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MICROSCOPIC AND HISTOCHEMICAL STUDY ON THE PETIOLAR ANATOMY
OF SPECIES OF THE GENUS PARTHENOCISSUS PLANCH.

Actuality. Species of the genus Parthenocissus Planch. are widely distributed as ornamental plants throughout the world, including
in Ukraine, where they are common in forests, parks, botanical gardens and on homestead plots, actively growing and capturing new
territories.

Considering the availability of raw materials (leaves, fruits, bark), its significant reserves in Ukraine, insufficient study of the
chemical composition of biologically active substances (BAS) (in the literature there are only isolated data relating to some groups
of BAS), as well as based on the data of our own phytochemical studies, the species Parthenocissus Planch. are promising for
comprehensive pharmacognostic study and potential further medical application.

The objects of the study were three species of the genus, which are widely introduced in Ukraine: The Asian Japanese creeper P.
tricuspidata (Sieb. et Zucc.) Planch. and the North American Virginia creeper P. quinquefolia (L.) Planch. and thicket creeper P. inserta
(A. Kerner) Fritsch.

Anatomical studies of the petioles of these species are significant in investigating the species identity of closely related species of
Parthenocissus, which are difficult to determine only by morphological features. They allow to reliably setting characteristic anatomical
specific diagnostic features inherent to a certain species of the genus. Anatomical and histochemical studies of Parthenocissus petioles
will be taken into account in the development of quality control methods (QCM) to determine diagnostic features of new promising
medicinal plant raw materials based on species of the genus Parthenocissus.

The aim of the work is Parthenocissus species, which can be effectively used for species identification and determination of
medicinal plant raw materials, as well as to conduct its histochemical study.

Material and methods. The material for the study are leaf petioles of P. tricuspidata, P. quinquefolia and P. inserta, which were
collected during the fruiting of plants in August — September 2024 from the collection plot “Climbing Plants™ in the M.M. Gryshko
National Botanical Garden of the NAS of Ukraine (Kyiv).

For microscopic analysis, cross-sections of petioles in their proximal, medial and distal parts were used, which were made by hand
using a razor. The study was carried out under a light microscope SUNNY XSM-20 6 500; images were taken with a digital camera Sigeta
MCMOS 5100 5.1 MP. Anatomical measurements and statistical processing were performed using Image J software. Histochemical
reactions were performed for: lipophilic compounds — with Sudan III (Alfa Aesar); phenolic compounds — with ferric chloride 2%
(Ukrchemgroup), lignified structures — with 1% solution of phloroglucinol in alcohol and HCI (phloroglucinol/HCI) (Merck), starch—with
Lugol solution (Filisit-Diagnostics); mucus — with a solution of methylene blue in alcohol (1:5 000) (Filisit-Diagnostics).

Research results. For the petioles of three Parthenocissus species in their proximal, medial and distal parts, microscopic features
and anatomometric indicators were determined, namely: the shape of the cross-section, the structure of the epiderma, cortex, fibro-
vascular bundles and core, as well as the types, shape and localization of crystalline inclusions were investigated. Histochemical
studies of the petioles were carried out to determine the presence and localization of lipids, starch, mucilage and phenolic compounds.

As a result of the research, it was found that the most important diagnostic features of the petioles of P. tricuspidata, P. quinquefolia,
P, inserta, which have high taxonomic value, are: the shape of the cross-sectional outline of the petiole; the presence or absence of
trichomes; the nature of the location of the cortex collenchyma; the degree of development of sclerenchyma; the presence of additional
bundles in the cortex; the nature of the location and degree of development of the inter-bundle lignified parenchyma. According to the
results of histochemical reactions, waxy substances of the cuticular membrane were detected, lipophilic and/or essential oil secretory
cavities in the phloem; lignified sclerenchyma fibers, xylem elements, inter-bundle parenchyma and parenchyma around the xylem;
starch; phenolic compounds; mucilage localized in the mucilage-crystalline idioblasts.

Conclusion. Microscopic diagnostic features of the structure of petioles of three Parthenocissus species have been studied and
established, which can be used as additional ones in determining closely related morphologically similar species of the genus, as
well as in identifying medicinal plant raw materials. The obtained data can also be used for developing regulatory documentation for
medicinal plant raw materials — leaves of the studied Parthenocissus species.

Key words: microscopic analysis, petiolar anatomy, Japanese creeper Parthenocissus tricuspidata (Sieb. et Zucc.) Planch., Virginia
creeper P. quinquefolia (L.) Planch., thicket creeper P. inserta (A. Kerner) Fritsch.
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MIKPOCKOIIYHE TA I'ICTOXIMIYHE JOCIIKEHHA YEPEIIKIB BU/IIB
POAY PARTHENOCISSUS PLANCH.

Axmyanvricmo. Buou pooy dieouuti eunocpad Parthenocissus Planch. wiupoxo po3nogcrooceti ik 0ekopamusHi pOCIUHU 8 YCbOMY
ceimi, 30kpema 6 Yxpaini, 0e 60HU NOWUPEHI 8 Ticax, NapKkax, 6OMAHIUHUX cadax i Ha NPUCAOUOHUX OLISIHKAX, AKMUBHO PO3POCMA-
10MbC Ma 3aXONII0I0Mb HOGL MepUmopii.

3easicarouu na docmynuicmv cupoguHu (TUcms, nI0OU, Kopa), it 3HauHi 3anacu 6 YKpaini, HeOOCMAMHIO UEHEHICMb XIMIUHO20
ckaady bionoziuno akxmuenux peuosur (bAP) (v nimepamypi icnyloms auuie okpemi po3pizHeHi OaHi, Wo CMOCYIOmMbCs 0esiKUX epyn
BAP), a maxooic uxo0suu 3 0aHUX 61ACHUX GImMOXIMIUHUX D0CHiodNceHb, suou Partenocissus Planch. € nepcnexmugnumu 015 Komniex-
CHO2O PapmMaKoSHOCMUYHO20 GUSYEHHS A NOMEHYILIHO20 NOOUNLUO20 MEOUUHO20 3ACMOCY BANHSL.

006’ exmamu 00CIONCEHH CMAnU Mpu 6UOU POOY, KL WUPOKO IHMPOOYKOGaHi 6 YKpaiui, a came — asiiicbkutl 0igouuli UHO2PAO
mpueocmpoxinyesuti P. tricuspidata (Sieb. et Zucc.) Planch., nieniunoamepurancoki disouutl eunoepao n’smunucmuil P. quinquefolia
(L.) Planch., disouuii eurnoepao npukpinnenuii P. inserta (A. Kern.) Fritsch.

