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Microscopic analysis of Tilia cordata

The raw material base for medicinal plant resources can be expanded both by introducing new plant species
into practical use and by utilizing additional plant organs of species already in use. The flowers of Tilia
cordata are a valuable type of medicinal raw material;, however, their collection is constrained by a short
flowering period. The leaves of this species also exhibit pharmacological activity, making them a promising
independent source of medicinal plant material. This article presents the results of a microscopic analysis of
Tilia cordata leaves. Anatomical examination was performed on dried leaves, with an assessment of the
structural features observed in surface preparations and cross sections. The leaf was found to be
hypostomatic, with the main epidermal cells having straight or wavy walls. On the abaxial surface, four types
of trichomes were identified: glandular, forked, capitate, and stellate. A crystalline coating was observed
along the leaf veins. In cross section, the leaf is dorsiventral, with a single-layered palisade mesophyll, a 2-3-
layered spongy mesophyll, mucilage channels, and druses of calcium oxalate. Diagnostic microscopic fea-
tures have been identified that may be used in the preparation of a pharmacopoeial monograph.
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Introduction

The introduction of new types of plant medicinal raw materials is a pressing task for botany and phar-
macy. Not all types of raw materials included in the Pharmacopoeia [1] are available in sufficient quantities
to meet the needs of the pharmaceutical industry in the production of drugs.

One of the most sought-after types of raw materials is the flowers of the heart-shaped linden tree [1, 2].
In official medicine, heart-shaped linden flowers (Tiliae flores) are used as a diaphoretic, expectorant, and
anti-inflammatory agent [3-6]. However, the flowering period of this plant species is short (late June to early
July, about two weeks), which limits the time available for harvesting the flowers (Fig. 1). The plant itself
has a limited habitat: the Caucasus, Karelia, Arkhangelsk Region, Komi Republic, Tomsk Region, and
Khanty-Mansi Autonomous Okrug. Extensive areas are occupied by forests in the Urals [7].

Figure 1. Leaves (A), tree (B), and flowers (C) of Tilia cordata

Recently, the leaves of Tilia cordata Mill. (family Malvaceae) have attracted the attention of scientists.
Experiments have shown that total extracts obtained from Tilia cordata leaves exhibit a wide range of bio-
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logical activity, including general strengthening, anti-inflammatory, wound-healing, and antimicrobial ef-
fects [8-10].

In this regard, Tilia cordata leaves are of scientific and practical interest for detailed study, and their in-
troduction as medicinal raw materials will allow for the partial replacement of the scarce flowers of this spe-
cies.

Based on the above, the aim of this study was to examine the anatomical structure of Tilia cordata
leaves and identify the diagnostic features of the raw material.

Experimental

The objects of the study were Tilia cordata leaves (Fig. 2) collected at different times of the growing
season (early May to late September 2023) in the forest park area of the State Humanitarian-Technical Uni-
versity (Orekhovo-Zuyevo).

Figure 2. Dried samples of Tilia cordata leaves

The raw material was soaked in hot water and fixed in a mixture of 50 % aqueous glycerin, distilled wa-
ter, and 90 % ethyl alcohol [11]. Copper salts were added to the fixative to preserve the color of the cells.
Surface preparations and cross sections were made manually using a razor. For cross sections, fragments of
leaf plates along the midrib were selected.

Cross sections were stained with a 5 % alcohol solution of Lugol’s iodine for a clearer picture.

The studies were conducted using a MICMED-6 microscope with a UCMOS05100 digital camera at
magnifications of 10x4, 10x10, and 10x40. The micro-preparations were described in accordance with
the recommendations of R. Crang [12], P.J. Rudall [13], and the State Pharmacopoeia of the Russian
Federation [14].

Results and Discussion

The leaf of Tilia cordata is simple, on a long petiole, with a heart-shaped or broadly ovate base, a point-
ed tip, and a finely serrated margin [15, 16]. The upper side of the leaf blade is dark green and smooth, while
the lower side is light green, almost grayish, with characteristic colored tufts of trichomes along the veins.
The leaves are 3—10 cm long and 4-12 cm wide.

A leaf fragment taken from the upper side of the leaf (Fig. 3) shows the absence of stomata, but pris-
matic crystals are visible through the epidermis. The main epidermal cells have straight anticlinal walls or
wavy walls.
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Figure 3. Upper epidermis of a Tilia cordata leaf

A superficial preparation of the underside of the leaf revealed the presence of stomatal cells of the
anomocytic type (Fig. 4). The stomata have an average size of 14.6 x 23.5 um and are surrounded by 3-4-5
epidermal cells. Thus, the leaf of Tilia cordata is defined as hypostomate, since the stomata are located on
the lower surface of the leaf blade.

