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INTRODUCTION
Arctium lappa L. is one of the six species of the 
genus Arctium L., of the family Asteraceae Bercht. 
& J.Presl widely distributed as a weed in Europe, the 
USA, Uruguay, Argentina, the Himalayas, China, 
Japan, the European part of Russia, the Caucasus, 
Western Siberia, and the Far East.1,2

Burdock has been used in folk medicine in 
different countries since ancient times. Burdock 
oil was used to strengthen and nourish hair, as a 
remedy for lice, rashes, lichen, trophic ulcers. 
Fresh burdock leaves were used for burns, rashes, 
itching, eczema, ulcers and dermatitis, mouth 
and eyes mold lesions. Juice and decoctions were 
used for gout, to stimulate metabolism, treat 
arthritis and arthrosis, articular rheumatism, 
sciatica, bad breath, urolithiasis, stomach ulcer. 
Antibacterial properties of big burdock were used 
for sore throats, syphilis, inflammation of the 
mucous membranes of the genitals, initial forms 
of upper respiratory tract diseases, inflammation 
of the mucous membranes of the mouth, gums, 
throat, and, due to their anti-parasitic effect, they 
are used for intestinal worms.3-7 Folk medicine 
has accumulated the experience in treatment of 
prostate adenoma and other oncological diseases 
with fresh juice, galenic preparations of burdock 
roots, leaves, inflorescences.8,9 In China, the seeds 

and roots of big burdock are used for insect and 
venomous snake bites, edema, hemorrhages, boils, as 
well as cholagogic, diuretic treatments.10

In Russian official medicine only three types of 
burdock roots are used – Arctium lappa L., Arctium 
tomentosum Mill., Arctium minus Mill.11 In Japanese 
official medicine the fructus of Arctium lappa L are 
used.12 Fresh roots of Arctium lappa L. harvested in 
the autumn of the first year or in the spring of the 
second year before florification are used to obtain 
pharmacopoeial homeopathic preparations.13

In several in vitro, in vivo studies and clinical trials 
on volunteers antimicrobial, hepatoprotective, 
antioxidant, antimutagenic, anti-inflammatory, 
immunostimulating, antitumor properties of extracts, 
aqueous extraction, essential oil, resinous substances 
and root juice were proven; anti-microbial, anti-viral, 
anti-oxidant, anti-ulcer, anti-inflammatory potential 
of extracts and leaf juice was shown.14-32

Burdock roots have a promising anti-diabetic effect 
which is manifested in the improvement of glucose 
homeostasis and a decrease in insulin resistance.33 
Big burdock root inulin is used for the prevention 
and treatment of diabetes mellitus, normalization of 
pancreatic function.34-37

Water and ethanol fructus extracts reduce the 
production of histamine and pro-inflammatory 
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cytokines; ethanol extract has pronounced in vitro schistosomicidal, 
antiherpetic, and anti-allergic effects.38-43 Some fructus compounds 
have an anti-inflammatory and powerful inhibitory effect on tumor 
growth.44-51 Randomized, placebo, as well as controlled clinical studies, 
have shown that burdock fructus mucus has a therapeutic effect on 
dryness, itching, and skin burns.52, 53

The data presented in the topic-related literature proves the prospects 
of the Arctium lappa L. fructus and leaves use for medical purposes. 
Therefore, it is necessary to establish microscopic, macroscopic and 
analytical standards in order to avoid falsification. The purpose of the 
given research is to study the pharmacognostic standards of fructus 
and leaves to obtain their diagnostic features, thereby establishing 
diagnostic indices that will be useful in assessing purity, quality, safety 
and standardization of samples of medicinal raw materials.

MATERIALS AND METHODS

Collection, identification, and preparation of plant 
materials
The target of the research was big burdock leaves of the first and second 
year of vegetation harvested in the middle of the growing season, 
fructus collected in autumn during the fruiting season of 2019-2021 
from wild and cultivated Arctium lappa L. Wild big burdock was 
harvested on the territory of Tomsk district of Tomsk region (Russia) 
(Figure 1), cultivated big burdock was collected at the production site 
of LLC “Wisterra” (Altai Krai, Russia) (Figure 2).

