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ANNOTATION
In the qualification work, a pharmacognostic study of the leaves of Plantago
major variety Purple was performed. Polysaccharides, amino acids, organic acids,
phenolic compounds, minerals were identified in the leaves, and their content was
determined. Morphological-anatomical features and indicators of the quality of raw
materials, the content of extractive substances were determined.
The qualification work is laid out on 56 pages. The main volume of the work
IS 48 pages. The work is illustrated with 11 tables and 10 figures.
Key words: pharmacognostic analysis, rosette leaves, Plantago major variety
Purple.
AHHOTAILIS
VY kBamiikaniiiHiii padoTi BUKOHAHO ()apMaKOrHOCTUYHE BUBUYEHHS JIUCTS
NOJOPOKHUKA Benukoro copty Ilypmypuuii. B nucTkax 1aeHTH(IKOBaHO
MoJIicaxapyuan, aMiHOKUCIIOTH, OpPTraHiuyH1 KUCIOTH, (PEHOIbHI CIOIYKH, MIHEpaJIH,
BU3HAYEHO 1X BMICT. Bu3HaueHO Mop(}oi0ro-aHaTOMIYHI O3HAKUA Ta MOKa3HUKU
SKOCT1 CHPOBUHU, BMICT €KCTPAKTUBHUX PEUOBHUH.
KBamiikamiitna pobota BukiazgeHa Ha 56 cropinkax. OcCHOBHUHM 00’eM
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INTRODUCTION

Actuality of theme. Expansion of the range of modern effective and safe
medicines can be achieved by introducing new original medicines based on natural
raw materials to the pharmaceutical industry. Modern science has investigated the
pharmacological properties of many plants, but today there is still a large amount
of research in the field of phytotherapy. Species of the genus Plantago are well-
known and interesting to study and create medicinal preparations based on them

Species of the genus Plantago L. are found in different plant communities
and exhibit ecological diversity. Plantains are quite widely represented in nature
and play a specific role in various plant communities. In addition, most plants of
this genus are widely used in folk and official medicine as anti-inflammatory,
expectorant, wound healing, hemostatic and antiulcer agents. In recent years,
varieties of Plantago major have become widespread. They are easily propagated,
cultivated and can provide raw materials for pharmaceutical production. Therefore,
the pharmacognostic study of Plantago major plant material of the Purple variety
and the expansion of the directions of use is an urgent task of pharmacy.

The purpose of the work is the pharmacognostic study of Plantago major
of the Purple variety and the determination of prospects for using the raw material
as a source of BAS complex for the development of herbal preparations.

To solve the set goal, it was necessary to complete the task:

- conduct a literature search on the systematic position, botanical characteristics,
issues of cultivation, chemical composition, medicinal use of species of the genus
Plantago L;

- to investigate the chemical composition and quantitative content of the main
groups of biologically active substances in plant raw materials;

- to investigate the morphological and anatomical structure of raw materials and to

determine diagnostic signs;



- study the main numerical indicators of raw materials and the content of extractive
substances depending on the type of extractant.

The object of the study is the grass Plantago major of the Purple variety,
harvested on the plots of the botanical garden named Hryshka (Kyiv, 2021).

The subject of research is the study of the chemical composition of the herb
Plantago major of the Purple variety; establishment of diagnostic macro- and
microscopic signs, numerical indicators of raw materials.

Research methods. Macro- and microscopic (study of macro- and
micropreparations of raw materials); physical (determination of loss in mass during
drying, total ash, solubility); chemical (qualitative reactions of BAS identification);
physical and chemical (paper chromatography, thin-layer chromatography,
spectrophotometry in the UV and visible parts of the spectrum, atomic emission
spectrometry); statistical processing of the results of the experiment "Microsoft
Office Excell 2003", in accordance with the requirements of the State
Pharmacopoeia of Ukraine.

Practical significance of the obtained results. The analysis of the results
obtained during the experiment showed the perspective of using the herb Plantago
major of the Purple variety for obtaining BAS complexes.

Scientific novelty of the obtained results. For the first time, a
comprehensive pharmacognostic study of the herb Plantago major of the Purple
variety was conducted.

For the first time, complexes of polysaccharides and pectin substances were
obtained from the grass Plantago major of the Purple variety in the flowering
phase, their content, total ash content, and mass loss during drying were
determined. The component composition of sugars of water-soluble
polysaccharides was studied.

For the first time in the herb Plantago major of the Purple variety, the amino

acid composition and their content were determined by gas chromatography.



For the first time, hydroxycinnamic acids (chlorogenic, neochlorogenic,
ferulic), flavonoids (quercetin, kaempfeol, rutin, hyperoside, luteolin) were
discovered in the herb. Quantitative content of total flavonoids, total

hydroxycinnamic acids, total polyphenols was studied.

For the first time, ascorbic, tartaric, and citric acids were identified, the
content of ascorbic acid and the amount of organic acids were determined.

The mineral composition of the raw material was studied. The content of
heavy metals was determined.

For the first time in the herb Plantago major of the Purple variety, the loss in
mass during drying, the content of total ash, the content of extractive substances
when using different extractants was determined.

For the first time, the morphological and anatomical diagnostic features of
the herb Plantago major of the Purple variety were investigated.

Approbation of the results and publication. The results of scientific

research are presented at the X International Scientific-Practical Conference
«Modern achievements of pharmaceutical technology», on May 10-11, 2023,
Kharkiv, National University of Pharmacy.
Gontova T., Kouritii A. The pharmacognostic study of the herb Plantago major
Purple wvariety. X International Scientific-Practical Conference «Modern
achievements of pharmaceutical technology» dedicated to the 60th anniversary of
the birth of Doctor of Pharmaceutical Sciences, Professor Gladukh levgenii
Volodymyrovych, which will take place on May 10-11, 2023, Kharkiv. 2023 — P.
190.

Structure and scope of qualification work. The qualification work is laid
out on 56 pages of typewritten text, 48 pages of the main text, consists of an
introduction, 4 chapters, general conclusions and a list of literary sources,
appendices. The work is illustrated with 10 figures, 11 tables. The list of references

includes 63 sources.



CHAPTER 1

PHARMACOGNOSTIC STUDY OF SPECIES OF THE PLANTAGO
GENUS (Literature Review)

1.1 Botanical characteristics of the genus and varieties

The systematic position of Plantago is as follows:

Kingdom: Plantae (Plants), Type/Department: Angiosperms (Angiosperms)

Class: Magnoliopsida (Magnoliopsida, dicots), Order/Order: Lamiales
(Labiales), Family: Plantaginaceae (Plantain), Genus: Plantago (Plantain) [60, 63].

Studies of Plantago pollen have shown that as early as 4,000 years ago, this
plant has been used for various purposes. The plant was spread throughout the
world by Europeans; the Indians called it the "white man's footprint”, as it
appeared wherever Europeans went.

It should be noted the high plasticity of species and their ability to develop
various ecotopes. The combination of different types of behavior in a changing
environment, as well as a high degree of lability, is a necessary mechanism for the
adaptation of species, which determines the possibility of conservation and long-
term existence. Among the species of the Plantago genus, a great ecological
diversity has been revealed. Among them there are ecologically highly specialized
species and species with a high value of the tolerance index, i.e. widely specialized
species capable of adapting to a different combination of environmental conditions
[18].

The area of distribution is diverse from mountainous terrain to deserts,
marshy places, species are found in North and South America, New Zealand,
Australia, North Africa, and the Mediterranean. The plantain can be found near
homes, along roads, in gardens, fields, meadows, pastures, along river banks, in

clogged wet places, in steppes, and mountainous terrain [21].
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About 200 species are known worldwide [60, 63]. Among the species of the
Plantago genus are woody plants, perennial and annual herbs. About 18 species
grow in Ukraine and they are grasses.

Among plant species, population studies cover quite widely such species of
the Plantago genus as P. major L. and P. lanceolata L. These studies, which began
in the 1920s and 1930s, were continued in the United States. Over the past 20
years, the program of Dutch researchers has been intensively developing, including
the study of soil and phytocenotic aspects: morphology, physiology and
biochemistry of plants; taxonomy and intraspecific variability of characters;
ecology and genetics of populations. These species are well studied from a
chemical point of view [62].

The following characteristics can be attributed to the general characteristics
of species of the plantain genus (Table 1.1).

Table 1.1
General morphological characteristics of species of the Plantago genus,

common in Ukraine

Plant Organ Characteristic

1 2

Underground organs | short rhizome with numerous adventitious roots forming a

adventitious system

Leaves long-petiolar leaves with a simple leaf blade and arcuate

venation, collected in a basal rosette

Stems leafless, erect, flower-bearing arrows

Inflorescences Flowering stems with spice at the top
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Contin. of Table 1.1

2

Flowers

Greenish small actinomorphic flowers are bisexual, the
calyx is four-lobed or four-lobed, the corolla is tubular,
short, membranous; stamens 4 or rarely 1-2, attached to
the tube, gynoecium coenocarpous, pistil 1 with a two-
lobed receptacle, ovary superior

Fruits

an egg-shaped, two-nested capsule with numerous, small,
brown, dark-brown seeds. Seeds with fleshy endosperm.

