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Abstract

Objective. Implement microscopic analysis herb of Cardamine quinquefolia (M.Bieb.) Schmalh. The
genus Cardamine has only 4 species in the flora of the Caucasus: C. quinquefolia, C. microphylla, C.
bipinnata and C. bulbifera. Starting the study of the Cardamine genus in the North Caucasus (Russia), we
selected as the first object Cardamine quinquefolia (M.Bieb.) Schmalh. (syn. Dentaria quinquefolia M.
Bieb.) since its anatomical description has already begun and some data are available on its chemical
composition, it includes alkaloids, organic acids, ascorbic acid.

Methods. The herb of C. quinquefolia was harvested during flowering in Pyatigorsk, Stavropol region.
As research methods, macro- and microscopic analysis were used.

Results. The whorled arrangement of leaves under the inflorescence is the main distinguishing
macroscopic sing of the herb of C. quinquefolia. The main microscopic signs of C. quinquefolia are:
heavily sinuous walls of cells of the upper and lower epidermis, stomata anisocytic type, unicellular
trichomes with thick walls. On the cross section of the leaf are visible epidermis, mesophyll palisade and
spongy, collenchyma, parenchyma, collateral vascular bundle. The cross-section of the stem is
characterized by collateral, open vascular bundles arranged in a circle. The lignified parenchyma takes
place between the vascular bundles. The sclerenchyma is located near the phloem. The diagnostic signs of
a flower are polygonal cells of the sepal and petal epidermis, stomata of anisocytic type of sepal
outgrowths on the edge of the petal.

Conclusions. Introduction to the pharmaceutical practice of new plants is a promising direction in
expanding the methods of herbal medicine.

Keywords: Cardamine quinquefolia, collenchyma, cross-section, mesophyll, stomatal anisocytic type,
trichomes, vascular bundle

MWUKPOCKOMYECKN AHANIN3 TPABbI CARDAMINE QUINQUEFOLIA (M.BIEB.) SCHMALH
depoToBa B.B.

Iamueopckuii meouxo-papmayesmuuecxuti uncmumym — ¢punuan @IHOY BO Borel MY Munzopasa Poccuu,
Poccus, 357532, Ilamueopck, np. Kanununa, 11

Pe3ztome

Iean. IIpoBecTn MuUKpocKommyeckuii aHamu3 Tpassl Cardamine quinguefolia (M.Bieb.) Schmalh. Pon
Cardamine Bo ¢uiope KaBkaza HacuntbiBaeT Bcero 4 Buna: C. quinquefolia, C. microphylla, C. bipinnata
u C. bulbifera. Haunnas usyuenue poma Cardamine na CesepHom Kaskasze (Poccust), Mbl BeIOpanu B
kadecTBe nepsoro oobekra Cardamine quinguefolia (M.Bieb.) Schmalh. (cux. Dentaria quinquefolia M.
Bieb.), mockombKy ero aHaTOMHYECKOE OIMCAaHUE yXKe Ha4aTO M MMEIOTCS HEKOTOpbIC JaHHBIE O ero
XUMHYECKOM COCTaBe, OH BKIIFOUACT AJIKAJIOHM/IbI, OPraHMYECKHE KHCIIOTHI, aCKOPOMHOBYIO KHUCIIOTY.

Metoauka. TpaBy C. quinquefolia cobupanu B mepuon mBereHus B T. IIsturopcke CTaBpOIOIbCKOTO
Kpas. B KauecTBe METOI0B MCCIICIOBAHHUS HCIIOIB30BAIM MaKPO- M MUKPOCKOITMYECKHH aHAJIH3.

Pe3yabTaThl. OCHOBHBIM MaKpOCKOITHUYECKAM Mpu3HakoM Tpassl C. quinquefolia sinsieTcst MyToBYaToe
pacrojoKeHne JIMCTBEB IMOJ] COLBETHEM. [IpUHIMNUAIBHBIE MHKpPOCKONHYeckue mnpusHakd C.
quinquefolia mpeacTaBieHs! CUITBHO U3BHUIIUCTHIMEM CTEHKAMHM KJIETOK BEPXHETO U HUKHETO JIIHIEPMICA,
YCTBUIIAMH aHU30IUTHOTO THIIA, OJHOKICTOYHBIMH BOJIOCKAMH C TOJICTBIMH CTeHKamu. Ha momepednom
cpe3e JIMCTAa BHIHBI SIUACPMHUC, ME30(QWLT MNATMCAXHBIA W TyO4yaThli, KOJUICHXHMA, MapCHXHUMA,
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KOJUIaTepalbHBId  TpoBOmAIMHA  mydok. Ha momepeyHoM cpese  crTebesb  XapaKTephU3yeTcs
KOJUTaTEpaJbHBIMU  OTKPBITBIMH NPOBOASIIMMHU IyYKaMH, PpacCHOJIOKEHHBIMH IO Kpyry. Mexny
MPOBOASIIMMYU ITyYKaMH paclojiaraeTcsd OJpeBecHeBIIas mHapeHxuMa. CKIepeHXuMa pacIoJiaraercs
BOMM3n (iodmel. JIMarHOCTMYECKMMH TpPU3HAKAMHM L[BETKA SBIAIOTCS TMOJIMIOHAIBHBIE KJIIETKU
3MUAEpMHUCA YaIlIETUCTUKOB U JIETIECTKOB, YCThUIA aHU30LMTHOTO THIIA, BBIPOCTHI IO Kparo JICMIECTKA.