During plant raw materials’ harvesting, areas with similar conditions 
of shading/illumination and moisture were selected. Harvesting was 
carried out during the same part of the day. The authenticity of samples 
was proven by the Department of Pharmaceutical Analysis of the 
Siberian State Medical University, Tomsk, Russia. 

Fresh leaves were dried to an air-dry state in the open air in the shade. 
The dried raw material was crushed to a particle size of 3-5 mm, packed 
and used later for pharmacognostic research.

Photomicrographs 
Photomicrographs with different magnifications were made using a 
“Carl Zeiss” microscope (Germany) and a “Canon” camera (Japan). 
For normal observations, a light background was used. Polarized light 
was used to study lignified cells and starch grains. Descriptive terms of 
anatomical features are given in accordance with the individual articles 
of the State Pharmacopoeia of the Russian Federation.11

EXTRACTION 
Fractions and extract

About 50 g of dried leaves, fructus was extracted with various solvents 
with increasing polarity. The used solvents were chloroform, ethyl 
acetate, ethanol, and distilled water (350 ml each separately for 30 
minutes). The extracts were concentrated on a rotary evaporator under 
reduced pressure at 35-40°C and stored at 4°C in a refrigerator until 
further use. 

Phytochemical analysis

Preliminary phytochemical analysis was performed in different fractions 
and extracts to study the class of contained substances. Standard 
methods of the State Pharmacopoeia of the Russian Federation, as well 
as methods widely used in pharmacognosy and phytochemistry were 
used for phytochemical analysis.11,54 

Histochemical reactions

To confirm the presence of various groups of substances, the methods of 
the State Pharmacopoeia of the Russian Federation and other methods 
adopted in pharmacognosy were used.11,54

Reactions on the presence of fatty and essential oils were conducted 
by the colouration with a solution of Sudan III; mucus with a solution 
of black ink; inulin after addition of alcohol and concentrated sulfuric 
acid; lignin with aniline sulfate. 

UV spectrum

An extraction using water acidified with hydrochloric acid was obtained 
to confirm the presence of anthocyanins in the raw material, detected in 
the epidermis by microscopic examination of leaf petioles. To perform 
this task, 1.0 g of crushed raw material was placed in an Erlenmeyer 
flask with a capacity of 100 ml, then 50 ml of purified water containing 
1% hydrochloric acid (pH2) was added. The flask was attached to a 
reverse refrigerator and heated in a boiling water bath for 30 minutes. 
After this time, the resulting extract was cooled to room temperature, 
filtered through a paper filter, and the optical density was measured on 
an SF-2000 spectrophotometer (OKB Spektr, Russia) in a channel 
with a layer thickness of 10 mm in the wavelength range of 500-
540 nm. As a comparison solution the extractant used to obtain the 
extraction was used. 

Figure 1: Photograph of Arctuim lappa growing in its natural habitat 
(Tomsk region, Russia).  

Figure 2: Photograph of Arctuim lappa cultivated (Altai region, Russia).  
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PHARMACOGNOSTIC STANDARDIZATION
Macroscopic examination 

Fresh and dried leaves and fructus were examined using the methods 
described in the 14th edition of the State Pharmacopoeia of the Russian 
Federation of the General Pharmacopoeia Monograph (GPM) “Leaves”, 
“Fructus”, “Technique of microscopic and micro-chemical research of 
medicinal plant raw materials and medicinal plant products”.11

Macroscopic features of leaves, which include color, smell, taste, 
structure, leaf shape, leaf base and apex, type of leaf edge, presence of 
petiole, its parameters, type of petiole surface, parametres, leaf trichome 
and petiole, leaf venation, presence of essential oil glands, hairs were 
studied and documented.

Macroscopic features of fructus, such as shape, size, surface character, 
skin features, presence of peduncle, color of the pericarp, smell, taste, 
color were also studied and documented. 