Anamomiuni 00CHIONCeHHs UePeulKi6 3a3HAUeHUX UJI6 € 3HAUYWuUMU OJisl 6CMAHOBIEHHS 6UO0BOT I0eHMUYHOCME ONU3bKOCNOPIO-
Henux 6uoie Parthenocissus, siKi 8ajicKo 6U3HAUUMU TUULE 30 OONOMO20I0 MOPHON02IUHUX 03HAK. BoHU 00360510Mb 00CMOBIPHO 6cma-
HOBUMU XAPAKMEPHI AHAMOMIUHT Cneyuhiuni OiaeHOCMUYHI 03HAKU, 6/1ACMUBL KOJXCHOMY Uy 01604020 6uHO2pady. Anamomiuni ma
2icmoximiuni docnioxcents uepeuikie Parthenocissus 6y0yme epaxosani nio uac pospoonenns MK ons ecmanosnenns oiaenocmuy-
HUX 03HAK HOBOI NEPCneKmueHol IKapcbKoi pOCIUHHOL CUPOBUHU HA OCHOGI 8UJI6 POOY i6OUUL 8UHOSPAO.

Mema oocnioxncenns — 3’scysamu cmpyKmypHi I0OMIHHOCIE 8 AHAMOMIL uepewKis piznux udie Parthenocissus, siki modcna egek-
MUBHO SUKOPUCMOBYS8amU OJis 8UO080I I0eHmu@IiKayii ma U3HAUEeHHs TIKAPCbKOI POCIUHHOL CUPOBUHU, A MAKOIC npogecmu it 2icmo-
Ximiune 00CniONHCeHHA.
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Mamepian i memoou. Mamepianom ons docniddncenns 6ynu yepewku aucmkie P. tricuspidata, P. quinquefolia, P. inserta, ski
3i0pami nio yac nio0oHOWeHHA pociun 8 cepnui — eepeci 2024 poky 3 Konexyiunoi oinanku «Bumki pociunuy y Hayionanvnomy
bomaniunomy caoy imeni M.M. I puwra Hayionanvroi akademii nayx Yxpainu (micmo Kuis).

[ MIKpOCKONIUHO20 AHANIZY BUKOPUCTIOBYBANU NONEPEUHi 3Pi3u YepelKie 6 IXHill NPOKCUMATbHIN, MedlanbHill | OUCMAanbHIl
yacmunax, aki poounu 6i0 pyKu, 3a 00nomozor opumeu. Jocnioxcenns nposoounu nio ceimuosum mikpockonom “SUNNY XSM-20
6 500°; 3uimxu 3pobneni yugposoio kamepoio “Sigeta MCMOS 5100 5.1 MP . Anamomiuni umipo8anns ma cmamucmuyny o6pooxy
npoeoounU 3a 0ONOMO2010 npocpamnoeo 3abesneuennsa “Image J”. Bynu nposedeni cicmoximiuni peaxyii na. nino@ineui cnonyku — i3
Cyoanom I1I (Sudan I1I) (Alfa Aesar); enonvni cnonyxu — i3 xnopudom sanisa (I11) 2% (ferric chloride 2%) (Ukrchemgroup),; nienighi-
Kosawni cmpykmypu — 3 1% poszuunom gropoenoyuny y cnupmi ma HCI (phloroglucinol/HCI) (Merck),; kpoxmans — 3 pozuurnom Jloeons
(Lugol solution) (Dinicim-diaenocmuka), ciuz — 3 pO3UUHOM MEMULEH08020 culbo2o Y cnupmi (1:5 000) (inicim-diacnocmuxka).

Pesynomamu 0ocnioxcennsa. /[na yepewie mpvox 6udie Parthenocissus y iXHix npokcumanvbhill, MedianbHitl i OUCManbHill 4acmu-
HaX 3 ’SICOBANT MIKPOCKONIYHI 0COOIUBOCIII Tl AHAMOMOMEMPUYHI NOKAZHUKU, A came: hopma nonepeunozo nepepizy; 6yoosa enioepmu,
KOpU, BONOKHUCMO-NPOGIOHUX NYUKIG | Cepyesunu, a maxoxc 00Caioxiceni munu, popma ma noKanizayis KPUCMATIYHUX 6KIIOUEHD.
IIposedeni cicmoximiuni 00CIiOHCEHHA YepewKie 01A 3 ACYBAHH HAAGHOCMI Ma JIOKANI3ayii 1inidig, KPOXMANI0, CIU3Y MA PEeHONbHUX
CHOMYK.

V' pesynomami oocniooicenv ecmanosneno, wo Haubitbw 6aoMumMu OiaeHocmuuHuMu o3nakamu uepewxie P. tricuspidata,
P. quinquefolia, P. inserta, wo maromo Ucoxy makcOHOMIYHY YIHHICMb, €: popma 0OpuUCy nonepeunozo nepepisy uepeuika,; HaaeHicmy
YU GIOCYMHICMb MPUXOM; XAPAKMED POIMAULY8AHHS KOTNEHXIMU KOPU; CIYNIHb PO3GUMKY CKIIEPEHXIMU, HAABHICMb 000aMKOBUX NYUKIE
V KOpI, Xapakmep po3smauty8aHHs ma cmyniib po3GUMKY MIidCHyuKkoseoi nieHighikosanoi napeuximu. 3a pesyromamamu 2icmoximiu-
HUX peakryill UABNeHI 60CKONOOIOHI peuosunu KymuKyiapHoi memopanu, nino@inoni yu/ma egipooniini emicmuwa y ckaadi ¢io-
emu; NieHiQIKOBAHT CKAePEeHXIMHI 60JIOKHA, eleMEHMU KCUTLeMU, MIJNCIYYK08ad NAPEeHXiMa ma napeHxima HA6KoI0 KCUiemMu, KPOXMalb,
¢henonvHi cnonyku, caus, wo I0KANI308AHULL Y CIUZ080-KPUCMATIYHUX [0iobnacmax.

Bucnoeok. Busueni ma ecmarnogieHi MikpocKoniuHi 0iaeHoCmuyHi 03HaKu 0Y008u uepeuwikie mpbox eudie Parthenocissus, AKi
MOJICHA BUKOPUCIMOBYEAMU IK 000AMKOGI IO YaC GUHAYEHHS ONUILKOCNOPIOHEHUX MOPGONOSIUHO NOOIOHUX 6UAI8 POJY, A MAKOJIC
6 i0enmudghixayii nikapcokoi pocaunnoi cuposuny. Ompumani Oani maKodic MoJACYms 6ymu 6UKOPUCMAHI Ois pO3POONeHHs HOPMAMUG-

HOI' OoKyMenmayii Ha NiKapcoKy pOCIUHHY CUPOBUHY — TUCHA 00CTioxHcenux eudie Parthenocissus.
Knwuosi cnoea: mikpockoniunuil awanis, nemiolspHa aHamomis, O0i6ouuil euHocpad mpucocmpoxinyesutl Parthenocissus
tricuspidata (Sieb. et Zucc.) Planch., disouuii éunozpao n’amunucmuii P. quinquefolia (L.) Planch., oieouuii sunocpao npukpinnenuii

P. inserta (A. Kern.) Fritsch.

Introduction. Actuality. According to phyloge-
netic studies, five tribes are distinguished in the fam-
ily Vitaceae Juss., corresponding to five main clades:
Ampelopsideae J. Wen et Z. L. Nie, Cisseae Rchb., Cay-
ratieae J. Wen et L.M. Lu, Parthenocisseae J. Wen et
Z. D. Chen, Viteae Dumort.; the tribe Parthenocisseae
includes two genera: Parthenocissus Planch. (in dif-
ferent sources from 12 to 15 species) and Yua C. L. Li
(2 species) (Ren et al., 2011; Wen et al., 2018). The tribe
Parthenocisseae unites vines that climb with the help of
tendrils; tendrils 2— or 3—12-branched, with or without
sticky discs; leaves are usually palmately compound,
sometimes simple, without domatia (Wen et al., 2018).

