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Представники родини Salicaceae – цінні джерела лікарської рослинної сировини,яка здавна застосову-

ється в народній медицині у багатьох країнах світу. В Європейських країнах деякі види роду верба є офі-

ційними рослинами. Кора молодих гілок різних видів роду верба, включаючи Salix purpurea L., Salix fragilis 

L., Salix daphnoides Vill., включена у видання європейської фармакопеї, а з 2014 року до Державної Фар-

макопеї України. Розширення сировинної бази лікарської рослинної сировини є актуальною проблемою, 

яку можливо вирішити за рахунок введення в фармацевтичну практику систематично близьких автох-

тонних та інтродукованих видів верб широко поширених в Україні. 

Мета. Визначення макро- та мікроскопічних діагностичних ознак пагонів верби козячої (Salix caprea L.), 

що виростає в умовах України, для розробки в подальшому нормативної документації на лікарську рос-

линну сировину та застосування стандартизованої сировини при створенні лікарських засобів на основі 

пагонів верби. 

Методи дослідження. Об'єктом дослідження були сухі пагони Salix caprea L. Рослинну сировину збира-

ли в травні-серпні 2016–2018 роках в Харківській, Закарпатській та Київській області України.  

Дослідження морфолого-анатомічної будови пагонів верби козячої проводили з застосуванням методів 

світлової та електронної мікроскопії. Ультраструктуру поверхні епідермальної тканини листків дода-

тково вивчали, використовуючи методи скануючої мікроскопії. 

Результати дослідження. Проведено поглиблене вивчення морфолого-анатомічної будови пагонів Salix 

caprea L. та встановлені основні діагностичні макро- та мікроскопічні ознаки перспективної лікарської 

сировини.  

Висновки. Отримані результати значно розширюють відомості щодо анатомічної будови пагонів Salix 

caprea L. флори України та будуть використані при стандартизації сировини видів родини Вербові 

Ключові слова: Salix caprea L., пагони, макроскопічні ознаки, мікроскопічні ознаки, СЕМ, ультраструк-

тура поверхні 
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1. Introduction 

Representatives of the Salicaceae family are valu-

able sources of medicinal plant material that has long 

been used in traditional medicine in many countries 

around the world. The sacred willow is highly respected 

among the Ukrainians, attributed to magical power. [1]. 

In European countries, some willow species are official 

plants. The bark of young branches of different willow 

species, including Salix purpurea L., Salix fragilis L., 

Salix daphnoides Vill., have been included in the publi-

cation of the European Pharmacopoeia [2, 3], and since 

2014 the State Pharmacopoeia of Ukraine [4]. 

The genus Willow (Salix L.) according to various 

data includes 350–600 species [5, 6]. In the natural flora 

of Ukraine there are 24 species of the Salix genus [7], 

belonging to three subgenera and 16 sections [8, 9]. The 

goat willow – Salix caprea L. (the willow family – Sali-

caceae, belongs to the Vetrix subgenus, Vetrix section) – 

a small tree with a height of 2 to 8 (10) m. Often has the 

form of a large tall shrub [8, 10]. The trunk and branches 

are covered with a grayish–green bark. The bark smooth 

with age turns brown, cracks appear at the bottom of the 

trunk. The wood is smooth, red in the air. The branches 

are thick, spreading, young – grayish, pubescent, in older 

trees – yellow–brown and gray–green, in older plants 

gray or dark, brittle. The kidneys are glabrous, large, up 

to 5 mm long, up to 3 mm wide. Flower buds ovate, red, 

large, up to 15 mm long, 3–6 mm wide, not flattened. 

Earrings thick, large, 30–40 mm long. Male earrings 

wide, oval or oblong up to 6 cm long, Female – cylindri-

cal, dense, multicoloured up to 10 cm long, on the legs. 

Fruit – a box, 7–8 cm, on a fluffy petiole. Each box con-

tains up to 18 pieces of seeds. The seeds are provided 

with fluffy volatiles, so they are easily transported by 

wind over long distances, quickly lose their germination. 