Most types of wind-swept

Plantago major L. (Fig. 1.1) is the most widespread species in Ukraine. It is

distinguished by the following morphological features. The plant is perennial, up to

50 cm tall. The root system is fibrous with a short rhizome. The stem is shortened.

The leaves are broadly elliptic or egg-shaped, the venation is arcuate (veins 5-6),

the edge is solid. The inflorescence is a spike. The flowers are small, with a

Fig. 1.1 Plantago major L.

In addition to Plantago major L., the official species in Europe and Ukraine

are Plantago psyllium L. and Plantago lanceolata L. [3]. Medicinal plant raw
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materials are leaves, grass, roots of Plantago major L. and Plantago lanceolata L.
and seeds of Plantago psyllium L., leaves - Plantaginis majoris folium and seeds -
Plantaginis majoris seeds are used for the manufacture of medicines. Leaves and
grass are harvested during flowering, seeds after ripening [15, 16, 17, 34].

The selection of species is aimed at increasing the yield and quality of
products, resistance to diseases, pests and adverse changes in the external
environment (drought resistanc e, winter resistance, resistance to lodging), creation
of varieties suitable for mechanized cultivation at all stages of growth.

Among the species of the genus Plantago there are also modern varieties [4,

10]. Plantago major is more often used to create varieties. On the basis of this

species, decorative varieties have been bred that differ in size, leaf color, and

Fig. 1.2 Varieties of plantain

1 — Purple, 2 — Purple Perversion, 3 — Variegata, 4 — Rosularis, 5 —Poltava.
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Table 1.2

Morphological features of Plantago varieties

The name of the variety

Morphological features

Plantain variety Poltavs’kyi

medium-ripe variety; a perennial herb up to 40 cm tall
with a short rhizome and secondary fibrous roots; with
green, elongated-lanceolate leaves, up to 30-40 cm
long; flowering stems are reddish, up to 40 cm tall;

flowers are small green, Dbisexual, with an

actinomorphic tubular corolla [63].

Plantain variety Variegata

a perennial grass with a short rhizome and secondary
fibrous roots; with large long-petioled leaves, up to 40
cm long; leaf blade is green with white stripes;
flowering stem is upright, up to 40 cm tall; flowers are
small green, bisexual, with an actinomorphic tubular

corolla.

Plantain variety Rosularis

a medium-sized perennial grass up to 20-30 cm tall
with a short rhizome and secondary fibrous roots;
leaves are green, long-petioled, ovate-elongated or
wide-oval; peduncles in the shape of a rosette resemble
heads of cabbage (hence the name "rose-shaped").

Seeds are not formed.

Plantain  variety  Purple

(synonym Atropurpurea)

a medium-sized, winter-hardy decorative leafy
perennial grass, up to 20-30 cm tall; long-petioled,
wide-oval leaves of purple color; peduncles are green,

which later acquires a red-brown color.

Plantain  variety  Purple

Perversion

a medium-sized perennial herb up to 20-30 cm tall with
decorative "corrugated” purple leaves with a wide oval
blade and a wavy edge. At the place of the flower stalks

rosettes are formed, as in the Rosularis variety.




14

1.2 Chemical composition of raw materials

Plantago major and other species of the genus contain different groups of
biologically active substances. Polysaccharides were found in plantain leaves;
mucus; flavonoids (apigenin, luteolin, baicalin and scutelarin); iridoids (aucubin -
during hydrolysis it splits into glucose and aukubigenin, catalpol, aukuboside);
vitamins (K, ascorbic acid, provitamin A); phenols and their derivatives (tyrosol);
phenolic acids (vanillic, p-hydroxybenzoic, ferulic, p-coumaric, salicylic, benzoic,
cinnamic, chlorogenic, neochlorogenic, methyl and ethyl esters of cinnamic acid,
etc.); bitterness, tannins; steroidal saponins; traces of alkaloids, mineral salts [1, 2,
9, 23, 24, 33, 45 ]. The content of tannins - 4-5.7% [61].

Raw plantain contains triterpenic acids (sitosterolic, oleanolic, and ursolic)
and monoterpenoids (linalool), which exhibit anti-inflammatory, cytotoxic, and
antioxidant effects [56].

Free organic acids (citric, malic, tartaric, malonic, amber) were found in the
grass of such species as Plantago major and Plantago lanceolata [13, 28, 45].
Studying the composition of organic acids of leaves P. major, fumaric, lilac,
vanillic, p-hydroxybenzoic, ferulic, p-coumaric, gentisic, salicylic, benzoic,
cinnamic acids [9, 33]. Alkaloids - indicanin, plantagonin - were isolated from the
raw materials of Plantago major [56]. Also, the raw materials of species of the
genus Plantago contain fatty acids, namely palmitic, stearic, oleic, linolenic [56].

The quantitative content of volatile compounds in the organs of Plantago
major and Plantago lanceolata was determined. The highest content of volatile
compounds was in flowers up to 0.04%. When studying the qualitative
composition of Plantago major leaves, squalene (14%), p-ionone (8%),
hexadecane (6.8%), linalool (5.4%), phenyl acetaldehyde (2.2%) were found. -
ionone (5.6%), squalene (5.1%), eugenol (4.1%) were found in the leaves of
Plantago lanceolata [23, 33].
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Aucubin is considered to be the main iridoid glycoside in the leaves of P.
major, but its content varies greatly during the growing season; its highest content
Is noted in summer samples of raw materials (1.3%). The known lability of this
compounds leads to the fact that aucubin may be completely absent in the raw
materials used (the effect conditions of harvesting, storage, processing, etc.).

Polysaccharides obtained from plantain leaves are mainly pectin-like
polysaccharides, which consist mainly of galacturonic acid together with galactose,
arabinose and rhamnose [41, 58]. In the seeds of Plantago major, polysaccharides
are represented by xylose (40%), arabinose (13%), galacturonic acid (17%),
glucuronic acid (16%), and in the leaf by arabinose (10%), glucose (22%),
galactose (8%), xylose (2%), galacturonic acid (55%). Polysaccharides of Plantago
lanceolata leaves contain galacturonic acid (71%) and arabinose (29%) [11, 26].
The seeds and seed husks of Plantago ovata are high in polysaccharides, which are
recognized by the FDA as dietary fiber [59, 31].

Plantain seeds are also rich in various biologically active substances. Thus,
succinic acid was discovered from organic acids, aucubin from iridoids, as well as
mucus, steroids, and saponins; tannins; fatty oil, which includes oleic, linoleic,
linolenic, elaidic acids, triglycerides of oleic and linoleic acids, higher fatty acids
P. major seeds contain free carbohydrates Glc, Frc, Xyl, Rha, Sac, and PIt [19, 37].

The outer walls of the seeds contains polysaccharides that swell in the
presence of water and form highly viscous slimy solutions. The water-soluble
polysaccharides of the seeds were found to be acid arabinoxylans Xyl:Ara:GalUA
61:13:24 and Xyl:Ara:Gal:GalUA 78:13:3:6 [50, 53].

Fatty acids, free and after hydrolysis of triglycerides, were isolated from
seeds P. major. It has been established that about 65% of fatty acids are
unsaturated (oleic 18:1 - 37.4%, linoleic 18:2 - 25.3%) [11].
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1.3 Use in medicine

The use of plantain was mentioned by Dioscorides in De Materia Medica
around the 1st century BC. AD, who used it for dog bites. P. major is described in
the writings of an Islamic author of the 12th—13th centuries. lbn El Beitar, who
translated Greek medical texts. Plantain is even mentioned by Shakespeare in
Romeo and Juliet. Simon Paulli describes P. major in Flora Danica (1648) as a
very effective wound healing agent. Ethnopharmacological studies show that this
plant has been used in almost all countries of the world for a wide variety of
diseases [22, 37].

Species of the genus plantain are used in folk medicine and functional
nutrition [20, 40, 42, 48, 52]. Recent studies have shown that plantain
polysaccharides improve bowel function, exhibit hypoglycemic and
immunomodulatory effects. The main types of raw materials are seeds and leaves,
but there is information about the use of underground organs and grass.

Any part of the plant stops nosebleeds, hematemesis, treats epilepsy. Juice
plantain in a warm form, introduced into the ear helps with ear pain. A decoction
of the plant and the juice of the roots, when rinsed, it heals inflammation of the
oral mucosa, toothache, cures all severe diseases of the oral mucosa [29, 31, 49].
Ingestion of psyllium seeds stops bleeding from internal organs [17, 36].

Condensed (in the Sun) psyllium juice, when taken in internally treats
tuberculosis, weight loss, hematemesis, lung ulcers, increased blood pressure,
shortness of breath from the predominance of blood, epilepsy [29, 52]. Condensed
juice strengthens the liver, kidneys and spleen hot natures, opens their blockages,
soothes thirst normalizes the digestion of food. It stops the bleeding from all
internal organs, treats gonorrhea [52, 54].

Ingestion of its leaves, seeds opens blockage of the liver, kidneys, bladder,
treats intestinal ulcers [39]. Plantain leaves boiled with salt, lentils and vinegar stop

bloody diarrhea. If you drink plantain juice, condensed wine (musallas) treats pain
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in the kidneys and urinary bubble [51]. Ingestion, its condensed juice and enema
decoction seed cures intestinal ulcers [27, 31, 39].

