of our cities.
Over the past ten years, the species has naturalised in
numerous natural and anthropogenic habitats, especially
near megacities and in disturbed areas (Burda, 2015). In
addition to its upright growth form, it also has a ground
growth form, and therefore often suppresses the growth
of native species in the grass cover, thus transforming
the coenosis into a new type. One way to control this
species, which is alien to our flora, is to use it in medicine
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and pharmacy, as it has a variety of medicinal properties.
In particular, f-amyrilhexadecanoate, extracted from P
quinquefolia leaves, acts as a thrombin inhibitor (Yang J,
2010). Chinese scientists have isolated resveratrol trans-
dehydrodimer, 3,4,5-trihydroxy-benzoic acid, cifostemin
A and B, palidol from this representative by means
of chromatographic method, quercetin-3-O-alpha-L-
rhamnoside, myricetin-3-O-alpha-L-rhamnoside, which
exhibited antioxidant, capillary strengthening, detoxifying
anti-inflammatory, antiviral and antidiabetic effects (Yang
J, 2010; Chistohodova, 2002; Baur, 2006). The infusion
of the leaves had astringent, diuretic, anti-diarrhoea,
choleretic, analgesic, antioxidant and antiparasitic effects
(Moerman, 1998). Since P. quinquefolia is a perspective
species for its use in medicine and has a sufficient
resource base, our goal was to study the morphological
and anatomical features of the leaves as a potential raw
material for pharmaceutical needs.

The aim of the work. The aim of this work was to
study the morphological, anatomical and phytochemical
characteristics of P. quinquefolia leaves, which will be
used to create a project of a monograph on the research
raw material.

Materials and methods of the study. The material for the
research was the leaves of P. quinquefolia. The leaves were
harvested in two phases: flowering (green, summer leaves)
and fruiting (crimson, autumn leaves). Sections of the leaf
blade were used for microscopic diagnostic analysis. Both
fresh and dried raw materials were used for the preparation
of micro preparations. The microscopic diagnostic study was
carried out according to the generally accepted methods of
the SPhU (SPhU, 2015). To better separate the epidermis of
the leaves, they were pre-boiled in a 5% sodium hydroxide
solution for 2 min. To lighten the objects, they were
boiled in an aqueous solution of chloral hydrate (4:1). The
resulting micro preparations were examined in water and
glycerol solutions of different concentrations under a ULAB
microscope (x40, x100, x1000) equipped with a Canon
EOS 550 digital microphotographic camera. To increase the
objectivity of the results, 10 microdissections were examined
for each object. The stomatal index was calculated according
to the standard method described in the State Pharmacopoeia
of Ukraine (SPhU, 2015). The identification of biologically
active substances of P quinquefolia was carried out using
conventional qualitative and histochemical reactions (SPhU
2004, Kovalov, 2014).

For histochemical reactions, fresh and pre-soaked
dried raw materials were used. For easier separation of
the epidermis of leaf petioles, they were boiled in a 5%
sodium hydroxide solution for 5 min before preparation
of microdissections. To obtain illuminated objects, they
were boiled in an aqueous solution of chloral hydrate
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(4:1). To perform qualitative reactions for the detection
of polysaccharides, saponins, tannins, catechins,
anthocyanins, hydroxycinnamic acids, flavonoids, and
phenolic compounds, aqueous and aqueous-alcoholic
extracts from green (summer) and purple (autumn) leaves
were prepared according to generally accepted methods
(Dolia, 2003; Kovalov, 2014).

Research results and their discussion. The
morphological and anatomical analysis of P. quinquefolia
leaves demonstrated that this representative has a number
of species-specific features that allow to distinguish it
from other representatives of the genus.

The leaves of P. quinquefolia are palmately compound,
five-lobed, elliptical with an acuminate apex and a wedge-
shaped base, unevenly narrowed, large-toothed along the
edge (fig. 1).

Fig. 1. Leaves of P. quinquefolia:
A — green (summer), B — crimson (autumn)

On the dorsal side, pubescence is found along the
central and lateral veins, and on the ventral side along
the edge of the leaf blade and along the central vein

(fig. 2).

c - » BT "::(.»_“- .