Species of the genus Yua are distributed in China,
Vietnam, Nepal and North India; the genus was sepa-
rated from Parthenocissus on the basis of two-branched
tendrils without adhesive discs at the tip and an inflores-
cence in the form of a compact compound cyme with
a few dichasia opposite to leaves (Li, 1998; Wen et al.,
2018).

The genus Parthenocissus is disjunctively distrib-
uted in the temperate zone of the Northern Hemisphere
between Asia and North America; most species originate
from Temperate Asia (including P. tricuspidata (Sieb.
et Zucc.) Planch. and P. henryana (Hemsl.) Graebn. ex
Diels et Gilg, introduced in Ukraine), and only three from
North America: P. quinquefolia (L.) Planch, P. inserta
(A. Kern.) Fritsch (syn. P. vitaceae (Knerr) A. Hitchc.)
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(both species introduced in Ukraine) and P. heptaphylla
(Planch.) Britton (Gerrath et al., 2015; Wen et al., 2018).

Representatives of the genus Parthenocissus are pri-
marily of great decorative importance, due to their rapid
growth they are often used for landscaping facades of
buildings, fences and slopes, as well as for protecting
soils from erosion; their plantings in urban areas also
provide significant dust absorption, reduce air pollu-
tion and improve its quality. For this purpose, mainly
three species of Parthenocissus (as well as their forms
and cultivars) are widely grown in Ukraine: Japanese
creeper P. tricuspidata, Virginia creeper P. quinquefo-
lia, thicket creeper P. inserta; other species — Chinese
Virginia creeper P. henryana is given only for Crimea
(Vakhnovska et al., 2004; Gotsiy et al., 2023).

In Ukraine, P. tricuspidata occurs only in culture;
P. quinquefolia and P. inserta belong to anthropophytes —
adventitious species that spread in anthropogenic ecosys-
tems; by the degree of naturalization, P. quinquefolia is a
colonophyte (capable of forming primary populations or
colonies and spreads through diaspores in anthropogenic
ecotopes); P. inserta is an agro-epecophyte (stable in
anthropogenic ecosystems and capable of taking root in
disturbed natural coenoses) (Fedoronchuk et al., 2020).

Species of the genus Parthenocissus are of inter-
est for pharmacognostic studies, since a wide range of
BAS of different groups, such as saponins, polyphe-
nolic compounds (flavonoids, anthraquinones, tannins),

Ne 4, 2025
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cardiac glycosides, polysaccharides, organic acids,
etc., have been found in their leaves, shoots, bark, and
roots (Zhang, et al., 2016; Liang et al., 2018; Faisal et
al., 2018). However, the literature data on the compo-
sition of BAS of species of the genus Parthenocissus
are not systematic and are scattered. According to our
previous studies, in the leaves, shoots, and fruits of
P. quinquefolia, nine phenolic compounds were identi-
fied: rutin, quercetin, quercetin-3-p-glycoside, naringin,
epicatechin, catechin, halocatechin, and epicatechin gal-
late (Konovalova et al., 2023b). In the course of further
studies of various types of raw materials of P. quinquefo-
lia, we determined the presence of a wide range of BAS
of different chemical nature. In particular, the fatty acid
composition of the leaves and shoots of Virginia creeper
was studied by chromatography-mass spectrometry, the
highest content among unsaturated fatty acids is oleic,
linoleic, and laurooleic acids, among saturated ones —
palmitic, behenic, and stearic acids (Konovalova et al.,
2021c¢). Analysis of P. quinquefolia fruits by gas-liquid
chromatography-mass spectrometry (GC-MS) showed
the presence of free mono— and disaccharides, in particu-
lar, galacturonic acid, glucose, fructose, sucrose, man-
nose, galactose, fucose predominate (Konovalova et al.,
2021a). Also, in the leaves and shoots of P. quinquefolia,
the quantitative content of 19 amino acids was identi-
fied by GC-MS, 8 of which (valine, leucine, isoleucine,
threonine, methionine, lysine, phenylalanine, trypto-
phan) are essential; and the composition of phytosterols,
including B-sitosterol, urs-12-ene, stigmast-4-en-3-one,
and cycloartenol-3-acetate, was investigated (Konoval-
ova et al., 2022). For medical purposes, Parthenocissus
species are used due to their antioxidant, tonic, expecto-
rant, antirheumatic, antitussive, diuretic, and astringent
properties (Faisal et al., 2018; King, Henson 2021).

Given the economic and ecological importance of
Parthenocissus, along with the underdeveloped and con-
troversial intrageneric taxonomy, contradictions in the
interpretation of individual species, and difficult diag-
nosis using only morphological characters, especially
of closely related North American species (Gerrath et
al., 2015; Wen, et al., 2018; Gotsiy, 2023), further taxo-
nomic and anatomical and morphological studies of the
genus are promising.

Anatomical features are more stable in evolution
than morphological ones; therefore, they are important
for determining the relationships between species within
the family, as well as individual genera and families.
Elucidation of the anatomical features of Parthenocis-
sus will provide important information for distinguish-
ing closely related species, and will also allow determin-
ing diagnostic features of medicinal plant raw materials
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for the further development of the corresponding quality
control methods (QCM).

A promising method for diagnosis and confirmation
of species specificity is petiolar anatomy. While the
anatomical structure of the main plant organs — root,
stem and leaves — is relatively constant and typical for
dicotyledonous plants, the structure of the leaf petiole
is characterized by a wide variety of diagnostic features
(Konovalova et al., 2023a). Also, the anatomical struc-
ture of the petiole is quite stable within the genus, which
is useful for determining the taxonomic position of con-
troversial genera.

For the family Vitaceae, the structure of the peti-
oles can also be used as an important diagnostic feature
(Najmaddin, 2014). However, the anatomical features of
Parthenaocissus leaves and their petioles remain poorly
understood (Najmaddin, 2014; Lubna et al., 2019; Filar-
tiga et al., 2022; Makhynia, Yemelianova, 2023).