Microscopic examination 
Quantitative microscopy of the leaves

Was carried out according to the standard methods of the European 
Pharmacopoeia including specification of the stomatal index, number 
of stomata;55 the number of certain types of trichomes was additionally 
studied. 

Qualitative microscopy of the leaves, fructus

Well-known and described in the topic-related sources techniques of 
qualitative microscopy were used in this study.11

RESULTS

Phytochemical analysis
The results of phytochemical screening of biological active substances 
in the leaves and fructus of burdock are presented in table 1. 

Histochemical reactions
The presence of fatty oil in fructus was discovered by characteristic 
colouration in orange-yellow colour with a solution of Sudan III, 
whereas essential oil in leaves – by colouration in orange-yellow color 
with the same reagent. Essential oil is clearly visible without any dyes 
in the leaf preparation in the form of light yellow drops; mucus in the 
leaves is a colorless mass on a black background made visible by the 
solution of black ink; inulin is present in the form of spherocrystals 

settling out after the addition of alcohol and concentrated sulfuric 
acid in leaves petioles; lignin is discovered by yellow colouration 
reaction with aniline sulfate (sclereids and sclerenchymatous fibers). 

UV spectrum
In the studied region of the spectrum, the acidified aqueous extract of 
leaf petioles has a maximum at 510 ± 3 nm (Figure 3). 

Pharmacognostic standardization
1.	 Macroscopic examination 

2.	 Macroscopic examination of leaves presented in Table 2, fructus in 
Table 3. 

MICROSCOPIC EXAMINATION 

Quantitative microscopy of the leaves
Considerable pubescence of the lower surface of the leaf did not allow 
counting the number of stomata and the stomatal index. Therefore, 
quantitative assessment of these indicators was carried out only 
for the upper surface of the leaves of the lower, middle and upper 
tiers. Additionally, the number of glandular capitate trichomes was 
counted. The data is given in Table 4. 

Qualitative microscopy of the leaf and fructus
Qualitative microscopy of the leaf 

Microscopy of the leaves revealed that they are amphistomatic (stomata 
are found on the adaxial and abaxial surfaces of the leaf). The stomata 
are large, oval of anomocytic type. There are also several types of 
trichomes: simple multicellular unbranched with thin and thick walls, a 
long sinuous end cell, glandular capitate trichomes with a single-celled 
rounded or oval head and a multi-cellular leg. Essential oil glands were 
found on the surface of the leaves.

On the leaves petioles there are only simple multicellular unbranched 
trichomes with thin and thick walls and a long, sinuous terminal cell. 

Traverse section of the leaf petioles and fructus

Traverse sections of leaves and fruсtus petioles of big burdock revealed 
the presence of characteristic microscopic features shown in Figures 4-10.

Analytical standards of leaf and fructus of Arctium lappa 

The analytical standards of the leaf and fructus of Arctium lappa 
revealed the composition of the total ash, acid insoluble ash, dilute 

Class of compounds ETF EAF CHF WE
Leaf (1 year of vegetation / 2 years of vegetation)
Flavonoids + / ++ ++ / +++ + / + + / ++
Phenolic acids +++ / + ++ / + ++ / + ++ / ++
Polysaccharides + / ++ - / - - / - +++ / +++
Tannins ++ / +++ - / - - / - ++ / +++ 
Terpenoids + / + + / + + / + + / +
Saponins + / ++ + / + + / + + / +
Fructus
Flavonoids + - - +
Phenolic acids + - - +
Polysaccharides - - - +
Tannins + - - +
Terpenoids - - - -
Saponins + - - +

Table 1: Phytochemical analysis of the Arctium lappa.