3akn0uenne. Buenpenne B (hapManeBTHYECKYIO PAKTUKY HOBBIX PACTCHUH SBISETCS MEPCTIIEKTHBHBIM
HAaIlpaBJICHUEM PACIINPEHUS METOI0B (PUTOTEPATIHN.

Knrouesvie cnosa: Cardamine quinquefolia, xomieHxuMa, MONEPEYHbIH cpe3, Me30(hHI, YCThHIA
AHU30LUTHOTO THIIA, BOJIOCKH, IPOBOJIAIIM ITy4OK

Introduction

Cardamine L. (family Brassicaceae) - a European sub-oceanic genus distributed in deciduous forests of
the European part of Russia [4, 6], the Mediterranean countries [7, 10, 11], Caucasus, Turkey, Iran [8]. A
large number of species are represented by nemoral plants, some of which play a prominent role in the
grassy layer of deciduous forests. The northern boundary of the distribution of the genus is limited by the
northern limits of the natural growth of broad-leaved species such as Tilia cordata, Ulmus glabra,
Quercusrobur and Acer platanoides[1, 3].

The genus Cardamine has only 4 species in the flora of the Caucasus: C. quinquefolia, C. microphylla, C.
bipinnata and C. bulbifera. All presented species are found both north of the Greater Caucasus Mountain
Range and south. C. bipinnata is endemic to the Greater Caucasus. According to a number of
morphological characters, Cardamine is well divided into three sections: Verticillatae V.l. Dorof. sect.
nov. (C. quinquefolia), Cardamine sect. nov. (C. microphylla, C. bipinnata) and monotypic Bulbiferae
sect. nov. (C. bulbifera) [3].

Starting the study of the Cardamine genus in the North Caucasus, we selected as the first object
Cardamine quinquefolia (M.Bieb.) Schmalh. (syn. Dentaria quinquefolia M. Bieb.) Since its anatomical
description has already begun and some data are available on its chemical composition, it includes
alkaloids, organic acids (4.09 %), ascorbic acid (0,05 %) [5].

The aim of the work was to search for the main diagnostic signs characterizing C. quinquefolia as a raw
material for establishing its authenticity.

Methods

For analysis, C. quinquefolia herb was used (fig. 1). It was harvested during flowering (April, 2020);
herb harvesting place: Russia, Stavropol region, Pyatigorsk.
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Two types of micropreparations were used: from fresh and dried herbs of C. quinquefolia. Dry raw
materials were fixed before use in the system ethyl alcohol 95%-glycerol-water in the ratio 1:1:1. The
micropreparations were stained with phloroglucin and concentrated sulfuric acid. The microscope
"Biomed", lenses x4, x10, eyepiece 10x was used in the work. Microphotographs were made on a digital
camera «3.0mp cmos microscope eyepiece new». Microscopic signs of C. quinquefolia have been studied
according to the requirements of the State Pharmacopoeia XIV [2].

Results

Morphological study. Stem of C. quinquefolia 20-35 c¢cm, no branching, no pubescence. There is no leaf
below the stem, 3 leaves at the top. The main diagnostic feature that distinguishes C. quinquefolia from
other representatives of the Caucasian flora is a whorled arrangement of leaves under an inflorescence.

The leaves are simple, sect, there are petioles, lanceolate leaflets. The margin of the leaf is dentate.
Venation is pinnate. The upper side of the leaves is green, the lower one is lighter. Inflorescence raceme,
consists of 6-15 flowers. 4 sepals, oblong shape, length up to 5 mm. 4 petals, color violet, rarely rose,
length up to 15 mm. The odor is specific.

Microscopic study of the leaf. Upper epidermis of the leaf, in frontal view has polygonal cells, walls of
cells heavily sinuous. Stomata are rare, anisocytic type (cells around stomata 3, one of them is small). The
lower epidermis differs from the upper epidermis by a large number of stomata and more sinuous cell
walls (fig. 2A). Unicellular trichomes with thick walls are located on the entire surface of the leaf and
along the edge of the leaf (fig. 2B).

Fig. 2. Leaf of C. quinquefolia: A —lower epidermis (400x); B — edge of the leaf (100x): st — stomata

Cross-sections of the leaf (fig. 3A). The cells of the upper and lower epidermis near the vein are round
and rectangular, in the rest of the leaf are rectangular, the cells are densely arranged in one layer (fig. 3D).
On the epidermis there are stomata and trichomes.