The most important diagnostic features of the struc-
ture of petioles are the shape of the cross-section, the
presence and number of additional vascular bundles, the
structure of the vascular system, the peculiarities of the
location of the collenchyma, etc. The taxonomic signifi-
cance is also shown and some general regularities of the
structure of the vascular tissues of the phloem and xylem
(mainly in the stem) of representatives of Vitaceae are
highlighted (Metcalfe, Chalk, 1950; Davis, Evert, 1970;
Angeles, Leon-Gomez, 1997; Takhtajan, 2009).

The study of diagnostic features of the structure of
leaf petioles of representatives of the genus Partheno-
cissus is of both theoretical interest for the purposes of
systematics and practical interest — from the point of
view of determining diagnostic features of medicinal
plant raw materials for their further standardization and
development of the QCM.

The aim of the study is to identify structural differences
in the anatomy of petioles of different Parthenocissus spe-
cies, which can be effectively used for species identification
and determination of medicinal plant raw materials, to take
into account the development of QCM for raw materials,
and to conduct appropriate histochemical studies.

Materials and research methods. 1. Collection of
plant material. Latin plant names are given by Interna-
tional Plant Names Index (IPNI) (https://www.ipni.org/).
The studied species: P. tricuspidata, P. quinquefolia,
P. inserta cultivated in the collection plot “Climbing
Plants” in the M.M. Gryshko National Botanical Garden
of the NAS of Ukraine (Kyiv); the identification of species
was carried out by V.V. Makovskyi, the curator of this plot.

Leaf samples of all studied species were collected
during fruiting in August—September 2024. Mature, max-
imally developed leaves were selected from the middle
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part of the annual growth of shoots. For each species, five
to ten leaves were collected from no less than five fruiting
shoots. For anatomical studies, petioles of selected leaves
were used, which were fixed in 70% alcohol.

2. Microscopic studies. For microscopic analysis,
cross-sections of petioles at their basal, middle and api-
cal parts were used, which were made by hand using a
razor. Sections were stained using 0,1% aqueous safra-
nin solution (Filisit-Diagnostics) for 1 min, washed with
70% ethanol, then stained with 1% aqueous Astra Blue
solution (Morphisto) for 2 min and washed with distilled
water (Kraus et al., 1998).

Tostudytheepidermaofpetioles,segmentsupto [-2cm
long were cut from their middle part, which were boiled
in a mixture of 50% lactic acid and 30% nitric acid; after
lightening, the segments of the petioles were washed
with water. Then a few leaves were boiled in 70% lactic
acid and 30% nitric acid till the leaves become trans-
parent. After maceration, the epiderma was separated
with a needle and stained using a 1% aqueous solution
of Astra Blue for 2 min and washed with distilled water.
In the epiderma samples of the petioles prepared in this
way, the shape and size of the cells were examined using
a light microscope, and the presence of stomata and
pubescence were noted.

The study was conducted using a SUNNY XSM-20
6 500 light microscope; images were taken with a Sigeta
MCMOS 5100 5,1 MP digital camera.

Anatomical measurements and statistical processing
were performed using Image J software (NIH, Wayne
Rasband; http://rsbweb.nih.gov/ij/); arithmetic mean (M)
and standard deviation (£SD) were calculated, the num-
ber of observations was 25-50 for each quantitative trait.

3. Histochemical studies. Histochemical reactions
were performed on: lipophilic compounds — with Sudan
III (Alfa Aesar); phenolic compounds — with ferric chlo-
ride 2% (Ukrchemgroup); lignified structures — with 1%
solution of phloroglucinol in alcohol and HCI (phloro-
glucinol/HCI) (Merck); starch — with Lugol solution
(Filisit-Diagnostics); mucilage — with a solution of
methylene blue in alcohol (1:5 000) (Filisit-Diagnostics)
(Solodovnychenko et al., 2014).

Research results and their discussion. 1. The out-
line shape of petiole cross-section.

The shape of the petiole cross-sections in the genus Par-
thenocissus has taxonomic significance (Najmaddin, 2014).

CepenHi 3Ha4YeHHS po3paxoByBayu s 25-50 croc-
TepeKeHb AJIs1 KOXKHOI KUTbKiCHOT 03HakH.Cross-sections
of petioles of the studied Parthenocissus species are
shown in fig. 1. The study showed that the shape of the