Psyllium seeds are used as a laxative in the treatment of stomach ulcers. The
seeds are also used for treatment of male and female infertility, diabetes. Leavesare
considered a diuretic, antitumor agent [11; 12]. Plantain flowers are used for
diarrhea. Plantain roots, in the form of extracts, are used in the treatment of fevers,
tuberculosis of the lungs, as an antitussive crushed leaves mixed with the same
amount of sugar and left warm place for 3 weeks. The juice allocated at the same
time is consumed 3-4 times a day. Art. spoons for cancer of the lungs and stomach
[29, 31].

Plantain lanceolate is used in the treatment malaria, enuresis. Its juice,
mixed with honey, is used externally in the treatment of erysipelas [57]. A tincture
of leaves in vodka is used for toothache.

Plantago major seeds showed pronounced antiproliferative activity against
MCF-7, MDA-MB-231, HelLaS3, A549 and KB cell lines, as well as the highest
inhibition of TNF-a, IL-1B, IL-6 and IFN-y production. The roots showed
antiproliferative and inhibitory effects of cytokines. Seeds are the main source for
the development of antitumor and anti-inflammatory drugs [24].

Plantago ovata (psyllium) is widely used in the food industry and medical
practice. Metamucil and Mucilin are psyllium products that support blood glucose
levels, lower cholesterol levels, and have a laxative effect [43, 46, 55]. In
traditional Chinese medicine, psyllium is used for disorders of vital energy, pain,
diuresis, and rheumatism, and in Brazilian medicine for wound healing [54]. In
Indian medicine, plantain leaves and seeds are used as an anti-inflammatory and
antibacterial agent [43].

Among plantain polysaccharides, pectins predominate, their molecular
weight is usually lower than in seeds. Polysaccharides are usually resistant to
digestion in the gastrointestinal tract and can reach the colon [53]. Thanks to this,

they contribute to digestion and the work of the gastrointestinal tract, have
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prebiotic potential and an adaptive effect on the condition of the pancreas, regulate
metabolic processes in many systems and organs [27, 58]. When consumed,
plantain polysaccharides are used by the intestinal microbiota, which contributes to
the selective stimulation of the growth and activity of the intestinal microbiota [26,
27, 47]. A study of polysaccharides from the leaves of P. major showed that they
are powerful immunomodulators [15].

Preparations of polysaccharides from species of the genus Plantago L. are
known as expectorants, wound-healing, emollients, pain relievers and laxatives
[16, 50].

Psyllium is used as a folk remedy for diarrhea, as psyllium husk can increase
the amount of normal stool and decrease the amount of loose stool in patients with
diarrhea [16, 58].

The drug "Mukofalk (orange)" granules (Dr. Falk Pharma Gmbh., Germany)
is used for chronic constipation; irritable bowel syndrome.

The preparations "Plantaglucid”, "Plant juice™ are used for hypoacid
gastritis, peptic ulcer disease of the stomach and duodenum.

Preparations "Cough plantain syrup” by Dr. Theiss (Naturwaren, Germany),
"Herbion Plantain Syrup” (KRKA, Slovenia), "Bronchial" (Dr. Muller Pharma,
Czech Republic), "Plantain Syrup Dr. Tysa" (Germany), "Pectoral” (Mepha Ltd.,
Switzerland, "Tusavit" (Montavit GmbH, Austria, "Evkabal cough syrup"
(Esparma, Germany) are used in the treatment of cough in infectious and
inflammatory diseases of the upper respiratory tract (laryngitis, pharyngitis,
tracheitis, bronchitis).

Infusion of leaves of Plantago lanceolate, Plantago medium is used as an
antiseptic, anti-inflammatory, analgesic, wound-healing, expectorant. Galenic
preparations, extracts from raw plantains have hemostatic, bactericidal, wound-
healing, anti-inflammatory, hypolipidemic, analgesic, expectorant, secretory,
diuretic properties [43].
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It is known that plantain leaves have a hemostatic effect and are used to stop
bleeding of various etiologies, namely external, hemorrhoidal, uterine, intestinal,
gastric, nasal, pulmonary, and varicose ulcers. This effect is associated with the
content of vitamin K1, C and flavonoids, which belong to the derivatives of benzo-
v-pyrone (phenylchroman) [2, 3, 9]. These BARs affect capillary walls and reduce
their permeability. Thanks to vitamin K1, herbal preparations are used to reduce
the cholesterol content in the blood plasma.

A decoction of plantain leaves or grass is prescribed for bronchitis,
whooping cough and other diseases of the respiratory organs, accompanied by the
release of thick secretions, with reduced stomach acidity, acute gastrointestinal
diseases, namely gastritis, enteritis, enterocolitis. Decoction of leaves is used for
stomatitis and gingivitis [30, 69].

An infusion of Plantago media leaves is drunk as a "blood purifier" for
urticaria, heartburn, flatulence, and inflammation of the bladder [9, 53].

Plantago major leaf extract exhibits immunomodulating, hypoglycemic and
antiviral effects, and the liquid extract has hepatoprotective and anti-inflammatory
effects [16].

Antimicrobial activity of extracts from raw materials of Plantago major,
Plantago lanceolata against strains of Staphylococcus aureus, Pseudomonas
aeruginosa and Bacillus sp has been proven [3].

Herbal preparations from plantain are used as anti-inflammatory, wound-
healing agents in the treatment of acute pancreatitis, cystitis, pyelonephritis, skin
diseases, as bactericidal - in infectious processes of the stomach, intestines,
kidneys, bladder [15, 53, 57].

Plantain extract containing aucubin reveals a neuroprotective mechanism of
hypoglycemic action in a rat model of diabetic encephalopathy.

Scientists associate the antioxidant, anti-inflammatory, and cytotoxic effects

of Plantago altissima and Plantago lanceolata phytopreparations with the
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accumulation of hydroxycinnamic acids and (chlorogenic, neochlorogenic) and
flavonoids (apigenin, luteolin, luteolin-7-O-glucoside) [9].

Experimental studies have shown that the use of psyllium extract on the
background of a high-fat diet leads to a significant decrease in body mass index,
weightretroperitoneal and parauterine adipose tissue, smalldecrease in blood
glucose concentration, prevents the development of oxidative stress [61].

Experimental studies have shown that the aqueous extract of the collection,
consisting of Mentha spicata and Plantago major, has an anxiolytic and hypnogenic
effect [48, 50].

Extracts of Plantago asiatica L. have a pronounced nephroprotective effect,
prevent the development of nephrotic syndrome [51].

Therefore, species of the genus Plantago L. have a diverse composition of
biologically active substances, the wide distribution of wild species, breeding and
cultivation of varieties of plantain determines the prospects of their

pharmacognostic study.
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CHAPTER 2
STUDY OF GROUPS OF BIOLOGICALLY ACTIVE SUBSTANCES
IN RAW MATERIALS OF THE PLANTAGO MAJOR PURPLE VARIETY

2.1 Research objects, reagents and devices

1. The objects of the study are the grass Plantago major Purple variety. The
raw materials were harvested at the experimental site of the botanical garden
named after Hryshka (Kyiv, 2021) [5]. Preparation and drying of raw materials,
obtaining extracts (water, water-alcohol), and pharmacognostic analysis were
carried out in accordance with the requirements of SPhU and SPh XI [5, 6, 7, 8].
To carry out the experiment, the raw material was crushed to 3-5 mm (shredder
brand CO 124A).

2. Water and water-alcohol extracts were obtained for preliminary chemical
analysis of raw materials. Aqueous extracts were obtained from 10.0 g of air-dry
raw material, 100 ml of purified water was added, and heated on a boiling water
heater in a reflux flask for 1 hour. The extraction was carried out three times with
new volumes of purified water. The obtained extracts were combined, filtered,
evaporated under vacuum to the volume (1:1). Amino acids, polysaccharides,
flavonoids, hydroxycinnamic acids, tannins, organic acids, ascorbic acid were
found in aqueous extracts. Alcoholic extracts were prepared as described above
using 40% and 70% ethanol. Chloroform (1:1) was added to the combined alcohol
extracts to remove lipophilic compounds. The supernatant was heated on a water
heater until traces of chloroform were removed. It was cooled, filtered, washed
with ethyl acetate. The combined fractions of the ethyl acetate extract and the
aqueous residue were separately evaporated under vacuum and used for the
identification of flavonoids and hydroxycinnamic acids [34].

3. To identify individual substances, TLC methods were used on "Silufol"

plates and PC using "Filtrak" paper (FN-3). During the experiment, we used 3
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solvents, reagents that met all SPhU requirements [38, 47]. Chromatography was
performed in an upward stream of solvents with one- or two-fold acceleration at T
=25°C.

To perform TLC analysis, solvent systems were used, which were prepared
in the ratio of components:

- N° 1 n-butanol — pyridine — purified water (6:4:3) for determination of
carbohydrates;

- N°. 2 ethyl acetate — acetic acid — formic acid — purified water (100:11:11:25) to
determine organic acids;

- N° 3 acetic acid 15% for the determination of flavonoids, ascorbic acid,
hydroxycinnamic acids;

- N°. 4 5 n-butanol — acetic acid — purified water (4:1:5); for the determination of
flavonoids, hydroxycinnamic acids [47].