Under the upper epidermis are 2 layers of rectangular cells with thin walls and a large number of
chloroplasts. This is the mesophyll palisade. Between the mesophyll palisade and the lower epidermis
there are round or oval-shaped cells with the same number of chloroplasts as in the cells of the palisade
mesophyll. This is the mesophyll spongy (fig. 3C).

On the cross section of the leaf is visible collenchyma. Its first small area is located under the upper
epidermis and several layers of cells are located under the lower epidermis. Parenchyma cells are rounded
or multifaceted.

The central part of the vein is a large vascular bundle. Vascular bundle of ovoid shape, collateral type,
there is cambium (fig. 3B).
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Fig. 3. Cross-sections of the leaf of C. quinquefolia (A — x40; B, C, D — x400): ep — epidermis, co —
collenchyma, xy — xylem, ph — phloem, pa — parenchyma, mp - mesophyll palisade, ms - mesophyll
spongy

Cross-sections of the petiole (fig. 4A). On the cross section of the petiole is visible epidermis, its cells are
square in shape, are located in one layer, there is the cuticle (fig. 4D). On the epidermis, trichomes are
rarely found. Under the epidermis is the collenchyma, consisting of 2-3 rows of oval cells with
chloroplasts (fig. 4B). Vascular bundles open, collateral. The phloem is represented by small sieve
elements. Vessels of various diameters form xylem (fig. 4C).

Fig. 4. Cross-sections of the petiole of C. quinquefolia (A — x100; B, C, D — x400): ep — epidermis, co —
collenchyma, xy — xylem, ph — phloem, pa — parenchyma

Cross-sections of the stem (fig. 5SA). The integumentary tissue is the epidermis. Epidermal cells are
located in one layer close to each other. The shape of the cells is square, covered with cuticles (fig. 5B).

After the epidermis, the collenchyma is located. It consists of 2-3 layers, many cells of the collenchyma
contain chloroplasts (fig. 5SB).

Vascular bundles 24-25, they are arranged in a circle (fig. SA), the shape is ovoid, the vascular bundles
are collateral, there is a cambium (fig. 5C). Near the phloem is sclerenchyma. The lignified parenchyma
takes place between the vascular bundles (fig. 5D). Cells of different sizes oval and round in shape, which
are located in the center, this is the parenchyma.
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Fig. 5. Cross-sections of the stem of C. quinquefolia (A — x40; B, C, D — x400): ep — epidermis, co —
collenchyma, xy — xylem, ph — phloem, pa — parenchyma, scl — sclerenchyma

Anatomical structure of the flower. Sepal epidermal cells are polygonal, more elongated at the periphery
(fig. 4A), there are stomata of anisocytic type (fig. 4B). Petal epidermal cells are also polygonal, there are
outgrowths on the edge of the petal (fig. 4C). Pollen round (fig. 4D).

Fig. 4. Flower of C. quinquefolia: A — epidermis of sepal (A — 100x; B — 400x); C — epidermis of petal
(x400) D — pollen grains (x400): st — stomata

Discussion

The main diagnostic sign that distinguishes C. quinquefolia from other representatives of the Caucasian
flora is a whorled arrangement of leaves under an inflorescence. Microscopic examination of the stem
revealed that the integumentary tissue is the epidermis covered with cuticles. Next is the collenchyma,
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many cells of the collenchyma contain chloroplasts Vascular bundles are ovoid, collateral, open. Near the
phloem is sclerenchyma. The lignified parenchyma takes place between the vascular bundles. There are
heavily sinuous walls of cells of the upper and lower epidermis of the leaf, stomata anisocytic type,
unicellular trichomes with thick walls. On the cross section of the leaf are visible epidermis (near the vein
are round and rectangular, in the rest of the leaf are rectangular), mesophyll palisade and spongy,
collenchyma (its first small area is located under the upper epidermis and several layers of cells are
located under the lower epidermis), parenchyma, collateral vascular bundle. The cross section of the
petiole consists of epidermis, collenchyma, parenchyma and vascular bundles. The diagnostic signs of a
flower are polygonal cells of the sepal and petal epidermis, stomata of anisocytic type of sepal outgrowths
on the edge of the petal.

Conclusion

Modern medicine cannot be imagined without pharmacotherapy using synthetic medicament, but one
cannot do without phytotherapy. Plant raw materials in its composition contain a complex of active
substances, which simultaneously affects several organs and systems of the body. Phytotherapy not only
retains its relevance, but also expands opportunities through the active introduction of new medicinal
plants into pharmaceutical practice and the relationship with pharmacotherapy. Cardamine quinquefolia
(M.Bieb.) Schmalh. is a promising plant in this area, to which the interest of researchers is currently
increasing. Species of this genus grow in many regions of the world, including Russia. To standardize and
establish the authenticity of raw materials, it is necessary to study the basic macro and microscopic signs.
This will allow the identification of raw materials for further research with the aim of introducing into the
pharmacy.
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