Table
Anatomometric parameters of P. tricuspidata, P. quinquefolia and P. inserta petioles
Parameters Proximal part of petiole Medial part of petiole Distal part of petiole
P. tricuspidata | P. quinquefolia P. inserta P. tricuspidata | P. quinquefolia P. inserta P. tricuspidata P. quinquefolia P. inserta
Whﬁ'r?::l 8.10£1.17 16.50+7.60 12.23+1.94 10.33+2.01 15.96:5.46 12.22+1.50 11.4742.14 15.68+3.74 12.35+1.29
Epidermal | | Giie um | 5441106 8.70-28.97 7.95-16.25 7.03-13.19 7.11-24.84 7.05-15.83 7.77-15.65 8.05-25.33 7.70-16.87
cells width. um | 11852331 29.653.53 1854%3.13 17.17+3.81 24.68+3.80 17.88+3.38 16.14%3.35 2092356 17.85+3.43
> 1 7.05-18.45 24.61-39.86 13.59-28.61 | 10.83-24.26 18.52-33.74 9.17-24.75 11.31-22.70 12.87-24.84 10.80-24.73
Tchel &5‘;2??:2"}3:&2’ 4.36+1.04 8.57+1.05 8.49+0.90 4.3240.72 8.43+1.14 8.10+1.01 3.90£1.07 8.58+1.11 11.88+1.62
X > €p 3.82-5.31 6.02-11.91 5.86-9.801 3.64-6.13 6.11-11.39 4.82-8.67 3.44-6.42 6.11-11.63 8.99-15.87
with the cuticle, pm
The
thickness onthe  |1279.63+201.67| 744.35+114.38 | 675.42460.42 |1134.074230.01| 519.35:94.99 | 435.47474.02 | 1069.88+141.80 | 529.72+90.80 | 555.43+117.69
of the adaxial side | 787.44-1462.76 | 563.11-1012.48 | 569.01-818.48 |770.04-1390.25 | 159.71-673.53 | 194.05-570.20 | 846.50-122555 | 390.88-674.80 | 402.26-818.08
outer cell
wall of the
epiderma on the 723.01#88.54 | 618.87+106.34 | 558.75:63.13 | 590.51+136.22 | 461.65:77.50 | 391.55+68.61 | 519.47+82.54 404.71486.61 | 487.38+76.54
withthe | abaxial side | 568.18-889.46 | 469.91-846.64 | 467.66-693.24 | 331.70-896.91 | 151.45-574.19 | 194.58-497.48 | 170.42-662.32 | 289.82-562.65 | 265.67-693.74
cuticle, pm
The thickness of the cortex | 273.63+92.33 | 399.70%53.18 | 257.81%56.98 | 173.14+28.60 | 196.82¢44.13 | 176.28457.50 | 155.57423.91 184.72439.09 | 156.00%26.27
collenchyma layer, um | 143.66-438.55 | 295.33-507.96 | 156.88-406.76 | 83.89-236.48 | 109.58-326.73 | 95.14-336.89 | 80.05-268.78 83.43-279.917 | 83.12-223.24
Collenchyma cell wall 9.91%2.20 12.31%3.29 0.19+1.35 0.56£1.32 9.20%2.05 9.30£2.03 0.67+1.73 9.06+1.74 10.94+1.78
thickness, pm 5.39-15.69 7.55-21.06 4.80-9.92 4.71-15.37 5.69-14.05 4.49-15.59 6.78-13.92 5.61-14.16 4.98-16.21
Diameter of collenchyma | 21.705.48 41.90+7.69 19.92+3.81 19.78+5.87 24274581 13.55+2.06 17.8545.41 21.51+4.40 13.36+3.62
cells, ym 9.93-33.92 20.96-53.73 13.80-25.69 9.76-31.29 13.03-35.82 8.99-18.05 8.44+31.60 10.44-32.48 10.24-17.27
Diameter of cortex 83.06£20.17 | 6541%17.87 | 51.79t1459 | 7567+2053 | 47.27%13.74 45724594 79.98£22.62 42.82+9.98 42.96+13.04
parenchymal cells, ym | 20.05-117.64 | 34.87-119.15 | 28.49-106.48 | 33.42-136.48 | 16.21-77.18 2551-89.12 | 28.96-120.07 15.59-70.49 25.68-80.90
The thickness of the 37.88+13.05 - 57.71+18.17 44.24+9.64 48.86+12.81 | 51.32%16.12 35.81+8.83 33.979.94
sclerenchyma sheath, um | 21.03-63.94 32.54-87.15 22.93-62.53 27.59-86.15 22.45-69.16 19.00-52.80 10.30-52.03
Diameter of sclerenchymal 15.51+4.67 R 25.94+4.93 20.71+4.33 9.04+1.96 23.4345.26 18.2243.43 8.7143.19
fibers, ym 7.28-30.36 16.11-38.26 13.03-28.52 4.65-12.37 13.78-35.36 9.94-25.62 4.38-16.68
Tgfestg'ecrffcf ‘r’;;hsi:‘i’iys 3.41+0.85 ) i 3.840.80 558+1.07 4.100.65 3.75:0.83 5.171.05 4.33+1.20
ccllsyum 2.09-5.66 2.04-5.96 3.98-7.48 274551 2.07-5.67 2.81-6.74 2.10-6.73
Phioem thickness. um | 10253%29.65 | 170.30£3319 | 171.49:4220 | 104.68:26.14 | 1157243106 | 80.41+13.42 | B89.08:25.46 129.32+38.91 | 124.47%37.19
oem thickness, W 50.75+197.65 | 111.13-233.16 | 80.09-247.67 | 46.59-162.40 | 42.16-195.37 | 50.91-103.66 | 51.72-147.91 55.79-220.79 | 60.94-205.70
Xvlem thickness. m 280.08+85.81 | 224.21%#37.24 | 196.56%36.26 | 265.04%66.59 | 211.73t48.79 | 157.10%32.66 | 195.1748.29 190.92450.82 | 146.09+30.24
Y W 125.32-414.40 | 74.52-264.45 | 99.81-253.43 | 105.76-374.29 | 107.26-306.51 | 80.78-233.23 | 97.87-306.49 89.19-281.56 | 79.21-223.15
Vessel diameter. um 31.634.80 34.84+10.26 27.335.29 30612951 35.00£8.48 30.37£7.81 29.27+6.85 30.68+6.20 27.95:6.54
essel dlameter, 21.02-41.50 15.16-53.63 16.44-35.89 | 16.37-47.03 20.98-53.05 12.76-45.85 11.18-41.05 17.82-46.94 12.09-42.24
Diameter of pith 128.04+34.89 | 134.890+39.55 | 83.87+24.28 | 117.69%22.73 | 94.07+19.37 60.72¢856 | 100.27+37.49 92.12+14.23 56.66:+14.21
parenchymal cells, ym | 51.68-220.46 | 56.80-224.16 | 40.46-150.53 | 47.59-215.89 | 38.76-131.31 | 46.19-83.48 38.6-205.23 27.85-115.11 | 38.23-105.72
Note. Average values were calculated for 25-50 observations for each quantitative feature..
[ P :
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petiole cross-sections in the proximal, medial, and distal
parts varies in different species.

In the cross-section, the proximal (basal) part of the
petiole of P. tricuspidata is oval; in P. quinquefolia it is
cordate; in P. inserta it is more or less circular; on the
adaxial side in P. quinquefolia it is almost flat, in P. tri-
cuspidata and P. inserta it is convex (fig. 1.1.A—1.1.C).
The dimensions of the petioles in the proximal part in
P. tricuspidata are larger in the dorsoventral direction
(in height) (HxW) (4 668,96 + 244,18 x 3 972,3 +
259,15); in P. quinquefolia it is, on the contrary, larger
in the tangential direction (in width) (4 936,22 + 282,07
x 5 255,21 £298,17); in P. inserta — approximately the
same in height and width (3 871,94 + 232,36 x 3 702,04
+252,18).

The medial (middle) part of P. tricuspidata peti-
ole in cross-section remains oval and compressed in
the tangential direction (3 726,32 + 298,22 x 2 947,04
+ 223,64), with a U-shaped notch on the adaxial side
(3 726,32 + 298,22 x 2 947,04 + 223,64) (fig. 1.2.A);
in P. quinquefolia it becomes more rounded (3 498,36
+ 251,37 x 3 665,73 £ 270,44), with a V-shaped pro-
trusion on the adaxial side (fig. 1.2.B); in P. inserta —
oval, somewhat elongated in the dorsoventral direction
(2 638,33 + 199,55 x 2 455,95 + 172,38), with a small
U-shaped notch on the adaxial side (fig. 1.2.C). Rib
traces become noticeable in the form of small rounded
protrusions, which are most pronounced in P. quinquefo-
lia (fig. 3.3.B, 3.4), least pronounced in P. inserta.