Figure 4. Lower epidermis of Tilia cordata leaf

There are different types of trichomes [17]. For example, glandular trichomes are confined to the sinus-
es of secondary or tertiary veins (Fig. 5). They are usually bulbous or bottle-shaped.

Along the main veins are forked trichomes (Fig. 6), which have a short stalk and are pressed against the
surface of the axis. In the axils of the veins, there are capitate multicellular (Fig. 7) and stellate
trichomes (Fig. 8). The latter vary in the number of branches, from 4 to 8.
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Figure 5. Glandular trichomes on Figure 6. Forked trichomes on
the leaves of Tilia cordata the leaves of Tilia cordata

Figure 7. Capitate trichomes Figure 8. Stellate trichomes
on the leaves of Tilia cordata on the leaves of Tilia cordata

Crystalline inclusions are visible along the veins of the leaves on both sides (Fig. 9). The crystals are
prismatic in shape.

The leaf cross-section (Fig. 10) is identified as dorsoventral, containing palisade parenchyma on one
side and spongy parenchyma on the other. The palisade mesophyll is single-layered, while the spongy meso-
phyll contains 2-3 layers.

On the cross section of the midrib (Fig. 10a) and lateral fragments (Fig. 10b), a single-layered epidermis
is located around the perimeter. Its cells are elongated, almost rectangular. In the area of the midrib, there are
1-2 layers of collenchyma, and the parenchyma and sclerenchyma consist of 3-4 layers. In the midrib, mu-
cous channels containing calcium oxalate crystals are visible. The conducting bundle is collateral, closed,
and broadly ovoid in shape.
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(b)

5]

Figure 10. Cross section of a Tilia cordata leaf
a — midrib; b — lateral fragment; ¢ — cuticle; cl — collenchyma; dc — calcium oxalate druses;
le — lower epidermis; md — mucous canal; p — cortical parenchyma; ph — phloem; pp — palisade mesophyll;
s¢ — sclerenchyma; sp — spongy mesophyll; ue — upper epidermis; xy — xylem

The structure of a true Tilia cordata leaf has similar features to the leaves of other species [18, 19].
However, there are distinctive features, consisting of the peculiarities of the structure of the epidermis cells,
the types of hairs, and the presence of mucous channels and crystal druses in the cross section.

The identification of structural features can serve as diagnostic criteria for the identification of plant raw
materials at the microscopic level.
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Conclusion

Thus, a study of the anatomical structure of the Tilia cordata leaf was carried out, including analysis of
surface preparations and cross sections. The structural features of the leaf epidermis, the type of leaf based
on the arrangement of veins, and the presence of four types of trichomes were established.

For the transverse section, a dorsoventral type of leaf plate, the presence of a single-layer palisade and
multi-layer spongy tissue, the presence of mucous channels and calcium oxalate druses were identified. The
bundle is collateral, closed type, surrounded by 2-3 layers of sclerenchyma.

The diagnostic features identified can help in determining the species and identifying medicinal plant
raw materials.
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JI.T". BaGewmuna

Tilia cordata MuKpoOCKONMHUSIIBIK TAJIIAYbI

Jlopinik MIMKI3aTTHIH MIMKi3aT 0a3achlH KEHEHTYIl ©CIMAIKTEpIiH jXaHa TYpJepiH ic Xy3iHIe maimaigaHyra
€Hri3y, CoHzaii-ak OypHIH ic JKY3iHIe MaiijanaHyFa CHTi3UIreH KaHa TYpiepAi KojjaHy eceOiHeH Kyprizyre
6onanel. Tilia cordata rynmepi IIHMKI3aTTBIH CYpaHBICKA HE TYpi, anaiiga oyapipl KHHAY KbICKA TYIJICHY
ke3eHiMeH mekreneni. Ocel TypHiH kKamnbIpakTapsl 1a (apMakoJOTHSUIBIK OEJCeHIUIKTI KepceTremi, Oy
onapisl jgepOec JSpUTIK OCIMAIK MIMKI3aThl peTiHjae MepcreKkTHBansl ereni. Makamaga Tilia cordata
JKAIBIPAKTapblH MHKPOCKOIMSUIBIK —Talllay HOTIKenepi kenripinred. KenripiireH kamblpakTapabiH
AQHATOMUSUTBIK TaJilaybl JKYpri3inmi, OHBIH imiHAe OeTki mpemapartap MeH KeJACHEH KUMaJapAblH
KYPBUIBIMIBIK CPEKIIESNIKTEpiH TajlAay >KYprisingi. JKambIpakThIH THHIOCTOMATHKAIBIK THIIKE KATATHIHBI
AHBIKTAN/IBL, SMUACPMUCTIH HETI3Ti jKacyllamapbl Ty3y HeMece TOJKBIHAB KaObIprajapra He; TOMEHT1
JKarbIHAA TpUXoMaiapIelH 4 Typi Oap, omap: 0e3ni, albIpiiel, 6ac TOpi3mdi JKoOHE XKYIABI3 Topizai. XKambipak
TaMBIPJIAPBIHBIH OOWBIHIA KpuCTalasl kaObiH Oap. KesjeHeH KuMaaa >KamblpakThIH JOPCOBEHTPAIIHIbI
KYPBUIBIM TYpi 6ap: mamucanTsl Me3odmut 6ip KabaTThl, Keyek Tapizai — 2-3 KabaTThl, MIBIPHIIITE apHajIap
MEH KaJblMil OKcanaT KPUCTAJJapblHBIH Apy3aapbl Oap. PapMakomesuiblK MakalaHbl AaiblHIAy YIIiH
KOJIIaHyFa 00JaThIH MHUKPOCKOIHSUIIBIK ACHICiIe TUArHOCTHKAIIBIK OCNriiep aHbIKTas/bl.