Propagated solely by seeds, unlike other types of willow 

unable to propagate by cuttings. Goat willow blooms in 

April, before the leaves bloom [11]. Goat willow is a 

valuable honey plant. It is the earliest spring melliferous 

and pollen, and is the richest in other species of willow 

by its nectar. Distributed in Europe [9, 11], in the Cauca-

sus, Western and Central Asia. [11, 12]. Due to the high 

growth rate, willow species are widely grown for bioen-

ergy purposes as solid biofuels [12, 13]. Ukraine, it is 

growing throughout the territory, although it is more 

common in the north, in forests, on the edges, among 

shrubs, along the shores of rivers. [14, 15]. In addition, 

culture is widespread in Ukraine. [7, 9]. 
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Expanding the raw material base of medicinal plant 

raw materials of plants of the Salicaceae family is an urgent 

problem that can be solved by introducing into the pharma-

ceutical practice systematically close autochthonous [7, 9] 

and introduced willow species widespread in Ukraine. 

Despite the fact that some willow species have 

been official in Ukraine since 2014, many questions 

remain regarding the rational use and standardization of 

new medicinal plant raw materials of the Salicaceae 

family of Ukraine's flora [16, 17]. In this regard, it is 

relevant to study the morphological and anatomical struc-

ture of different species, varieties and hybrid forms of 

willows, which will allow to expand the range of medici-

nal plant raw materials both at the expense of autochtho-

nous and at the expense of introduced willow species 

widespread in Ukraine. 

Studies of the anatomical structure of willow species 

have not been carried out sufficiently. Published materials 

of morphological and anatomical study of the bark and 

shoots of white willow [18, 19], almond-leaved willow and 

purple willow [15, 20]. There is data on the anatomical 

description of the bark of the drooping willow. According to 

the literature, willow bark preparations have a wide range of 

therapeutic properties: [21, 22], analgesic, antimicrobial [23, 

24], sedative, anti-inflammatory, antipyretic [6, 23], diapho-

retic, antimalarial, antiseptic, haemostatic and wound heal-

ing [22]. To understand the perspective of the use of medic-

inal plants in medical practice, it is customary to evaluate 

their chemical composition and pharmacological properties. 

Attention was paid to the study of biologically active sub-

stances of willow plant [21, 25]. Previously, they were 

found to contain different classes of natural compounds – 

phenologic glycosides [26, 27], volatile compounds [25, 

28], carbohydrates, amino acids, macro– and microele-

ments, lipophilic compounds [2, 25]. Literary data indicate 

that phenolic compounds are predominant in the chemical 

composition [26, 37] (phenol-alcohols, hydroxybutyric and 

hydroxybenzoic acids, coumarins, flavonoids, tannins) [4, 

29]. The authors of the article determined volatile [30, 31] 

and phenolic compounds of leaves of Salix caprea L. [29]. 

Also, with the GC/MS method were studied the volatile 

compounds and carboxylic acids of Salix cinerea L. [28] 

and Salix rosmarinifólia L. [32], Salix myrsinifolia Salisb. 

[33]. The elemental composition of some species of willow 

flora of Ukraine has been determined [23, 34]. 

In order to substantiate the possibility of using 

plants of the genus Salix L. in medicine, it is necessary to 

develop a draft regulatory document on raw materials. 

Important sections that determine its authenticity are 

external features and microscopy, so there is a need to 

further study the morphological and anatomical structure 

of willow species. 

The purpose of the study was to determine the 

macro- and microscopic diagnostic features of shoots of 

goat willow (Salix caprea L.) growing in Ukraine, for the 

development of further regulatory documentation for 

medicinal plant raw materials. 

 

2. Planning (methodology) of research 

We opted for the Salix caprea L. flora of Ukraine 

as an object of our study because this species of the Sali-

caceae family has a sufficient plant base and, as previous 

studies have shown, deserves further introduction into 

the practice of modern medicine. [29, 30]. 