In the distal (apical) part, the cross-sections of the
petioles of all species approach rounded in shape; in
P. tricuspidata and P. inserta it is with a U-shaped notch
on the adaxial side (fig. 1.3.A, 1.3.C), and in P. quin-
quefolia a V-shaped protrusion remains (fig. 1.3.B); the
lateral ribs are most pronounced in P. quinquefolia, in P.
tricuspidata and P. inserta they are almost ivisible (fig.
1.3.A — 1.3.C). The cross-sections of the petioles have
a slightly greater height than width in P. tricuspidata
(3213,56+£222,63x3 197,08 £297,23) and in P. inserta
(2571,07 £195,61 x 2 411,17 = 185,28); in P. quinque-
folia, on the contrary, the width is slightly greater than
the height (3 180,65 + 294,33 x 3 345,53 + 263,17).

On microscope slides with the surface view of the
petioles, the epiderma of P. inserta and P. quinquefolia
consists of cells of predominantly quadrate, less often
triangular or irregular shape; in P. tricuspidata, the cells
are predominantly rectangular, and quadrate or irregular
ones are also found; the anticlinal walls of the cells of
all species are more or less straight (fig. 2.1.A, 3.1.A,
4.1.A). In terms of size (HxW), the epidermal cells are
the largest in P. quinquefolia, the smallest in P. tricus-
pidata, and intermediate in size in P. inserta. On the
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surface of the P. tricuspidata petiole, simple unicellular
trichomes (fig. 2.4), which are characteristic of Vitaceae
(Metcalfe, Chalk, 1950), are occasionally found; all spe-
cies also occasionally have stomata surrounded by four
to five subsidiary cells and lenticels (fig. 2.1.A, 2.3).

2. Epiderma.

In cross-section, epidermal cells are round or oval in
shape, with thickened membranes; the outer cell walls
are covered with a cuticular membrane (fig. 5.2.A,
5.2.B), which in P. inserta has prominent papillae
(fig. 4.2, 4.5, 5.2.C). The cuticular membrane is the
thinnest in P. tricuspidata (1,52 + 0,45 (0,89-2,85)),
thicker in P. quinquefolia (3,709 + 0,74 (2,23-5,10)) and
P. inserta (2,64 + 0,58 (2,10-5,91)).

Fig. 1. Anatomical structure of the petiole
of A. Parthenocissus tricuspidata, B. P. quinquefolia,
C. P. inserta.

Cross-section: 1. Proximal (basal), 2. Medial (middle),
3. Distal (apical). Staining Phloroglucinol/HCI. Ad — adaxial side,
Ab — abaxial side

3. Cortex.

The cortex in all species is most developed on the
adaxial side, especially in the petioles of P. tricuspidata;
it consists of collenchyma and cortex parenchyma. The
collenchyma is adjacent to the epiderma in P. tricusp-
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idata (fig. 2.2), or separated by a single-layered hypo-
dermis in P. quinquefolia and P. inserta (fig. 3.2, 4.2).
The collenchyma ring in P. tricuspidata is continuous
in all parts of the petiole (fig. 1.3); in P. quinquefolia
and P. inserta in the proximal part of the petiole the
collenchyma is continuous, and in the medial and dis-
tal parts it is located in small isolated islands in the ribs
of the petiole and is interrupted by chlorenchyma (fig.
3.3.B, 4.3.B, 4.5). Collenchyma with 4-6-angular cells,
the membranes of which are thickened at the corners,
is more developed in the proximal part of the petioles,
where it reaches the greatest thickness in P. quinquefolia
(fig. 3.3.B, 3.4, 3.5). The thickness of the collenchyma
cell walls does not differ significantly in different spe-
cies; their sizes are the largest in P. quinquefolia, the
smallest in P. inserta. In the collenchyma of all species,
cells with druses and raphides occur (fig. 2.6, 4.2).

Fig. 2. Anatomical structure of the petiole
of Parthenocissus tricuspidata (medial part)

Staining: A. Astra Blue; B. Phloroglucinol/HCI; C. Safranin/
Astra Blue.

1. Epiderma (in surface view); 2. Epiderma and collenchy-
ma in cross-section; 3. Lenticels; 4. Simple unicellular trichomes;
5. Druses in the cortex parenchyma; 6. Raphides in the collenchy-
ma; 7. Fibro-vascular bundles; 8. Xylem elements.

St — stomata, Ep — epiderma, Co — collenchyma, Pa — pa-
renchyma; Pal. — lignified parenchyma; Fi — bundle-sheath
of sclerenchyma fibres, Ph — phloem, sX — secondary xylem,
pX —primary xylem, PP — perforation plates, Ra— raphide crystals,
Dc — druse crystals: type of lignification of the cell wall of xylem
elements: rt — reticulate
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The cortex parenchyma, which is located inward
from the collenchyma, is of the same type in the studied
species; it is the most developed on the adaxial side, and
consists of large thin-walled cells, which are round in
cross-section and rectangular in tangential sections. The
size of the cortex parenchyma cells is the largest in P.
tricuspidata; in P. quinquefolia and P. inserta they do
not differ significantly. Cells with druses and raphides
are often found in the cortex parenchyma (fig. 2.5, 4.4).
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Fig. 3. Anatomical structure of the petiole
of Parthenocissus quinquefolia (medial part)

Staining: A. Astra Blue; B. Phloroglucinol/HCI. 1. Epiderma
(in surface view); 2. Epiderma and collenchyma cross and tangen-
tial sections; 3. Cortex and vascular bundles; 4. Ribs; 5. Collen-
chyma; 6. Druses and raphides in the pith; 7. Fibro-vascular in the
proximal part; 8. Fibro-vascular bundles in the medial part of the
petioles; 9. Xylem elements.

Hp — hypoderma, Ch — chlorenchyma; types of lignification
of the cell wall of xylem elements: an — annular, sp — spiral,
sc — scaliforme, pi — pitted, the other components of the legend
are same as in fig. 2

4. Fibro-vascular bundle.

The structural features of vascular bundles are of
taxonomic importance, especially their number and
structure of the xylem (Coutinho et al., 2016). Accord-

Ne 4, 2025




Bionoria. Papmauin

ing to literature data, the xylem of Vitaceae, in particu-
lar Parthenocissus, is characterized by large vessels
(30-50 um); perforation plates simple; tyloses; fibers
occur in narrow bands or patches separated by more
abundant thin-walled parenchyma; fibers non-septate,
very thick-walled, very long; vasicentric tracheids with
scalariform thickening and sometimes with delicate
spiral thickening; raphides in parenchyma and rays
(Metcalfe, Chalk, 1950). Vitaceae are also character-
ized by a petiole with a complete cylinder of vascular
tissue, or with a ring of vascular bundles connected by
parenchyma or by more or less lignified fibers; or vas-
cular bundles are isolated (Takhtajan, 2009). It has been
shown that the petioles of representatives of Vitaceae are
characterized by secondary xylem.

Diagnostic features of the structure of the vascular
system of Parthenocissus are: the number of central
(main) conductive bundles (ranging from 10 to 30 or
more); the degree of their isolation (completely isolated
from each other, or forming a closed false ring, or a false
ring open in the adaxial part); the presence of peripheral
additional vascular bundles.