Substances were detected on chromatograms in visible light, by color or by
fluorescence in UV light before and after treatment with appropriate reagents (3%
solution of iron(l11) chloride; 10% alcoholic solution of sodium hydroxide; 0.04%
aqueous solution of sodium 2.6 -dichlorophenolindophenolate, ammonium
hydroxide vapors).

4. UV absorption spectra were taken on a SF-46 spectrophotometer in a
cuvette with a layer thickness of 10 mm at the appropriate wavelengths [30].

5. The qualitative composition of polysaccharides was studied after acid
hydrolysis using qualitative reactions [11, 38, 47].

To obtain water-soluble polysaccharides, 5 g (exactly weighed) of crushed
raw materials were placed in a flask with a capacity of 250 ml with a ground
stopper, and 100 ml of purified water was added. The flask was connected to a
reflux condenser, boiled for 30 min, cooled, and filtered. 96% ethanol (three times
the volume) was added to 5 ml of the extract.

Observation: loose white flakes were formed, which fell into the sediment.

The precipitate was filtered, put into a test tube, 5 ml of diluted hydrochloric acid
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was added, hydrolyzed by boiling for 1 hour. The hydrolyzate was cooled, 10 ml of
Fehling's reagent was added, and boiled for 5 min.

The result of the reaction is the formation of a brown sediment (the presence
of monosaccharides).

Identification of sugars was carried out by the method of paper
chromatography in system N° 1 and N° 4,

Standard samples of glucose, fructose, galactose, rhamnose, arabinose,
glucuronic and galacturonic acids were used for identification. Chromatograms
were treated with aniline phthalate reagent and heated in an oven at T=100-105 °C
for 5 minutes.

The quantitative content of the sum of water-soluble polysaccharides and
pectin substances was determined by the gravimetric method according to the
method described in the monograph "Big-leaved plantain™ SPhU [6-8].

6. Identification and determination of ascorbic acid content. Ascorbic acid
was detected by TLC methods on Sorbfil plates in system No. 2 and PC in system
No. 3, followed by treatment with a 0.04% aqueous solution of sodium 2,6-
dichlorophenolindophenolate. The content of ascorbic acid was determined by the
volumetric titration method [38, 47].

Organic acids. Organic acids were determined in aqueous extracts using PC
in system No. 2 compared to authentic samples. Chromatograms were treated with
a reagent of 0.03% solution of bromocresol green methanol [38, 47]. Quantitative
determination of the amount of organic acids was carried out according to the
SPhU method in terms of malic acid.

8. Amino acids. For the study of amino acids, aqueous extracts were used,
the developer was a 0.2% alcoholic solution of ninhydrin, followed by heating in a
water bath for 5 min at T=70-80 °C [38, 47]. When the extracts were cooled, a
blue color was observed, which confirms the presence of amino acids.

For chromatography, PC, solvent system No. 5 was used, after processing

the chromatogram was heated to T=105 °C for 3 min. Detection of substances on



24

chromatograms was carried out by the color of the spots and the value of Rf. The

gas chromatography method was used to determine the amino acid composition

and content of components. Chromatography conditions are selected [38, 47].

9. Phenolic compounds.

qualitative test-tube reactions (Table 2.1.)

Phenolic compounds were detected using

Table 2.1

Results of detection of compounds of phenolic nature in the herb

Plantago major Purple variety

Group of BAS

Conditions of the experiment

Result

1

2

3

Phenolic compounds

Add to 1 ml of aqueous extract. 5
ml of ammonia solution and 2 ml
of 10%

molybdenum

sodium  phosphate-
solution in

hydrochloric acid.

Dark blue color

Flavonoids are

flavone derivatives

Cyanidine reaction.

Add to 1 ml of extract. 2 drops
of concentrated hydrochloric
acid and 0.05 g of magnesium

metal powder.

Red color

Flavonoid glycosides

and aglycones

Cyanidine reaction according to
Briant.

After carrying out the cyanidin
reaction, 0.5 ml of n-octanol was
added to the colored solution and

shaken.

The color of the lower
layer IS crimson
(flavonoid glycosides),
the color of the upper
layer IS pink

(aglycones)

Hydroxycinnamic
acids

Reaction with a 3% solution of
iron(111) chloride with a 50%
alcohol extract (1:5)

Green-gray color
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Contin. of Table 2.1

1 2 3

Flavonoids Reaction with 10% alkali | Yellow precipitate
solutions. Add 2 drops of 10% | (flavones,  chalcones,
water-alcohol solution of | aurones)

potassium hydroxide to 1 ml of
alcohol extract.

Tanning substances | 3 drops of 1% iron(lI1l) chloride | Green color
pyrocatechin solution were added to 0.5 ml of
derivatives the agueous extract.

Condensed tannins 2 drops of a 1% iron-ammonium | Black-green precipitate
alum solution were added to 2.0
ml of the aqueous extract.

Identification of hydroxycinnamic acids was carried out by the PC method in
solvent systems No. 3 and 4. Detection of substances on chromatograms was
carried out by fluorescence in UV light before and after treatment with ammonia
vapors and diazo reagent, as well as by comparative values of Rf with standard
samples.

Identification of flavonoids was carried out by the PC method in systems
No. 3 and 4. Chromatograms were studied in UV light before and after treatment
with ammonia vapors, 2% KOH (alcohol solution), AICI3 solution. The Rf value
results are the average values of five determinations [38, 47].

To obtain UV absorption spectra, a complexing reagent - aluminum chloride
was used. UV absorption spectra for the determination of flavonoids were recorded
on SF-46 in the range from 200 to 700 nm. The content of the sum of
hydroxycinnamic acids was determined by the SF method in the region of 325 nm,
the content was calculated in terms of chlorogenic acid [38, 47, 8].

Sample preparation for the quantitative determination of flavonoids,
hydroxycinnamic acids in raw materials was carried out according to the
standardized methods of SPhU [6-8].
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Spectrophotometric determination of anthocyanins was carried out according
to the method of SPhU 2.0 monograph "Blueberry fruits dried" in terms of
cyanidin-3-O-glucoside chloride [7, 8].

The quantitative content of the sum of polyphenolic substances in raw
materials was determined by the SF method [12].

10. Mineral composition of raw materials. Determination of the qualitative
composition and quantitative content of minerals in raw materials was carried out on
the DSF-8 device using the method of atomic emission spectrometry. The content of
heavy metals was determined according to SPhU methods [1dV].

11. Macro- and microscopic analysis of raw materials was carried out
according to the SPhU 2.8.23 method [7, 14]. Morphological studies of raw
materials were carried out using a magnifying glass and a BM binocular
microscope. The anatomical structure of the epidermis of leaves and flowers was
studied on preparations from the surface, stems - on transverse and longitudinal
sections. Canon digital camera, MBI-6 and Biolam (LOMO) microscopes for
working in direct and reflected light were used to record the results of the
experiment. The photos were partly processed using the Adobe Photoshop CS2 9.0
program.

12. Pharmacognostic studies were carried out using the analysis methods of
SPhU 2.8 "Methods of pharmacognosy" and SPh XI edition [5, 6-8]. The used

methods of pharmacognostic research are presented in Table 2.2.

Table 2.2
Methods of pharmacognostic research of raw materials
Pharmacognostic research Methods Sources of
literature
1 2 3

Raw material sampling and | SPhU monograph 2.8.20 "Medicinal | 12
sample preparation plant raw materials: sampling and

sample preparation”
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Continuation of Table 2.2

Determination of the dry|SPhU monograph 2.8.16 | 12,13
residue of the extract "Determination of the dry residue of

extracts"

Determination of the content | SPhU 2.8.2 "Foreign impurities in | 12,13

of foreign impurities in raw | medicinal plant raw materials".

materials

Determination of total ash in | SPhU 2.4.16 "Common ash" 12,13
accordance with the

requirements of the

monograph

The content of extractive | SPh XI edition 6,12

substances in accordance with
the requirements of the

monograph

13. The results were processed using the method of mathematical statistics

in accordance with the requirements of the SPhU monograph [7].

2.2 Monosaccharide composition of polysaccharides

As seen from the literature review (Chapter 1) Plantain has been used in
medicine for thousands of years for diabetes, obesity, constipation, diarrhea, which
is due to a complex of biologically active substances, including polysaccharides.
The function and mechanism of psyllium polysaccharides have been investigated
and gradually elucidated.

Preliminary studies of raw material samples with Fehling's reagent
confirmed the presence of polysaccharides in the large purple plantain grass.
Identification of monosaccharides was carried out after hydrolysis of
polysaccharides by the PC method (Chapter 2).
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The results are presented in fig. 2.1.

Puc. 2.1 Scheme of the chromatogram of monosaccharides after hydrolysis of
polysaccharides grass Plantago major Purple variety

1 — extract, 2 — glucose, 3 — galactose, 4 — fructose, 5 — arabinose, 6 —
rhamnose, 7 — mixture of galacturonic and glucuronic acids

According to the results of chromatography were detected glucose
(Rf=0.39), fructose (Rf=0.51), galactose (Rf=0.44), rhamnose (Rf=0.59), arabinose
(Rf=0.50), glucuronic (Rf=0.22) and galacturonic acid (Rf=0.15).