Key: ETF = Ethanol fraction, EAF = Ethyl Acetate fraction, CHF = Chloroform fraction, WE = water extract; «-» = not present, «+» = 
present, «++» = present in moderately high quantity, «+++» = present in very high quantity. 
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Parametres Observations
Colour Green on the outer surfaces, greyish pubescent on the inner surface
Structure and shape of leaf very large, heart-shaped or broad-heart-ovate
Margin of leaf spaced emarginate -serrate or whole
Composition of lamina Simple
Venation Cirro-reticular
Base and top Apex of the leaf Wide, wedge-shaped, rounded, uneven base, acute apex
Size 0,2-50 cm long and 0,2-40 cm wide
Presence of a petiole, its size long petiole 30 сm and more (55 cm)

Pubescence of leaf and petiole Dense pubescent on the inner surface of leaf and sparse hairs on the outer surface; pubescent on the 
surface of petiole

Surface of petiole Ribbed
Odour Without odour
Taste Bitter
Presence of essential oil glands, trichomes essential oil glands, trichomes of several types

Table 2: Macroscopic evaluation of leaf of Arctium lappa.

Parametres Observations
Shape obovate, wedge-compressed, slightly curved
Colour brown with spots, sometimes black, variegated with black spots on a gray background
Odour Practically odorless
Taste Slightly bitter and oily
Size 4-7 mm long, 2–3 mm in width
Surface matte,fine- wrinkled
Presence of a peduncle In the center of the base of the fruit
Number of seeds One seed, consisting of two large cotyledons, fused with the pericarp

Table 3: Macroscopic evaluation and organoleptic properties of fructus of Arctium lappa.

Parametres Values
Stomatal number Upper epidermis 2.91 ± 0.29
Stomatal index Upper epidermis 8.28 ± 0.81
Capitate glandular trichomes Upper epidermis 2.36 ± 0.2

Lower epidermis 1.96 ± 0.2

Table 4: Quantitative microscopic evaluation of leaf of Arctium lappa.

Key: The values obtained are the mean for upper, lower and middle leaves.

Parametres
% w/w composition

Leaf Fructus
Total ash not more than 14% not more than 7%
Acid insoluble ash not more than 5% not more than 1%
Water soluble extractive value not less than 20% -
Dilute ethanol soluble extractive value - not less than 15%
Moisture not more than 13% not more than 12%

Table 5: Analytical standards of leaf, fructus of Arctium lappa.

Figure 3: UV spectrum of acidified aqueous extract of leaf petioles of Arctium lappa.
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Figure 4: Photomicrograph of leaf of Arctium lappa. Epidermis with straight walls (A); highly sinuous walls (B), stomata of the anomocytic type.

Figure 5: Photomicrograph of leaf of Arctium lappa. Simple multicellular trichome (C); essential oil gland (D).

Figure 6: Photomicrograph of leaf of Arctium lappa.  Glandular capitate trichoms with an oval head (E), a rounded head (F).
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Figure 7:  Photomicrograph of leaf petioles of Arctium lappa. Simple unbranched multicellular trichome (G). Cross section of the petiole. 
Epidermis (H); simple multicellular unbranched trichoms with thin and thick walls (I).

Figure 8:  Photomicrograph of leaf petioles of Arctium lappa.  Collenchyma (J), bicollateral open conducting bundle (K).

Figure 9:  Photomicrograph of leaf petioles of Arctium lappa.  Inulin spherocrystals (L); cells containing mucus (M).
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Figure 10: Fructus of Arctium lappa  (х 420): cross section of achene (O): pericarp (1), cotyledons (2); cross section mesocarp (rib, P): brachysclereids (1), and  
macrosclereids,; longitudinal section of the pericarp (Q): exocarp (1); cross section pericarp (R): exocarp (1), mesocarp (2); longitudinal section mesocarp (S): 
macrosclereids (1), brachysclereids (2); longitudinal section mesocarp (T): macrosclereids (1), sclerenchymal fibers (2); longitudinal section of the pericarp (U): 
sclerenchymal fibers with reticular and spiral wall thickenings (1), endocarp (2); cross section of the seed coat (V): macrosclereids with strongly thickened walls 
(1); longitudinal section of the seed coat (W): macrosclereids with strongly thickened walls (1); longitudinal section of the seed coat (X): lignified macrosclereid 
wall with simple pores (1); cross section of achene (Y): inner layer of the seed coat with collapsed parenchymal cells (1); endosperm cell layer (2); cross section 
of the embryo cotyledons (Z): round or oval cells with aleurone grains and drops of fatty oil (1), drops of fatty oil (2).
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ethanol soluble extractive value, water soluble extractive value and 
moisture content as presented in Table 5.