Common features of the structure of the vascular sys-
tem of the studied species are the isolation of the cen-
tral vascular bundles regardless of the location of the
cross-section of the petiole. The vascular bundles are of
different sizes (larger and smaller bundles alternate), they
are clearly separated from each other and are not densely
located (fig.1,2.7.C, 3.3.B, 4.7.B). The xylem and phloem
are located collaterally, their structure is the same type.

The phloem reaches its maximum thickness in the prox-
imal and distal parts of the petioles of P. quinquefolia and
P. inserta, where the sclerenchyma fibers above the phloem
do not develop or develop weakly (fig. 1, 3.7.B, 4.6.B).
The streithening function in such bundles is performed by
peripheral collenchymatous parenchymal cells of the pri-
mary phloem (fiber rudiments), which do not stain or stain
weakly with phloroglucinol/HCI (fig.). The deposition of
callose in the protophloem is accompanied by the death of
sieve elements, companion cells and partial destruction of
their common walls (Davis, Evert, 1970).

In the medial and optionally distal parts of the pet-
ioles of P. quinquefolia and P. inserta, as well as in all
parts of the petiole of P. tricuspidata, sclerenchyma fib-
ers (pericyclic fibers or protophloem fibers) are located
on the periphery of the primary phloem (fig. 1, 2.7.B,
2.7.C, 3.8.B, 4.7.B). In all species, the sclerenchyma
caps above the primary phloem is bean-shaped, consist-
ing of 3 to 7 layers of weakly lignified fibers. The thick-
ness of the sclerenchyma sheath and the diameter of its
fibers are somewhat higher in P. tricuspidata, and their
walls are thicker in P. quinquefolia and P. inserta.
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The presence or absence, as well as the nature of
“pericycle” sclerenchyma has taxonomic value (Met-
calfe, Chalk, 1950). Also, weak development or absence
of sclerenchyma is a characteristic feature of long, flexi-
ble stems of climbing plants.

In the vascular bundles of the studied species, primary
and secondary xylem are found (fig.1, 2.7.B, 2.7.C, 3.3.B,
4.7.B). In the primary xylem (protoxylem and metaxylem),
the vascular elements have annular (in rings), spiral or scal-
iform lignification of the secondary cell walls (fig. 3.9.B,
4.8.B). In the protoxylem closer to the pith, the vascular
elements are destroyed and obliterated by the surround-
ing parenchymal cells. The parenchyma of the primary
xylem is not lignified, the fibers are not visible (fig. 3.9.B,
4.8.B). Secondary xylem consists of vessels, tracheids,
libriform fibers and parenchyma cells. All elements of the
secondary xylem are lignified, stained with phloroglucin
and safranin (fig. 2.7.B, 2.7.C, 4.8.B). The vessels of the
secondary xylem are wider, by the nature of the thicken-
ings porous pitted or reticulate (fig. 2.8.B, 3.9.B). The libri-
form fibers are non-septate, pitted, elongated and thickened
(fig. 4.8.B). Also, around the vascular bundles from the side
of'the cortex and pith, crystalline sheath of parenchymal cells
are formed containing druses and raphids (fig. 2.5, 3.6).

Differences in the structure of the vascular system of
the petiole depend on the species studied and the loca-
tion of the cross-section. The number of vascular bun-
dles in the proximal and medial parts of the petioles is
the smallest in P. tricuspidata 14-21, somewhat larger
in P. inserta 15-22 and P. quinquefolia 17-23; in the
distal part the number of vascular bundles is somewhat
reduced in all species due to the fusion of 2—3 bundles in
the adaxial part of the petioles (fig. 1). The diameter of
the vessels and the thickness of the xylem are the largest
in the high climbing lianas P. tricuspidata and P. quin-
quefolia and have slightly smaller values in P. inserta.

An important diagnostic feature of the vascular system
of P. tricuspidata petioles is the additional bundles located
in their adaxial part, as well as the presence of a false ring in
which individual vascular bundles are connected by layers
of lignified interfascicular parenchyma. These features are
preserved in all parts of the P. tricuspidata petiole (fig. 1).
Also, only in petioles of P. tricuspidata have a layer of
lignified parenchyma forms a sheath of bundle around the
xylem (fig. 2.7.C, 2.7.B). Petioles of P. inserta and P. quin-
guefolia do not have additional adaxial vascular bundles;
also in both species, interfascicular lignified parenchyma is
noted on cross-sections only in the medial and optionally in
the distal parts of the petioles and is completely absent in
the proximal parts (fig. 1, 3.3.B, 4.7.B). On cross-sections
in the medial part of the petioles of all species, the false ring
of vascular bundles is closed (fig. 1).
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In Vitaceae, the recognized primitive type of the
structure of the vascular system is a closed true ring of
vascular bundles formed by their fusion; the intermediate
type is a false ring; and the most evolutionarily advanced
type is discrete bundles. According to this characteristic,
the studied Parthenocissus species have an intermediate
type of the structure of the vascular system.

Fig. 4. Anatomical structure of the petiole
of Parthenocissus inserta (medial part)

Staining: A. Astra Blue; B. Phloroglucinol/HCI. 1. Epiderma
(in surface view); 2. Epiderma and collenchyma cross and tan-
gential sections; 3. Cortex and vascular bundles; 4. Cortex paren-
chyma; 5. Collenchyma; 6. Fibro-vascular in the proximal part
of the petiole; 7. Fibro-vascular bundles in the medial part of the
petioles; 8. Xylem elements.

Wt — wood fiber, Wp — wood parenchyma, the other compo-
nents of the legend are same as in fig. 2, 3

5. Pith.

The pith does not differ significantly in structure in
the studied species and is of the same type in differ-
ent parts of the petiole. It consists of thin-walled large
parenchyma cells, between which intercellular spaces
occur; on the periphery of the pith the cells are smaller.
The largest diameter of the pith cells is reached in the
petioles of P. tricuspidata and P. quinquefolia, the small-
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est in P. inserta. In the parenchyma there are cells with
druses and raphids, especially in cells adjacent to vascu-
lar bundles and interfascicular rays (fig. 3.6).

6. Crystalline inclusions.

Vitaceae is characterized by the presence of druses, as
well as needle-like crystals — single styloids and clustered
raphides, which are contained in musilage idioblasts (Met-
calfe, Chalk, 1950). Prismatic single crystals are indicated
for old tissues of P. tricuspidata (Calmes, Carles, 1970). It
is noted in the literature that the juice of P. quinquefolia,
due to the high content of oxalate crystals, can cause skin
irritation and allergic reactions (King, Henson, 2021).