2.3 Identification of amino acids

Amino acids are found in all parts of the body and play several roles in the
human body [1, 40]. They take part in the synthesis of proteins and precursors in
the formation of secondary molecules of metabolism [42].

The therapeutic use of amino acids is important for official medicine. The
most well-known areas of therapeutic application of amino acids are the treatment

of brain metabolism and neurotransmission imbalances, immune system disorders,



29

cardiovascular and gastrointestinal health [40], treatment of liver diseases, fatigue,
skeletal muscle damage, cancer prevention, burns, injuries and sepsis, urinary
diseases and diabetes.

According to the results of the test tube reaction, grass Plantago major
Purple variety contains free amino acids. Using paper chromatography, amino
acids were detected in aqueous extracts (Fig. 2.3).

8 free amino acids were identified, of which 4 were replaceable and 5 were

essential.
D <D valine Rf=0,59
) ) proline Rf=0,31
S o alanine Rf=0,25
PN <@ treonine Rf=0,20
o =Y arginine Rf=0,18
- L glycine Rf=0,17
- - serine Rf=0,15
= - lysine Rf=0,05
J CcO

Fig. 2.2 Scheme of the chromatogram of free amino acids grass Plantago major

Purple variety
2.4 Qualitative analysis of ascorbic acid and organic acids
Organic acids are promising chemicals because they are building blocks for

the production of other valuable products used in the chemical, food, and

pharmaceutical industries [28]. L-ascorbic acid (vitamin C) plays an important role
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in the vital activity of the human body. Due to the presence in the L-ascorbic acid
molecule of the enediol group C (OH) = C (OH), it has strongly pronounced
reducing properties; participates in the regulation of redox processes, carbohydrate
metabolism, blood clotting, tissue regeneration, the formation of steroid hormones.
Plant organic acids are active metabolites, are involved in the synthesis amino
acids, detoxification of heavy metals in plants. Ascorbic acid, lemon, apple are
important for normal functioning of the human body, take part in metabolic
processes, regulate the activity of the digestive system, have bactericidal,
antioxidant action, help to reduce the inflammatory response, accelerate tissue
regeneration, activate cellular respiration, protein synthesis [45].

The qualitative composition of ascorbic acid and organic acids was
determined by the paper chromatography method [5, 7, 13]. Chromatograms were
set in the system ethyl acetate — acetic acid — formic acid — purified water
(100:11:11:25), treated with  the reagent 0.04% sodium  2,6-
dichlorophenolindophenolate. A white spot on a pink background was observed

(Rf=0.68), which confirms the presence of these substances (Fig. 2.4).

O O Malic acid

O O Citric acid

O O Ascorbic acid

O O Tartaric acid
G SS

Fig. 2.4 Scheme of the chromatogram of organic acids:

G - is grass, SS - is a standard sample
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Organic acids in the water extracts of the plantain grass of the large variety
Purple were detected by Rf and the color of the spots in yellow color after
processing the chromatograms with a 0.03% solution of bromocresol green
methanol (Fig. 2.4).

As a result of the experiment, malic (Rf=0.63), citric (Rf=0.47) and tartaric

(Rf=0.38) acids were identified in the raw material.

2.5. Qualitative composition of phenolic compounds

In recent years, many studies in the field of plant physiology and
biochemistry are associated with the diversity and biological action of phenolic
compounds - substances of secondary metabolism formed in plants [46].

According to the literature, phenolic compounds of species of the genus
Plantago L. show anti-inflammatory, antispasmodic, hemostatic, antioxidant,
hypoazotemic, hypoglycemic, antimicrobial, diuretic, antisclerotic,
hepatoprotective, P-vitamin effects [9, 12, 33 49, 56]. Flavonoids also include
anthocyanins, which are water-soluble pigments that color fruits, leaves, petals in a
variety of shades from pink to violet [32]. Anthocyanins are found as glycosides in
vacuoles. It is confirmed that anthocyanins are stress metabolites whose
biosynthesis is activated during effects on plants of unfavorable environmental
factors that anthocyanins can serve as markers of the level of plant adaptation to
stressful conditions. The antioxidant effect of phenolic compounds on plant and
animal organisms is especially widely studied.

According to the results of test-tube reactions, the presence of compounds of
phenolic nature in plantain grass of the large variety Purple was confirmed (Table
2.1). The next stage was the study of the qualitative composition of
hydroxycinnamic acids, flavonoids using PC in systems 3 and 4 and TLC in
system 5 (Table 2.3).
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Table 2.3
Results of chromatographic analysis of phenolic substances in extracts

from plantain grass of the large variety Purple

Ne Substance R Coloration in UV
zone Literary PC analysis | light after treatment
sources with ammonia vapors
Hydroxycinnamic acids
1 | Ferulic acid 0,88 0,86 Emerald blue
2 | Neochlorogenic 0,62 0,61 Emerald blue
acid
3 | Chlorogenic acid 0,63 0,63 Emerald blue
Flavonoids
4 | Kaempferol 0,77 0,76 Yellow
5 | Quercetin 0,73 0,71 Yellow
6 | Hyperoside 0,66 0,65 Dark yellow
7 | Routine 0,50 0,51 Dark yellow
8 | Luteolin 0,43 0,42 Dark yellow

Analysis of chromatograms showed that the extracts of the grass contain
ferulic, chlorogenic and neochlorogenic acids, which had a bright blue glow in UV
light, and when treated with ammonia vapors, the spots acquired an emerald-violet
color. Flavonoids are represented by aglycones (kaempferol, quercetin) and
glycosides (rutin, luteolin, hyperoside).

Conclusions to chapter 2

1. Based on the results of the preliminary analysis of the large purple plantain
grass, polysaccharides, amino acids, organic acids and compounds of phenolic
nature were found.

2. Polysaccharides of the purple plantain grass are represented by glucose,
fructose, galactose, rhamnose, arabinose, glucuronic and galacturonic acids. Of the
free amino acids, valine, proline, alanine, threonine, arginine, glycine, serine and

lysine were found.
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3. Malic, tartaric, citric and ascorbic acids have been identified as organic acids.
4. Phenolic compounds are represented by chlorogenic, neochlorogenic, ferulic

acids, quercetin, kaempfeol, rutin, hyperoside, luteolin.
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CHAPTER 3
STUDY OF THE QUANTITATIVE CONTENT OF THE MAIN
BIOLOGICALLY ACTIVE SUBSTANCES IN THE RAW MATERIALS OF
THE PLANTAGO MAJOR PURPLE VARIETY

3.1 Study of polysaccharides

The analysis of literary scientific sources showed that polysaccharides and
pectins are responsible for a number of pharmacological activities of species of the
genus Plantago (Chapter 1). Fractions of polysaccharides and pectin substances
from grass Plantago major Purple variety were obtained by well-known methods
and their indicators of complexes were determined, namely total ash, total protein
content, loss in mass during drying [7, 8, 9, 11, 16, 25, 38, 47]. The results are
given in the table. 3.1.

Table 3.1

Indicators of polysaccharide fractions from the herb Plantago major Purple

variety (m=5, X£AX)

Herb
Indexes : :
Polysaccharides Pectin substances
The content of the fraction ! 10,88 + 0,49 6,76+0,46
Loss in mass during drying 2 6,08+0,44 7,45+0,53
Total protein 2 8,79+0,41 -
Total ash 2 5,31+0,58 5,17+0,37

Notes: 1 — based on absolutely dry raw materials,
2 — based on the completely dry residue

The content of the polysaccharide fraction was 10,88%, and pectin content

was 6,76%, which is 1.6 times less. The protein content in the grass was 6,08%.
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The content of total ash in the polysaccharide and pectin fractions was almost the
same and amounted to 5,31% and 5,17%, respectively. This variety of plantain is
promising for further study from the point of view of the content of

polysaccharides and pectin substances.

3.2 Study of amino acids by gas-liquid chromatography

Preliminary analysis of grass Plantago major Purple variety revealed free
amino acids (Chapter 2). The qualitative composition and quantitative content of
amino acids after hydrolysis of the grass extract was determined by gas-liquid
chromatography. The results are shown in Table 3.2.

Table 3.2

Amino acid composition of the herb Plantago major Purple variety

Ne Amino acid name Contents *, %
1 2 3
Essential amino acids
1 Valine 0,96
2 Leucine 0,59
3 Isoleucine 0,58
4 Threonine 0,46
5 Methionine 0,17
6 Lysine 0,46
7 Phenylalanine 0,54
8 Arginine 0,98
Substitute amino acids
9 Alanine 1,05
10 Glycine 0,84
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Contin. of Table 3.2

11 Serine 0,56
12 Tyrosine 0,17
13 Histidine 0,19
14 Aspartic acid 0,65
15 Glutamic acid 1,18
16 Th_e sum of essential amino 4.74
acids
17 The sum of substituted amino
) 4.64
acids
18 The total amount of amino
) 9,38
acids

Note. * — in terms of completely dry raw materials

The content of the sum of substitutable and non-substitutable acids was
almost the same in the hydrolysates of plantain grass extracts. The total content of
amino acids was 9.38%. Of the essential acids, arginine 0.98% and valine 0.96%
accumulated in larger quantities. Phenylalanine, leucine and isoleucine
accumulated in almost the same amount. Of the substitute acids, alanine 1.05%,

glutamic acid 1.18% and glycine 0.84% accumulated in larger quantities.