In Ukraine, there are large natural resources of 

valuable species of medicinal plants, including those of 

the Willow family. Ukraine ranks 7th in Europe in terms 

of total stock and stands after Russia, Sweden, France, 

Germany, Poland and Finland. However, the resource 

potential of many valuable species is not infinite [13, 14]. 

Therefore, the identification of raw reserves of medicinal 

plants, justifying their non-exhausting use is essential. 

One way to make more efficient use of willow raw mate-

rials is to use, unlike traditional willow raw materials, 

bark, crown components, shoots, twigs and other bio-

mass that appear after main cutting and are burned to this 

day. In addition, harvesting willow shoots as medicinal 

plant material is potentially possible with energy willow 

plantations, which are growing in volume every year. 

[13, 35]. Therefore, we consider it a promising to study 

the willow shoots. 

At this stage of development of regulatory docu-

mentation for medicinal plant raw material SPhU re-

quires in particular to analyze the powdered raw material 

[4, 16]. This is due to the planning stage of the experi-

ment, the application of the microscopic method analysis, 

which is the main method for determining the identity of 

the crushed, cut, powdered medicinal herbal raw materi-

als. Additional diagnostic features of the internal struc-

ture of the studied objects help to identify methods of 

electron scanning microscopy. Morphological and ana-

tomical diagnostic features are the basis for rapid analy-

sis of medicinal plant raw materials and important indi-

cators of its quality. 

 

3. Materials and methods 

The object of the study were dry shoots of Salix 

caprea L. Vegetable raw materials were collected in 

2016–2018 in Kharkiv (samples of raw materials were 

harvested in the botanical garden of KhNU named after 

V. N. Karazin and in the botanical garden of NUPh, 

Kharkiv), Zakarpattia (samples of raw materials over the 

Tisza River, near the village of Steblyvka, Khust district, 

Zakarpattia region), and Kyiv (samples of raw material 

from the collection of willows of the National Botanical 

Garden named after M.M. Grishko of the NAS of 

Ukraine) region of Ukraine. Shoots of 1 year were col-

lected during the period of complete development of the 

assimilation system (June-July), at least three different 

trees and formed a combined sample. Raw material sam-

ples were dried at room temperature for 10 days, and the 

dried plant material was stored in well-closed bags on 

shelves at room temperature. 

Manufacture and research of micropreparations 

were performed according to the methods described in 

detail in the articles of the SPhU [4, 16]. For microscopic 

examinations, vegetable raw material fixed in a mixture 

of glycerol-ethanol-water (1:1:1) and air-dried raw mate-

rial were used, which was boiled in 3–5 % aqueous alka-

line solution for 2–3 minutes, preventing unnecessary 

softening. After boiling, the material was washed 2–3 

times with distilled water and a preparation of leaves and 

shoots was prepared from the surface, cross-section and 

powdered raw material [36, 37] in a solution of chloral 

hydrate. Diagnostic microscopic features were recorded 

using a «Granum» microscope at magnification ×40,  



Scientific Journal «ScienceRise: Pharmaceutical Science»                                                                              №4(20) 2019 

 

 
36 

x 100, x400 times. The pictures were taken using a 

SonyDSC-W80 camera [38, 39]. 

The ultrastructure of the epidermal leaf tissue surface 

was further studied using scanning microscopy techniques 

[36, 40]. Intact fragments of plant leaves were selected, then 

fixed on a brass table and sprayed with a thin layer of gold 

and platinum in a vacuum setting. The ultrastructure of the 

leaf surface was studied using JSM-6060 LA SEM. The 

microstructure of the leaf surface was described according 

to the terminology summarized in [41–44]. 

 

4. Results of the research 

The results of the morphological and anatomical 

study of Salix caprea L. shoots are shown in Fig. 1–15. 

Macroscopic features of goat willow shoots  

(Fig. 1–3). A mixture of shoots 15-–30 cm long and 

leaves that shattered in drying and storage. Young shoots 

glabrous or scattered pubescent dark red-brown, later 

turning gray-green, bark gray. The bark of the old 

branches becomes grayish in colour, they become brittle. 