DISCUSSION
The phytochemical analysis of the extract and fractions revealed 
the presence of such groups of biologically active substances (BAS) 
as flavonoids, phenolic acids, tannins, polysaccharides, saponins, 
terpenoids (Table 1) which confirms the data given in the topic-related 
sources on chemical composition of burdock.56-60 The predominant 
group in leaves and fructus are phenolic compounds (flavonoids, 
phenolic acids, tannins), polysaccharides. The BAS components 
dominating in different parts of big burdock ensure in pharmacological 
effect of this species.44,56,58,59 As a result of microscopic examination it 
was found that in the leaves such group as anthocyanins is present. 
The maximum absorption in the visible area of the spectrum of the 
acidified aqueous extract of the leaf petiole is well pronounced, it is 
located in the long-wavelength region of the spectrum, where only 
coloured compounds are absorbed in the wavelength range peculiar 
for individual anthocyanins.60 The obtained data on phytochemical 
analysis will be used in the development of methods for analytical 
standardization of leaves and fructus, which will be reported in our 
next research. 

The carried out histochemical reactions confirmed the presence of 
inulin in the leaf petioles; mucus in the leaves; essential oil; fatty oil and 
lignin in the seeds.

The pharmacognostic research has shown that the fructus and leaves 
of burdock have a set of unique diagnostic features (macroscopic, 
microscopic features, analytical characteristics). Organoleptic 
properties such as smell, taste and color were also established. It 
was found that the leaves are green on the outer surface and grayish 
pubescent on the inner surface; the fructus are brown with spots, 
sometimes black or mottled with black spots on a gray background; 
the roots are brown on the outer surface; the leaves, roots and fructus 
are most often odorless or with a faint smell, bitter, and the fruits have 
a slightly bitter or oily taste.

In accordance with macroscopic standards, macroscopic characteristics 
of the leaves such as edge, venation, base, apex, etc. – denticular, 
reticulated, bilateral and sharp; for fructus – shape, size, surface, 
presence of pericarp, number of seeds were specified.

The quantitative microscopy is not currently provided for in the Russian 
quality standards. But due to the trend of alignment of domestic 
standards with foreign ones, new quality indicators for raw materials, 
substances, and drugs will gradually be introduced into future 
editions of Russian pharmacopoeias. Therefore, in the given research 
the following quantitative indicators were specified for the leaves of 
big burdock: stomatal index and the number of stomata. It is worth 
mentioning that it is extremely difficult to detect stomata on the lower 
side of the leaf due to the large number of trichomes, so these indicators 
are determined only for the upper side of the leaf. Due to the fact that 
our studies previously established a link between man-made pollution 
and an increase in the number of glandular hairs on the example of 
plantain leaves,61 the number of glandular capitate trichomes, as well as 
essential oil glands on the upper and lower sides of the burdock leaf was 
additionally calculated. Comparative data on the number of trichomes 
in samples collected from ecologically clean and polluted territories will 
be revealed in one of the upcoming publications.

The description of microscopic features in the Russian quality standards 
differs from the European ones in the abundance of details of diagnostic 
features that allow distinguishing raw materials approved for utilization 
from morphologically and systematically similar plant species.

The detailed qualitative microscopic study of the big burdock leaves 
is performed and published for the first time. Large, oval, anomocytic 

stomata both submerged and not submerged in the epidermis were 
found. Epidermal cells are straight-walled, weakly branched, strongly 
branched with thin walls. The number of stomata depends on the 
height of the leaf growth. With an increase in leaves tiering the number 
of stomata detected in the objective field of view of the microscope 
lens decreases. It is also worth noting that it is extremely difficult to 
detect stomata on the underside of the leaves of any tier due to the large 
number of trichomes.