3.3 Quantitative determination of the amount of organic acids

According to previous studies (Chapter 2), the herb Plantago major Purple
variety contains malic, citric, tartaric and ascorbic acids as organic acids.

Analysis of the literature showed that organic acids accumulate in the raw
materials of all plants and exhibit antimicrobial, anti-inflammatory, antipyretic and
other effects [28]. Ascorbic acid takes part in metabolic processes, which is
associated with antioxidant activity, which is enhanced in combination with
flavonoid substances [9]. Therefore, at the next stage, the content of ascorbic acid

and the amount of organic acids in the herb Plantago major Purple variety was
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determined. Quantitative content of ascorbic acid and amounts of free organic
acids were determined by chemical titration. The results are given in the table. 3.3.
Table 3.3
Quantitative content of ascorbic acid and the amount of free organic acids in

the herb Plantago major Purple variety

Quantitative content, y %0

( x£A X), %, n=6

Ascorbic acid Amounts of free organic acids
0,34 + 0,07 0,56 + 0,04

The analysis of experimental data showed that the content of the sum of

organic acids was 1.65 times higher in the grass than ascorbic acid.

3.4 Determination of the quantitative content of a number of phenolic compounds

groups

Phenolic substances (PCs) are found in various plant organs and perform
appropriate functions [35, 46]. They contribute to the coloring of flowers, leaves
and fruits, attract pollinators and seed dispersers. They perform a protective
function against the action of ultraviolet radiation, eating by herbivores and
disease-causing organisms. PCs in plants play an important role in growth control
and have antioxidant, structural, attractant, signaling and protective functions [4, 9,
32,491].

According to preliminary data, hydroxycinnamic acids, flavonoids and
tannins were found in the herb Plantago major Purple variety. The red color of the
leaves indicates that the cytoplasm of the cells contains anthocyanins.

Therefore, we determined the amount of hydroxycinnamic acids by
spectrophotometry in terms of chlorogenic acid (wavelength 325 nm), the amount

of flavonoids in terms of rutin (wavelength 410 nm), the amount of anthocyanins
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in terms of cyanidin-3-O-glucoside chloride (wavelength 528 nm), and
polyphenolic substances in terms of gallic acid (wavelength 270 nm) [38, 47, 6-8].
The results of the study are presented in table. 3.4.
Table 3.4

The results of determining the quantitative content of the main groups
of biologically active substances

Content, y %*
A group of biologically active
substances

The amount of hydroxycinnamic 3,05+0,05
acids

The amount of flavonoids 0,87 £ 0,03
The amount of anthocyanins 1,32+0,05
The amount of polyphenolic 2,02+ 0,03
substances

Note. n =5, «*» — in conversion to absolutely dry raw materials
The amount of hydroxycinnamic acids was 3,05 %, the amount of flavonoids
was 0,87 %, sum of anthocyanins was 1,32 %, the amount of polyphenolic
substances was 2,02 %.
Therefore, the raw material of Plantago major Purple variety is promising

for the development of complexes of biologically active substances.

3.5 Mineral composition of grass

Minerals are a mandatory component of dew raw materials. They are
important in the biochemical processes of plants. They are important in mineral
nutrition and plant growth and development. The root system of plants absorbs
minerals in the form of ions from the soil, which are Ca, K, Na, Zn , Mn and Fe.
Minerals are included in the composition of phytopreparations and affect their

pharmacological activity [61]. But it can also be toxic minerals, such as arsenic and



39

copper, cobalt, strontium and mercury. Therefore, modern pharmacy has
requirements for the content of heavy metals in raw materials.

Therefore, as part of the pharmacognostic analysis, the content of macro-
and microelements in the herb Plantago major Purple variety was investigated. The

data of the experiment are given in table 3.5.

Table 3.5
Study of the mineral composition of raw materials
Chemical element Quantitative content (mr/r)
Macroelements
Mg 9,21
Ca 11,56
P 2,43
Si 10,17
K 14,20
Na 9,85
Microelements
Al 1,04
Mn 1,46
Fe 1,27
Cu 0,09
Sr 0,001
Zn 1,08

Note. Hg, As, Cd, Co, Pb, Ni, M0<0,03

Analysis of mineral glass herb Plantago major Purple variety revealed 19
elements. Of the macroelements, K, Ca, and Si accumulated in significant amounts
(14.20, 11.56, and 10.17 mg/g, respectively). Of the trace elements, Fe, Mn, Al,
and Zn were accumulated in significant amounts (1,27, 1,46, 1,04, and 1,08 mg/g,
respectively). The content of heavy metals met the requirements of the SFU for the

quality of raw materials.
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Conclusions to chapter 3

1. The content of Polysaccharides and Pectins in the herb Plantago major
Purple variety was 10.8% and 6.76%, respectively. For both complexes, the loss
In mass during drying, the content of total protein, and the content of total ash
were determined.

2.  The component composition of 15 amino acids and their content, as well as

the total content of amino acids (9.38%), the content of the sum of substituted (464

%) and essential (4,74 %) amino acids, was determined by the method of gas

chromatography.

3. The content of organic acids and vitamin C in the herb Plantago major

Purple variety was (0,34 % 1 0,56 % in accordance).

4. Phenolic compounds accumulated in the herb Plantago major Purple variety

in the following ratios: sum of oxycinnamic acids (3.05%), sum of flavonoids

(0.87%), sum of anthocyanins (1.32%) and sum of polyphenols (2.02%).

5. The mineral composition of the raw material is represented by 19 minerals,

the content of heavy metals in the raw material met the requirements of the SPhU.
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CHAPTER 4
STUDY OF MORPHOLOGICAL AND ANATOMICAL CHARACTERS
AND NUMERICAL QUALITY INDICATORS OF RAW MATERIALS OF
THE PLANTAGO MAJOR PURPLE VARIETY

4.1 Morphological characteristics of raw materials

The raw material of Plantago major Purple variety is an herb harvested in the

summer during the flowering phase (Fig. 4.1).

Fig. 4.1 Morphological features of Plantago major Purple variety herb.

1 — spring basal rosette of leaves, 2 — summer rosette of leaves, 3 — rosette of

leaves with flowering shoots, 4 — flowering shoots.
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The grass is represented by large leaves with long strong petioles. The leaf
blade is wide-oval, the edge is solid, the veins protrude from the lower side. The
venation is arcuate. Leaves in the phase of rosette formation (Fig. 4.1.1) are
grayish-green with a brownish tint, in the phase of flowering - burgundy. The leaf
blade is 25 to 35 cm long and 8 to 15 cm wide. The flowering stem is unbranched,
leafless, erect, up to 25-35 cm long. The spike inflorescence is located at the top,
the flowers are small, whitish-brown, sessile or on a short peduncle, bisexual,
corolla actinomorphic tubular, calyx 4-parted, stamens 4, they are attached to the
tube of the corolla. The gynoecium is coenocarpous with a two-lobed receptacle,
the ovary is in the upper position. The fruit is a small box with small brown seeds.

Dried raw materials of Plantago major Purple variety are represented by
whole or cut fragments of leaves, stems, and flowers. Veins are clearly visible on
the surface of the leaf plate. Petioles are rough, fibrous. The raw material may

contain fruits - fruitcases with small shiny seeds.

4.2 Anatomical characteristics of raw materials

Considerable attention is paid to the study of the anatomical structure of
species of the genus Plantago. Species have general anatomical features and
individual ones [44].

We studied the anatomical features of the leaves of Plantago major Purple
variety herb harvested in summer. The upper epidermis of the leaf consists of
parenchymal, large, sinuous-walled, thin-walled cells (Fig. 4.2.1). Stomata are
frequent, large, oval, randomly arranged. There are four white proboscis cells, they
do not differ from epidermal cells. The type of stomatal apparatus is anomocytic.
Stomata with 2 near stomatal cells closing perpendicularly are rare. The type of
stomatal apparatus is diacytic. The cuticle layer is thin, folded type. The epidermis
on the lower side of the leaf consists of parenchyma cells of various sizes, with

weakly wavy or even membranes, which have weak thickenings of secondary cell
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membranes and are pierced by straight pores (Fig. 4.2.2). On the surface of the
epidermis there are trichomes with rosettes of cells at the base. Rosettes consist of 5-
7 radially arranged large cells. The epidermis above the veins (Fig. 4.3.3) is formed
by long, straight-walled cells with slightly thickened membranes. There are also rare

trichomes along the veins (Fig. 4.3).

Fig. 4.2 Microscopic signs of Plantago major Purple variety herb.

1 — upper epidermis, 2 — lower epidermis, 3 — epidermis above the vein.