In the axils of the leaves flower buds are presence. The 

leaves cover the shoots densely. Leaves petiolate, alter-

nate, large, entire, dense from broadly ovoid, almost 

rounded sometimes to oblong-lanceolate. The edge of the 

leaf blade is unevenly toothed.  

The leaves have a dark green colour, glabrous 

above, glossy, and later dull, grayish-pubescent, with  

6–9 pairs of very protruding lateral veins. When flower-

ing, leaves are white-tomentose. Petioles 8–20 mm long, 

expanded, glabrous or scattered pubescent at the base. 

The size of the leaf plate up to 11–18 cm long and  

5–8 cm wide. 

 

     
а                                                                                                 b 

Fig. 1. Salix caprea L.(Botanical Garden of NUPh, Kharkiv, 2016): a – the appearance of the plant.; b – annual shoot 

 

              
а                                                                                  b 

Fig. 2. Shoots of Salix caprea L.: а – before drying; b – dried 
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а                                                                                  b 

Fig 3. Leaves of Salix caprea L.: a – the upper side; b – the underside 

 

 

 
Fig. 4. The upper epidermis of the Salix caprea L. lamina (surface preparation) 

 

 

 
Fig. 5. Veins with crystals 
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а                                                                                                       b 

Fig. 6. The lower epidermis of the Salix caprea L. lamina (preparation from the surface): 

 a – stomatas; b – calcium oxalate druses and fuzzes 

 

 

 
Fig. 7. Cross section of the Salix caprea L. lamina 

 

 

 
Fig. 8. Central vein of Salix caprea L. lamina (cross section) 
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Fig. 9. Epidermis over vein of Salix caprea L. lamina (preparation from the surface) 

 

 

 
 

 

а                                                             b                                                          c 

Fig. 10. The petiole of the willow leaf (cross section): a – part of the leaf cushion; b – the upper part; c – the middle part 

 

 

 
Fig. 11. Epidermis of the willow leaf petiole (surface preparation) 
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                                          а                                                                                                  b 

 

Fig. 12. Shoot Salix caprea L. of the 1 year (cross section): a – rounded with two ribs; b – anatomical structure of the 

shoot: 1 – epidermis; 2 – collenchyma; 3 – intercellular; 4 – sclerenchyma; 5 – xylem; 6 – core rays; 7 – fuzzes. primary 

parenchyma with large intercellular cells 

 

    
а                                                                                   b 

Fig. 13. Elements of powdered shoots of Salix caprea L.: a – separate fuzzes, sections of spiral vessels, fragments of 

leaf mesophyll; b – bark fragments, phloem fibers, parenchyma with druses 

 

 

Microscopic features of the structure of goat wil-

low shoots. 

Leaf plate has dorsiventral type of structure, hy-

postatic. 

The upper epidermis is represented by polygonal 

(parenchymal) cells with uniformly thickened mem-

branes (Fig. 4) There are no upper stomatas on leaf 

plates. Simple unicellular fuzzes are present only on the 

veins, sometimes visible from the fallen hair (the place of 

hair attachment). 

Ultrastructure of the surface. Adaxial surface of 

leaf plate aristate (Fig. 14). The epidermal cells have 

rectangular projections and elongated outlines. The anti-

clinal walls of the epidermal cells are not visible. Cell 

boundaries are not clear. The outer periclinal walls of the 

epidermis cells are convex. Cuticle well developed, stria-

ta. Single long, simple trichomes are present on the 

veins. On the adaxial surface of the leaf blade there is a 

well-developed epicuticular wax, which is represented by 

powerful films.  

The inferior epidermis has a significant number of 

patches that differ in size. The type of breathing appa-

ratus is anomocytic. The cells of the lower epidermis are 

much smaller in size than the cells of the upper epidermis 

(Fig. 5).  

The lower epidermis is richly covered with hairs. 