Fig. 2. Fragment of the leaf blade of P. quinquefolia
x 40: A, B — dorsal side; C, D — ventral side

In the epidermal cells of the petiole and around the
fibrovascular bundles, druses are arranged in orderly
rows (fig. 3).
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Fig. 3. Fragment of epidermis and cross-section of
the central part of petiole P. quinquefolia: A — x400,
B —x1000: C — open collateral vascular bundle x400:
1 — phloem, 2 — cambium, 3 — xylem, 4 — mechanical
tissue, 5 — main parenchyma, 6 — raphides,

7 — druses

In the cells of the main parenchyma of both petiole
and leaf blade, idioblasts with raphides that are pointed
at one end and blunt at the other are often found; stomata
are of anomocytic type; trichomes, which occur mainly
along the leaf veins on the abaxial side, are simple
6-8-celled with slightly warty epidermis (fig. 4).

Fig. 4. Fragment of the leaf blade and epidermis
of P. quinquefolia petiole: A, B — cells of the main
parenchyma with needle-shaped calcium oxalate
crystals x1000: 1 — cell-idioblast; C — anomocytic
stomatal apparatus x1000; D — fragment of abaxial
epidermis with trichome x400

The leaves of P. quinquefolia are of hypostomatal type with
numerous anomocytic stomata only on the lower epidermis
(fig. 5). The stomatal index was 11.3 = 4 %, indicating an
average degree of transpiration of the leaf blade surface.

The cells of the adaxial epidermis of the leaf are
parenchymal, square or rectangular in shape with
thickened membranes and simple straight pores in the
cell membrane without stomata (fig. SA). The cells of the
abaxial epidermis are sinuous, irregular in shape with thin
membranes and stomata (fig. 5B), and rectangular in shape
along the veins (fig. 5C). Single, needle-shaped crystals
are found in the cells of the lower and upper epidermis.

The results of the qualitative reactions revealed the
presence of polysaccharides in the leaves of P quinquefolia
polysaccharides (with 96% ethanol), saponins (foaming
reaction; with lead acetate), tannins (with 1% gelatin solution;
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with iron-ammonium alum; with lead acetate), anthocyanins
(with sulfuric acid), hydroxycinnamic acids (with hydrochloric
and sulfuric acids) and flavonoids (cyanidin reaction; with lead
acetate; reaction with 1% vanillin solution).

Fig. 5. Leaf epidermis of P. quinquefolia x1000:
A — adaxial epidermis, B — abaxial epidermis,
C — abaxial epidermis along the vein

To confirm the qualitative reactions for the detection
of carbohydrates and tannins, a number of histochemical
reactions were performed.

The presence of polysaccharides in the sample was
confirmed by the Molisch reaction (Dolia, 2003). We
observed the coloration of the cut cells in orange-red
colour, which indicates the presence of polysaccharides
in the sample (fig. 6 A, D).

The reaction with the addition of methylene blue to a
transverse section of a wide part of the petiole confirmed
the presence of mucilage in the cells (fig. 6 B, E).

A section of the petiole of the object under study with a
1% solution of iron (III) chloride resulted in the appearance
of a dirty black-green colour of the cells, indicating the
presence of tannins in the sample (fig. 6 C, F).

Fig. 6. Results of histochemical reactions: A — x400,
D — x1000 detection of polysaccharides on the
cross-section of the petiole; B — x400, E — x1000
identification of slime in the cells of the wide part
of the petiole on the cross-section: 1 — cell-idioblast;
C —x400, F — x1000 results of the reaction to detection
of tannins on the cross-section of the petiole

111 -

Ne 2, 2023



Haykosi 3i6paHHA

Conclusions. Itwas found thatthe mainmorphological
characters of the leaves of P. quinquefolia are the shape
of the leaf blade, type of venation, pubescence and the
presence of an expanded part at the base of the rachis.

It has been found that the main diagnostic anatomical
features of P. quinquefolia leaves are the presence of two
types of calcium oxalate crystals (druses, raphids); cells-
idioblast; simple 6-8-celled trichomes; petiole lenticels
and anomocytic stomatal apparatus.

It was determined that the leaves of P. quinquefolia
contain the following biologically active substances:
polysaccharides, flavonones, flavones, condensed
tannins, hydroxycinnamic acids and saponins.

Theleaves of P. quinquefolia can potentially be a source
of medicinal plant material containing polysaccharides,
tannins and anthocyanins. Further detailed phytochemical
study of this species will allow to develop a project
monograph on P. quinquefolia raw materials.
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