There are two types of trichomes - covering and glandular (Fig. 4.3). Hairs are
simple, 1-3-celled, cone-shaped, thick-walled, with an expanded rounded
thickened basal cell (Fig. 4.3. 1, 2), long multicellular hairs are rarely found along
the veins, with a 5-11-celled radial rosette around a dome-shaped basal cell (Fig.
4.3.4, a, c, 4.3.5). Glandular hairs have a one-cell elongated stalk and a two-cell
oval head with a dark secretion (Fig. 4.3.3).

The petiole of the leaf (Fig. 4.4) in the basal part is semi-lunar in shape, with wing-
shaped outgrowths strongly protruding upwards with thin tops. The adaxial side of
the leaf is strongly concave, while the abaxial side is strongly convex, slightly

wavy in outline under the fascicles. Under the epidermis there are several layers of
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angularly and lacunose collenchyma. The bundles are small, the main one in the

central part of the petiole and three on the sides. The parenchyma is homogeneous.

1

Fig. 4.3Trichomes Plantago major Purple variety herb.

1 — 2-cell covering hair, 2 — 3-cell covering hair, 3 — glandular hair, 4 — long

multicellular hair: a — base, b — body, 5 — rosette.

Fig 4.4 Petiole Plantago major Purple variety herb

Thus, the conducted morphological and anatomical studies of Plantago
major Purple variety herb made it possible to identify the diagnostic signs of the
leaves, which can be used in the future in the identification of the variety, the

development of documentation for the standardization of raw materials.
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4.3 Determination of numerical indicators of the quality of raw materials and

the content of extractive substances

Determination of the quality of the raw material Plantago major Purple
variety herb was carried out according to the following indicators: extraneous
impurities, loss in mass during drying, total ash in accordance with the
requirements of the SPhU methods 2.8.2. [7, 8]. The content of extractive
substances was also investigated, depending on the type of extractant that was
used. The methods are described in Chapter 2. The results are presented in the
table. 4.1.

Table 4.1
Quiality indicators of raw materials of Plantago major Purple variety herb

and content of extractive substances in extracts

Indexes Content in grass, in %
Brown particles 2,68
Organic impurities 0,07
Mineral impurities 0,02
Loss in mass during drying 9,03
Total ash 3,47
Water-extractable substances 37,37
Substances extracted with 40% ethanol 35,36

According to the results of the experiment, the content of browned particles
was 2.68%, organic impurities - 0.07%, mineral impurities - 0.02%. The mass loss
during drying was 9.03%, and the total ash content was 3.47%.

In the comparative analysis of the content of extractive substances in the
extracts from the raw materials of Plantago major Purple variety herb using two
solvents, it was found that 37.37% is extracted with water, and slightly less -
35.36% with 40% ethanol.



46

4.4 Sieve analysis

To conduct a sieve analysis of the leaves of Plantago major Purple variety
herb, the methodology of the SPhU monograph 2.9.12 "Sieve analysis" was used.
The raw material was crushed into particles of different sizes, sifted through a 355

sieve [7, 8]. The results of the experiment are given in table 4.2.

Table 4.2
Sieve analysis of Plantago major Purple variety herb
Type of raw m, g small fraction my, g large faction
material
Grass 9,74 3,54

According to the results of the experiment, it was proved that the degree of
grinding of plantain grass met the requirements of SPhU.

Conclusions to chapter 4

1. For the first time, the morphological and anatomical characteristics of the
leaves of Plantago major Purple variety herb were highlighted.

The leaves are large with long strong petioles; the leaf blade — wide-oval, grayish-
green with a brownish tint, in the phase of flowering — burgundy, the edge is solid,
the veins protrude from the lower side; the venation is arcuate. The flowering stem
is spike inflorescence unbranched, leafless, erect, the flowers — small, whitish-
brown, sessile or on a short peduncle, bisexual, corolla actinomorphic tubular; the
fruit is a small box with small brown seeds.

The upper epidermis of the leaf consists of parenchymal, large, sinuous-walled,
thin-walled cells and lower ones - parenchyma cells of various sizes, with weakly
wavy or even membranes, which have weak thickenings of secondary cell
membranes and are pierced by straight pores. The types of stomatal apparatus are
anomocytic and diacytic. There are two types of trichomes - covering and

glandular. covering hairs are simple, 1-3-celled, cone-shaped, thick-walled, with
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an expanded rounded thickened basal cell, long multicellular hairs are rarely found
along the veins, with a 5-11-celled radial rosette around a dome-shaped basal cell.
Glandular hairs have a one-cell elongated stalk and a two-cell oval head with a
dark secretion. The petiole in the basal part is semi-lunar in shape, with wing-
shaped outgrowths strongly protruding upwards with thin tops. The adaxial side of
the leaf is strongly concave, while the abaxial side is strongly convex. Under the
epidermis there are several layers of angularly and lacunose collenchyma. The
bundles are small, the main one in the central part of the petiole and three on the
sides.

2. The indicators of the quality of raw materials (browned particles, organic
impurities, mineral impurities) were determined, a sieve analysis of small and large
fractions was carried out, and the content of extractive substances in the herb
Plantago major Purple variety herb was determined, depending on the type of

solvent.
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GENERAL CONCLUSIONS
1. An analysis of literary sources on the study of the systematics of the genus
Plantago, the issues of breeding varieties based on plantain, the chemical
composition of raw plantains, and their use in folk and official medicine was
carried out.
2. Complexes of polysaccharides and pectin substances were obtained from
the herb Plantago major Purple variety herb in the flowering phase, their
content, component composition and numerical quality indicators were
determined. The composition of polysaccharides is represented by glucose,
fructose, galactose, rhamnose, arabinose, glucuronic and galacturonic acid. The
content of Polysaccharides and Pectins in the herb Plantago major Purple variety
was 10.8% and 6.76%, respectively. For both complexes, the loss in mass during
drying, the content of total protein, and the content of total ash were determined.
3. For the first time, the qualitative composition and quantitative content of
15 amino acids in the herb Plantago major Purple variety herb was studied by
gas chromatography. Among organic acids, malic, citric, tartaric and ascorbic
acids were identified. The amount of organic acids and ascorbic acid in the
grass was determined (0,34 % 1 0,56 % in accordance).
4, Hydroxycinnamic acids, namely chlorogenic, neochlorogenic, ferulic,
flavonoids (quercetin, kaempfeol, rutin, hyperoside, luteolin) were identified for
the first time in the raw materials of Plantago major Purple variety herb.
Quantitative content of the amount of flavonoids in the herb was (0,87%), the
amount of hydroxycinnamic acids (3,05%), the amount of anthocyanins (1,32%),
the amount of polyphenols (2,02%).
5. The mineral composition of raw materials and the content of heavy metals
were studied for the first time.
6.  For the first time, an analysis of the macro- and microscopic features of the

leaves of Plantago major Purple variety herb was carried out, the indicators of the
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quality of raw materials and the content of extractive substances were determined

when using water and 40% ethanol.
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5 |Determination of indicators of quality of raw February 2023 done
materials. Formation of section 4.

6 [Registration of work and preparation for defense. March-April 2023 done

An applicant of higher education
Supervisor of qualification work

Adam KOURITII
Tetiana GONTOVA




BHUTSII 3 HAKA3Y N: 35
ITo Hauionansuomy papmauesTnanomy yHiBepeurery
i1 06 moToro 2023 poxy

@D A2.8-47-110

HIKYCHABE/ICHUM CTyACHTaM 5-r0 Kypcy 2022-2023 HaBYanbHOro poky, HaBuaHHA 3a
OCBITHIM CTYNCHEM «MaricTpy, ranyss 3Hanb 22 OXOpOHA 310pOB°s, cnedianbHocTi 226 —
(hapmauis, npomucnosa dapmaitis, ocBiTHS nporpama — (apmauis, nexna dopma 3206yTTA OCBiTH
(repmin HaByauus 4 pokm 10 Micsui Ta 3 poxu 10 Micsuis), siki HaBuarOTbCH 3a KOHTPAKTOM,

3aTBEP/IHTH TeMU KBanidikauifuux pobir:

| Mpisemme | Tema keanidikauiiinoi poGoru

[Mocana. Peuensent
CTYAEHTA npisBuuie Ta | KBaNidikamiHHoT
‘ iHiianm poGotu
| KepiBHHMKa
* no kadeapi papmakornosii
Kypirii | dapmakornocTHuse | Pharmacognostic npodecop | npod.
Anam BHBYECHHS study of the ['onToBa T.M. Ilepexoaa JI.O.
10I0POKHHUKA Plantago major
BEJIUKOIO Purple variety.
copry ITypnypHuii. l
[Miacrasa: nojsanus KR, CKTOpa
‘O'aluly,,”'
a2 5,

Pektop 53
3

3
. o
Bipno. Cexper 3%‘



O A28-47-110
BHCHOBOK

Komicil 3 akagemiunoi 100poyecHocTi npo NpoBeieHy eKcnepTusy
o0 aKaJeMivHoro mariaty y keanipikauiiiniii podori
3100yBava BHULOT OCBiTH

Ne 112906 Big« 2 » tpasua 2023 p.