Fuzzes simple, unicellular, thin-walled, with pointed tip 

and narrowed base. On the edge of the leaf blade (on the 

teeth, young leaves) there are multicellular glands, which 

later die.  
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                                              а                                                                                                  b 

Fig. 14. Ultrastructure of the adaxial epidermis of the leaf blade of Salix caprea L .: a – fuzzes on the veins. 
(×100); b – powerful epicuticular wax films (×500) 

 

   
                                              а                                                                                                  b 

    
                                              c                                                                                                  d 

Fig. 15. Ultrastructure of the abaxial epidermis of the leaf blade Salix caprea L.: a – rodlets are aggregated in the 
longitudinal direction (×5.000); b – fuzzes (×50); c – fuzzes (×200); d – abaxial epidermis (×500): 1 – fuzzes; 2 – sto-

matas 
 
Ultrastructure of the surface. In the studied species, 

the abaxial surface is clearly different from the adaxial one 
(Fig. 15). It is characterized by the presence of stomatas and 
a thick pubescence, which is formed by simple long tri-
chomes. The cuticle is well developed. Epicuticular wax is 
represented by rodlets are aggregated in the longitudinal 
direction (massive sculptures of epicuticular wax of crystal-
loid form, often grouped in clusters [41]. In many cases, 
they are aggregated in the longitudinal direction). 

The epidermis over the vein is small-celled (Fig. 
9) Over the veins, the cells are elongated along the veins, 
mostly prosenchymal rectilinear, stomatas and trichomes 
are absent (Fig. 5). 

On the transverse cuticle is dorsiventral (Fig. 7). 
There is a single layer of hypodermal cells under the 
upper epidermis. Mesophyll consists of cells that are very 
tightly located. In the mesophyll there are idioblasts with 
druses. Palisade parenchyma bilayer, cells of the upper 
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layer more elongated. The spongy parenchyma, the cells 

are arranged tightly, the intercellular cells are almost 

absent, the cells are almost square in shape.  

The central vein protrudes on both sides (Fig. 8). 

From the underside it forms a clearly visible rib. Vascu-

lar-fiber bundles have crystalline lining (Fig. 4). The 

central vein on the cross section is single-beam (Fig. 8). 

Subepidermal layer is represented by angular collenchy-

ma. The main parenchyma of the central vein consists of 

large parenchyma cells. In the cells of the parenchyma 

there are druses, single crystals. The xylem of the central 

beam consists of spiral vessels. Core rays single-row. 

Phloem consists of small cells. On the outside of the 

phloem there are 1–2 layers of sclerenchyma. On the 

underside of the central vein, this layer is not integral. 

The phloem cells have druses. 

The petiole is richly covered with fuzzes (Fig. 10–

11). Epidermal cells are small, parenchymal, often rectangu-

lar in shape (Fig. 12). At the base of the stem is triangular-

sickle-shaped. There are three conductive bundles: one 

central and two in shoots. Near the leaf pad, the petiole has 

an almost rounded shape (Fig. 10). A central conductive 

beam is formed from three beams. In the middle and upper 

parts of the upper side of the petiole formed a ledge. Under 

the epidermis (in cross section) is an angular colenchyme 

from 3 to 6 layers. The main parenchyma consists of round-

ed, large cells in which druses occur. In the layer of the 

parenchyma there are large intercellular cells. The anatomi-

cal structure of the petiole is similar to the structure of the 

central vein (Fig. 11). 

Sprout. In the cross section at the top of the shoot 

has a rounded shape with two ribs (Fig. 13). The shoot is 

covered with simple long unicellular fuzzes with thin 

walls. Under the epidermis up to 6 layers of collenchy-

ma. The parenchyma of the primary cortex is loose, with 

large intercellular cells (Fig. 13). Cells have chloroplasts, 

also available druses. Primary bast fibers are in groups of 

different sizes. As the branches grow, the sections of the 

bast merge into the ring of the bast. Xylem looks like a 

ring. The cells of the parenchyma of the xylem are thin-

walled. Core rays single-row. Cells are thin-walled, po-

lygonal. 