Kinm ces30ep: Tilia cordata, ecimMmik mIHKi3aThl, MHKPOCKONMHUSIIBIK Taljjay, >KaIbpak, MHKpPO
JUAarHOCTUKAIIBIK Oenriiep.

JI.T". BaGemmua

Muxkpockonuueckuii anaau3 Tilia cordata

Paciuupenne chlpbeBoii 0a3bl JIEKAPCTBEHHOTO ChIPhS MOJKHO NMPOU3BOIUTH KaK 33 CUET BBEICHUS B MPAKTH-
4eCKOE HCIOJb30BaHHE HOBBIX BH/OB PACTEHH, TaK M 3a CYET MPUMEHEHHUSI HOBBIX OPTaHOB, PaHee BKIIIO-
YEHHBIX B MpakTHueckoe ucnonb3oBanue. [[serku Tilia cordata siBnsirorcst BOCTpeGOBaHHBIM BHIOM ChIPbS,
OJIHAKO WX COOp OrpaHHYeH KOPOTKUM MEPHOJOM LBETeHHs. JIMCThS JAaHHOTO BHIA TAKKE MPOSBIAIOT dap-
MAaKOJIOTHYECKYI0 aKTHBHOCTb, UTO JIENACT WX MEPCIEKTUBHBIMU B KAYECTBE CAMOCTOSTEILHOTO JICKapCTBEH-
HOTO PaCTUTENBHOTO CHIPbs. B HacTosIIeH CTaThe MPHUBOAATCS PE3yJIbTaThl MHKPOCKOMMYECKOIO aHAIM3a
nucteeB Tilia cordata. AmaTomupoBaHue MPOBEAECHO [Tl BBICYIICHHBIX JIHCTHEB C aHAIM30M OCOOEHHOCTEH
CTPOEHHS MOBEPXHOCTHBIX MPENapaToB M MONEPEYHBIX CPE30B. Y CTAHOBIICHO, YTO JIUCT OTHOCHUTCS K T'MIIO-
CTOMAaTHYECKOMY THITY, OCHOBHBIC KJICTKH JIHIEPMHCA UMEIOT TPSIMbIE MM BOJHHCTBIC CTEHKHU; C HIDKHEH
CTOPOHBI IIPUCYTCTBYIOT 4 thna TPUXOM: KEJIC3UCTBIC, BUJIIBYATBIC, I'OJIOBYATBIC U 3BE3Q4YAThIC. B)IO.]'I]: JKHJIOK
JIMCTHEB NPHCYTCTBYET KPUCTAJUIOHOCHAs 00KIaaKa. Ha momepedHoM cpese JIMCT HMMeeT TOP30BEHTPANIbHBIH
THUIl CTPOGHHMS: MAJMCATHbIA Me30(MIUT OHOCIOMHBIM, ry04aThlit — 2-3-CIOWHBIA, MPUCYTCTBYIOT CIU3H-
CTBIC KaHAJIbI U IPY3bl KPUCTAJUIOB OKCaJlaTa KaJIbIUs. YcTaHOBIICHBI JUArHOCTUYECCKUE MPU3HAKKU HA MUKPO-
CKONUYECKOM YPOBHE, KOTOPBIC MOTYT HCIIOJIb30BAThCS JUISl TOATOTOBKH (apMaKoIeitHOM CTaThH.

Knrwouesvie cnosa: Tilia cordata, pacturensbHoe ChIpbe, MUKPOCKOIMYECKHH aHAIN3, JIUCT, MUKPO JTHAarHOCTH-
YeCKHUe TPH3HAKH
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