Crystalline inclusions, which occur as intravacuo-
lar deposits, play an important role in the deposition of
excess calcium and the regulation of its homeostasis, pro-
tection against herbivores, detoxification of heavy met-
als and as a source of CO, during photosynthesis (Paiva,
2019). Raphids are considered to be reserve substances
that dissolve when needed, remobilizing the bound cal-
cium used for plant growth and development; druses are
the end product of metabolism and are partially excreted
with fallen leaves (Calmes, Carles, 1970; Nakata, 2012).

The mucilage that accumulates in mucilage and
crystalline idioblasts is important for water retention in
plants (Angeles, Leon-Gomez, 1997).

For the studied species, no specific features in the
type, shape, or localization of crystalline inclusions in
the petiole were found, although the literature indicates
that the signs of the presence or absence of crystals,
their types, and chemical composition have taxonomic
value (Nakata, 2012; Najmaddin 2014). Raphids, unlike
druses, have more limited distribution and, therefore, are
of greater taxonomic interest (Metcalfe, Chalk, 1950).

In the studied species, raphides and druses are
observed in the pith and cortex parenchyma closer to
the vascular bundles, in the interfascicular parenchyma
and collenchyma; less often, druses occur in the paren-
chyma of the phloem and protoxylem, in the collen-
chymatous parenchymal cells of the protophloem. The
sizes of druses in the studied species do not differ sig-
nificantly and on average are 30,78 £ 8,09 (8,57-65,00).
Raphides also do not differ significantly in size in inves-
tigated species; their average dimensional indicators:
length — 64,68 + 3,80 (40,37—-122,01), width — 30,05 +
9,20 (16,40-52,26); The width of the cells of the mucilage
and crystalline idioblasts is 60,82 + 7,20 (46,46—73,98),
their length is 85,36 + 11,97 (51,41-136.,47).

7. Results of histochemical studies.

In the histochemical reaction with phloroglucin/
HCI, lignified caps of sclerenchyma fibers above the
protophloem, elements of the primary and secon-
dary xylem, interbundle parenchyma and parenchyma
around the xylem acquired a raspberry-red color

Ne 4, 2025




Bionoria. Papmauin

(Fig. 1, 2.7.B, 3.8.B, 4.7.B). In all cross-sections, the
collenchyma of the primary cortex, as well as the collen-
chymatous parenchyma of the protophloem only in the
proximal and optionally in the distal part of the petioles of
P. inserta and P. quinquefolia, did not show lignification
in the reaction with phloroglucin/HCI (Fig. 3.7.B, 4.6.B).

Amyloplasts were detected by reaction with Lugol’s
solution in the parenchyma between the vascular bun-
dles, in the xylem parenchyma, in the epiderma and
hypoderma, in the cortex parenchyma around the vascu-
lar bundles, and in individual cells of the primary cortex
parenchyma (Fig. 5.1.A - 5.1.C).

The cuticular membrane is diagnosed by its orange-
brown color when treated with Sudan III solution (Fig.
5.2.A—5.2.C). The phloem contains cavities with a yel-
low secretion that turns orange under the influence of
Sudan I solution (fig. 5.2.A).

Phenolic compounds were detected by histochemical
reaction with iron (III) chloride in the parenchyma of the
xylem and phloem of the petiole, epiderma, and hypo-
derma (fig. 5.3.B).

Mucilage and crystalline idioblasts stained with
a solution of methylene blue in alcohol in a deep blue
color were found in the parenchyma of the cortex and
pith, in the phloem, sclerenchyma, and collenchyma
(fig. 5.4.B,5.4.0).

Fig. 5. Results of histochemical investigations
of A. Parthenocissus tricuspidata, B. P. quinquefolia,
C. P. inserta

1. Reaction with Lugol’s solution — dark blue color of am-
yloplasts; 2. Reaction with Sudan III — orange-red color of the
cuticle and secretory cavities of the phloem; 3. Reaction with iron
(IIT) chloride — black color of phenolic compounds; 4. Reaction
with a solution of methylene blue in alcohol — blue color of muci-
lage and crystalline idioblasts.

Am — Amyloplast

®dirotepanis. Yaconuc

Conclusions. Comparative anatomical and his-
tochemical studies of the structural features of
the petioles of three Parthenocissus species, which
are widespread in Ukraine and are promising
for use in pharmaceutical production, were con-
ducted. As a result of the studies, structural and
anatomometric differences in the structure of the
petioles of P. tricuspidata, P. quinquefolia, and
P. inserta were determined.

The most significant diagnostic features of the peti-
oles of the studied species, which have high taxonomic
value, are:

1. The shape of the cross-section outline of the pe-
tiole, which changes from the basal to the medial
partin P. quinquefolia from cordate to more rounded
with a V-shaped protrusion on the adaxial side; in
P. inserta — from rounded to oval with a U-shaped
notch on the adaxial side; in P. tricuspidata — does
not change fundamentally and remains oval, with
a U-shaped notch on the adaxial side. In the distal
part, the cross-sections of the petioles of all species
approach rounded in shape, differ in the shape of the
adaxial side and the degree of development of the lat-
eral ribs.

2. The presence of simple unicellular trichomes in
P. tricuspidata, and the absence of pubescence in
P. quinquefolia and P. inserta.

3. The nature of the arrangement of the cortex
collenchyma, which in P. tricuspidata mostly forms a
continuous subepidermallayer; in P. quinquefolia and
P. inserta — in the medial and distal parts it is located
as small islands in the protruding ribs of the petiole
and is interrupted by chlorenchyma.

4. In the proximal and optionally distal parts of
the petioles of P. quinquefolia and P. inserta, scler-
enchyma above the phloem is not expressed, instead,
the collenchymatous parenchyma of the non-vascu-
lar part of the primary phloem is developed, which
has a mechanical function. In P. tricuspidata, scler-
enchyma caps above the phloem are present in all
parts of the petiole.

5. Additional vascular bundles in the adaxial part
of the petioles are noted only in P. tricuspidata.

6. Interfascicular lignified parenchyma in P. quin-
quefolia and P. inserta is noted on cross-sections only
in the medial and optionally in the distal parts of
the petioles and is completely absent in the proximal
parts; whereas in P. tricuspidata a layer of lignified
parenchyma is noted in all parts of the petiole and
also forms a sheath of the bundles around the xylem.

For the studied species, the structural features of
the epiderma, parenchyma of the cortex and pith,
xylem, as well as the type, shape or localization of
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crystalline inclusions in the petiole have low taxo-
nomic value. Most of the dimensional parameters of
the petioles also did not show significant taxonomic
value.

According to the results of histochemical reac-
tions, waxy substances of the cuticular membrane

were detected; lipophilic and/or essential oil cavities
in the phloem; lignified sclerenchyma fibers, xylem
elements, interbundle parenchyma and parenchyma
around the xylem; starch; phenolic compounds;
mucilage localized in mucilage and crystalline idio-
blasts.
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