Diagnostic features of the powder of goat willow 

shoots (Fig. 14): fragments of the epidermis with fuzzes, 

individual fuzzes, sections of spiral vessels, fragments of 

leaf mesophyll, fragments of conductive beams with 

crystalline cover, parenchyma with druses, fragments of 

the crust, phloem fibers (Fig. 14). 

 

5. Discussion of the results 

When conducting microscopic examinations, at-

tention was paid to the diagnostic elements of shoots of 

epidermal cells, the type of lamina, the presence of the 

type of respiration, the characteristic of fuzzes. The re-

sults of the study confirmed that the shoots of goat wil-

low have a characteristic structure of the stem for woody 

dicotyledon plant. 

The leaves of many plants are characterized by a 

peculiar microrelief of the surface (outgrowth of cells, 

folds on their surface, deposition of wax crystals). Micro-

relief is taxon-specific and its features are used as diag-

nostics in botany and pharmacognosy in the identifica-

tion of medicinal plant material. In modern scientific 

research, the methods of scanning electron microscopy 

(SEM) are used to determine the features of the microre-

lief structure of a plant surface. The study of the ultra-

structure of the surface of the leaf Salix caprea L. re-

vealed diagnostic micromorphological features: the type 

of surface relief, the type and orientation of the wax 

crystals, the type of trichomes, the location of respiration 

relative to the level of the main epidermal cells, which 

are of importance for the development of quality control 

techniques at the present level. 

Study limitations. The microscopic method of 

analysis gives the most reliable results of identification 

of raw materials. However, in the course of our research, 

there were difficulties in the analysis of powdered willow 

raw material. When grinding raw materials, fuzzes are 

often broken off, crystals spilled, and attached to other 

parts of the powder, which does not always allow the 

authenticity of the raw material to be adequately estab-

lished. In addition, close plant species are known to have 

very similar anatomical and diagnostic features, differing 

in frequency detection and sizes.  

The prospects for further research are to con-

tinue pharmacognostic studies of Salix caprea L. shoots. 

 

6. Conclusions 

An in-depth study of the morphological and ana-

tomical structure was performed and the main diagnostic 

features of Salix caprea L. shoots were established: 

– shoot in cross section has a rounded shape with 

two ribs, covered with simple long unicellular fuzzes 

with thin walls, under the epidermis up to 6 layers of 

lamellar angiogenesis, parenchyma of the primary bark is 

loose, with large intercellular cells, fibers are present in 

size , xylem in the form of a ring, vessels are porous, 

core rays single-row. 

– lamina of dorsiventral type of structure, hypo-

static. 

– the upper epidermis is polygonal, with uniform-

ly thickened membranes, the upper side of the leaf plate 

stomatas absent, simple unicellular fuzzes present only 

on the veins. 

– the lower epidermis has a considerable number 

of different respiration in size, the type of breathing ap-

paratus is anomocytic, the cells of the lower epidermis 

are much smaller than the cells of the upper epidermis, 

abundantly covered with fuzzes, which are simple, uni-

cellular, thin-walled, with a sharp acuminate.  

– the crystalline inclusions of calcium oxalate are 

represented by druses and prismatic crystals located 

along the veins (crystalline lining). 

– in the powder of the raw material there are 

fragments of the epidermis with fuzzes, individual fuzz-

es, sections of spiral vessels, fragments of mesophyll 

sheet, fragments of conductive bundles with crystalline 

lining, parenchyma with druses, xylem fibers, fragments 

of phloem. 

The obtained data allow identification of Salix 

caprea L. raw materials. 

For the first time, using the scanning electron mi-

croscope, the ultrastructure of the epidermal surface of 

the leaves of Salix caprea L. was investigated. 

The obtained results significantly expand infor-

mation on the anatomical structure of shoots of Salix 



Scientific Journal «ScienceRise: Pharmaceutical Science»                                                                     №4 (20)2019 

 
43 

caprea L. and will be used in the standardization of raw 

materials of species of the family Salicaceae. 
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