Several types of trichomes are found on the upper and lower sides of the 
leaves: simple multicellular unbranched hairs consisting of a base with 
straight-walled cells with thin 2-7 (more often 4) and thick (2-6) walls, 
the end cell of these hairs is long, narrow, cord-shaped, often strongly 
sinuous; glandular capitate trichomes with a single-celled rounded, less 
often oval head and a multicellular leg of cells (3-7, more often 3 cells) 
with straight and thin walls. The hair’s head can have a brown-yellow 
filling. 

In the micro-preparation of the leaf, essential oil glands which consist 
of 6-10 (more often 8) excretory cells arranged in 2 rows and 3-5 
(more often 4) rows were discovered. This differs from the structure 
of the glands described in the topic-related sources as “peculiar for 
the Asteraceae family” and consisting of 4-6 excretory cells arranged 
in 3-4 rows. The microscopic examination of the petiole revealed a 
large number of simple multicellular hairs on the outside of the petiole 
consisting of a base with straight-walled cells with thin and thick 
walls, with a long, cord-shaped, often strongly sinuous end cell (as 
on the leaves). On the outer side there are straight- and thick-walled 
rectangular epidermis cells which are arranged in one row. The angular 
collenchyma is found in the ribs. The parenchyma is represented by 
small straight - and thin-walled polygonal cells or large straight-
and thick-walled cells of a rounded shape. The bicollateral bundles 
consisting of primary and secondary phloem, xylem and cambium are 
arranged cylindrically. In the central parts and parts closer to the leaf, 
a hollow core is found.

The detailed microscopy of the fructus, as well as the leaves, has not 
been previously performed in the topic-related sources. On the cross-
section of the achene the pericarp and the seed are visible. The epidermis 
of the pericarp (exocarp) consists of palisade-like elongated cells with 
strongly thickened outer and side walls. The mesocarp of the achene 
consists of brachysclereids, macrosclereids and sclerenchymal fibers 
with latticed and spiral thickenings of cells. Brachy- and macrosclereids 
are located in the outer part of the mesocarp, and sclerenchymal fibers 
are located in the inner part. The endocarp consists of a single layer of 
oval cells without intercellular space, tightly fused with the cells of the 
seed shell. The seed shell is represented on the outside by a thick layer 
of macrosclereids with strongly thickened walls. The inner layer of the 
seed shell is represented by meshed parenchymal cells. The endosperm 
consists of a single layer of polygonal cells filled with aleurone grains 
and drops of fatty oil. The cotyledons of the plant embryo consist of 
round or oval-shaped cells containing aleurone grains and drops of 
fatty oil. 

In Russian pharmacopoeias, as well as in foreign ones, the indicators of 
total ash and ash insoluble in hydrochloric acid are specified. The total 
ash in the leaves is 10.6-12.7%, in the fructus – 3.73-6.33%. This indicator 
provides useful information about the quality level, environmental 
cleanliness and appearance of plant raw materials. Acid-insoluble ash 
is more reliable than the total value of the total ash. Its content is 3.01-
4.74% in the leaves, 0.12 – 0.89% in the fructus which indicates that 
oxalates and calcium carbonates dissolved in hydrochloric acid.

The “extractive value” indicator is used as one of quality indicators 
of unrefined herbal medicines in which individual components or 
groups of biologically active substances are difficult to evaluate by other 
methods. The results revealed that water-soluble substances dominate 
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in the leaves and roots, their content is at the level of 21.1 - 26.4% in the 
leaves and at the level of 35.8-65.1% in the roots. Due to the specifics of 
the chemical composition of the seeds the content of substances soluble 
in ethanol was evaluated in the fructus. The content of these substances 
is 15.7-19.4%. The moisture content is 4.1-11.7% for fructus, and 5.3-
11.9% for leaves at room temperature. 

CONCLUSION
The results presented in this research can serve as a valuable source of 
information on diagnostic parameters for efficient identification of raw 
materials, development of suitable methods for chemical identification 
of leaves and fructus in the current and future studies.
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