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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]. 
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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 × 23.5 μm 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  

the leaves of Tilia cordata 

Figure 6. Forked trichomes on  

the leaves of Tilia cordata 

  

Figure 7. Capitate trichomes  

on the leaves of Tilia cordata 

Figure 8. Stellate trichomes  

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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Figure 9. Crystalline coating along the veins of a Tilia cordata leaf 

 

Figure 10. Cross section of a Tilia cordata leaf 

a — midrib; b — lateral fragment; c — cuticle; cl — collenchyma; dc — calcium oxalate druses;  

le — lower epidermis; md — mucous canal; p — cortical parenchyma; ph — phloem; pp — palisade mesophyll;  

sc — 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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Л.Г. Бабешина 

Tilia cordata микроскопиялық талдауы 

Дәрілік шикізаттың шикізат базасын кеңейтуді өсімдіктердің жаңа түрлерін іс жүзінде пайдалануға 

енгізу, сондай-ақ бұрын іс жүзінде пайдалануға енгізілген жаңа түрлерді қолдану есебінен жүргізуге 

болады. Tilia cordata гүлдері шикізаттың сұранысқа ие түрі, алайда оларды жинау қысқа гүлдену 

кезеңімен шектеледі. Осы түрдiң жапырақтары да фармакологиялық белсендiлiкті көрсетеді, бұл 

оларды дербес дәрiлiк өсiмдiк шикiзаты ретiнде перспективалы етедi. Мақалада Tilia cordata 

жапырақтарын микроскопиялық талдау нәтижелері келтірілген. Кептірілген жапырақтардың 

анатомиялық талдауы жүргізілді, оның ішінде беткі препараттар мен көлденең қималардың 

құрылымдық ерекшеліктерін талдау жүргізілді. Жапырақтың гипостоматикалық типке жататыны 

анықталды, эпидермистің негізгі жасушалары түзу немесе толқынды қабырғаларға ие; төменгі 

жағында трихомалардың 4 түрі бар, олар: безді, айырлы, бас тәрізді және жұлдыз тәрізді. Жапырақ 

тамырларының бойында кристалды жабын бар. Көлденең қимада жапырақтың дорсовентральды 

құрылым түрі бар: палисадты мезофилл бір қабатты, кеуек тәрізді — 2-3 қабатты, шырышты арналар 

мен кальций оксалат кристалдарының друздары бар. Фармакопеялық мақаланы дайындау үшін 

қолдануға болатын микроскопиялық деңгейде диагностикалық белгілер анықталды.  

Кілт сөздер: Tilia cordata, өсімдік шикізаты, микроскопиялық талдау, жапырақ, микро 

диагностикалық белгілер. 

 

Л.Г. Бабешина 

Микроскопический анализ Tilia cordata 

Расширение сырьевой базы лекарственного сырья можно производить как за счет введения в практи-

ческое использование новых видов растений, так и за счет применения новых органов, ранее вклю-

ченных в практическое использование. Цветки Tilia cordata являются востребованным видом сырья, 

однако их сбор ограничен коротким периодом цветения. Листья данного вида также проявляют фар-

макологическую активность, что делает их перспективными в качестве самостоятельного лекарствен-

ного растительного сырья. В настоящей статье приводятся результаты микроскопического анализа 

листьев Tilia cordata. Анатомирование проведено для высушенных листьев с анализом особенностей 

строения поверхностных препаратов и поперечных срезов. Установлено, что лист относится к гипо-

стоматическому типу, основные клетки эпидермиса имеют прямые или волнистые стенки; с нижней 

стороны присутствуют 4 типа трихом: железистые, вильчатые, головчатые и звездчатые. Вдоль жилок 

листьев присутствует кристаллоносная обкладка. На поперечном срезе лист имеет дорзовентральный 

тип строения: палисадный мезофилл однослойный, губчатый — 2-3-слойный, присутствуют слизи-

стые каналы и друзы кристаллов оксалата кальция. Установлены диагностические признаки на микро-

скопическом уровне, которые могут использоваться для подготовки фармакопейной статьи. 

Ключевые слова: Tilia cordata, растительное сырье, микроскопический анализ, лист, микро диагности-

ческие признаки 
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