[lpoananizyBaBiid BHOYCKHY KBamiikaliiiHy poDoTy 3a MaricTepcbKHM piBHEM
3nobysada  Bumoi  ocBiTH  JenHoi  dopmu  HaBuanns  Kypitii  Ajawm,
5 Kkypey, rpynu, creuiansiocri 226 ®apmanis, npoMuciosa gapmaris, Ha
TeMy: «(DapMaKOrHOCTHYHE BHBUCHHS NOJOPOXKHHKA BelHKoro copry Ilypnypumii /
Pharmacognostic study of the Plantago major Purple variety», Komicia 3 akagemiuHoi
noGpodecHocTi Aifiila BHCHOBKY, mio poborta, npefctaBieHa go Exsamenauiiinoi
KOMicii [/ 3aXMCTY, BHKOHAHA CaMOCTIHHO 1 He MICTHTBH €JIEMEHTIB akaJeMI4HOTO

miariaty (KoMninamii).

I'onosa Komicii,
npodecop ﬁ)"/ Inna BJIAJIMMHPOBA

4%
33%
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of scientific supervisor for the qualification work of the master’s level of higher education

of the specialty 226 Pharmacy, industrial pharmacy
Adam KOURITII

on the topic: «Pharmacognostic study of the Plantago major Purple variety»

Relevance of the topic. It is worth noting that promising raw materials for the creation of
pharmaceutical preparations are medicinal plants. In the pharmaceutical industry, the expansion
of the range of modern effective and safe medicines based on plant extracts can be achieved by
introducing cultivated raw materials into new original medicines. The potential possibilities of
phytotherapy are significant, as plants have inherent therapeutic properties, namely anti-
inflammatory,  analgesic,  diaphoretic, diuretic,  choleretic, reparative,  soothing,
immunostimulating, hemostatic, antiviral, bactericidal and others. The use of plantain for the
treatment of various diseases is widely known. Preparations based on the leaves of wild species
of the genus Plantago are used in medicine as anti-inflammatory, hypnotic, analgesic, anti-
allergic agents. Plantain is an integral part of various breast fees. The plant is very popular in
modern folk medicine. Traditional healers recommend an infusion of plantain leaves for
diarrhea, hay fever, inflammatory processes in the bladder, hemorrhoids, fever. Ointment with
the addition of dried plantain powder is effective for pustular lesions of the skin.

The author set a goal to conduct a pharmacognostic study of a cultivated variety of plantain
major, namely Plantain Purple. This is an urgent task and in the future will make it possible to
expand the raw material base for the production of phytopreparations based on psyllium.
Practical value of conclusions, recommendations and their validity. For the first time, a
comprehensive pharmacognostic study of the Plantain major Purple variety, which is cultivated
in Ukraine, was carried out. Plantago major Purple variety contains polysaccharides,
phenolcarboxylic and hydroxycinnamic acids, flavonoids, anthocyanins, amino acids, organic
acids, tannins.

For the first time, the content of the sum of hydroxycinnamic acids, the sum of flavonoids and
the sum of anthocyanins in the raw materials of the variety Plantain major Purple was
determined. The mineral composition of the herb Plantago major Purple variety was determined.

In the Plantago major Purple variety, the qualitative composition and quantitative content
of essential and non-essential amino acids were determined.

Complexes of polysaccharides and pectins were obtained from the herb of a Plantain
major Purple variety in the flowering phase, their content, component composition and
quantitative indicators of quality were determined. For both complexes, the weight loss during
drying, of total ash were determined.

For the first time, an analysis of the macro- and microscopic features of the leaves of
Plantago major Purple variety herb was carried out, the indicators of the quality of raw materials
and the content of extractive substances were determined when using water and 40% ethanol.

For the first time, Plantago major Purple variety raw materials were determined by loss in
mass on drying, and total ash. According to the yield of extractive substances, the best extractant



for the Plantago major Purple variety was selected.

Assessment of work. The qualification work was carried out at the Department of
Pharmacognosy of the NUPh. Adam KOURITII learned and put into practice the basic methods
of pharmacognostic analysis of medicinal raw materials, proved to be a competent, responsible
and hardworking researcher, gained experience in independent work with scientific literature, in
a scientific laboratory.

General conclusion and recommendations on admission to defend. The obtained results of
the research in terms of relevance, scientific and practical significance meet the requirements for
qualifying works, therefore the presented qualifying work of Adam KOURITII can be
recommended for public defense in the examination committee of NUPh.

Scientific supervisor Tetiana GONTOVA

«7™» of April 2023
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for qualification work of the master's level of higher education, specialty 226 Pharmacy,
industrial pharmacy

Adam KOURITII
on the topic: «Pharmacognostic study of the Plantago major Purple variety»

Relevance of the topic. Along with synthetic drugs, a significant place in therapy is occupied by
herbal medicines, which have a wide range of pharmacological actions, have low toxicity, mild
action, are able to quickly eliminate exacerbation symptoms, and do not have negative side
effects with prolonged use. Most often in the complex therapy of diseases of the respiratory
system, phytopreparations are used as expectorant, anti-inflammatory, immunostimulating,
antimicrobial agents. One of the ways to increase phytopreparations is to expand the spectrum of
action of pharmacopoeial medicinal plants and study the possibility of using closely related
species in scientific medicine. From this point of view, plants of the plantain genus are of great
interest. To solve the problem of the quality of raw materials, the conservation of wild species in
nature, it is relevant to study varieties and cultivated species.

In this aspect, the attention of Adam KOURITII was attracted by Plantago major Purple variety,
widely distributed in Europe and used as an expectorant, mucolytic, and anti-inflammatory,
agent.

Theoretical level of work. Adam KOURITII conducted a literature search on the topic at a
sufficient theoretical level. The content of the work is fully consistent with the goals and
objectives set by the applicant for higher education.

Author's suggestions on the research topic. The author conducted a pharmacognostic study of
the herb Plantago major Purple variety. The literature on the study of the systematics of the
genus Plantago, the issues of breeding varieties based on plantain, the chemical composition of
raw plantains, their use in folk and official medicine was analyzed. Complexes of
polysaccharides and pectins were obtained from the herb of a large variety of plantain purple in
the flowering phase, their content, component composition and quantitative indicators of quality
were determined. The content of polysaccharides and pectins in the grass of the purple plantain
variety was 10.8% and 6.76%, respectively. For both complexes, the weight loss during drying,
the content of total protein and the content of total ash were determined. For the first time, the
qualitative composition and quantitative content of 15 amino acids in the herb Plantago major
Purple variety herb was studied by gas chromatography. Among organic acids, malic, citric,
tartaric and ascorbic acids were identified. The amount of organic acids and ascorbic acid in the
grass was determined (0,34 % i 0,56 % in accordance). Hydroxycinnamic acids, flavonoids were
identified for the first time in the raw materials of Plantago major Purple variety herb.
Quantitative content of the amount of flavonoids in the herb was (0,87%), the amount of
hydroxycinnamic acids (3,05%), the amount of anthocyanins (1,32%), the amount of
polyphenols (2,02%). The mineral composition of raw materials and the content of heavy metals
were studied for the first time. For the first time, an analysis of the macro- and microscopic
features of the leaves of Plantago major Purple variety herb was carried out, the indicators of the
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quality of raw materials and the content of extractive substances were determined when using
water and 40% ethanol.

Practical value of conclusions, recommendations and their validity. The work is completed
in full and includes tables with statistical data of the experiment, drawings and photos. The
research results can be used in the identification and standardization of the Plantago major
Purple variety raw materials. The scientific provisions and conclusions given in the work have an
evidence-based experimental base.

Disadvantages of work. In the work there are unsuccessful expressions and grammatical
mistake.

General conclusion and assessment of the work. Qualification work Adam KOURITII on the
topic «Pharmacognostic study of the Plantago major Purple variety» according to the results of
research and the volume of the experiment performed, it can be presented for defense at the
Examination Commission of the National University of Pharmacy.

Reviewer prof. Lina PEREKHODA
«10™» of April 2023




MIHICTEPCTBO OXOPOHH 310POB’sl YKPATHHU
HAIIIOHAJIbHUI ®APMALIEBTUYHUIA YHIBEPCUTET

BUTAI 3 IPOTOKOJY Ne 13

3acinanns kadeapu papmakorsosii

«19» kBiTHa 2023 poky
M. XapkiB
3acizanns kageapu

hapmaxornosii

I'onoBa: 3aBigyBau xadenpu, kaua. GpapM. Hayk, goueHT Mana O. C.
Cexperap: kau. gpapM. Hayk, ac. Komicapernko M. A.

Mpucyrtni: mon. Mama O. C., npod. Komosuii O. M., mpod. T'omroBa T. M.,
npod. Kpusopyuko O. B., mpod. KosamsoBa A.M., mou. bopoaina H. B., mou. Iememxo O. B.,
nou. Mammranep B. B., nor. Oukyp O. B., ac. 'onuapos O. B., ac. Komicapenko M. A.

IOPAJIOK JEHHUM:

1. IIpencraBnenHs kBamidikauiiHux poOiT a0 3axucty B Ex3amenaniiinii komicii HDayV.

1. CHYXAJIU: TIlIpo mpexacraBieHHs g0 3axucty B Ex3amenamiinii komicii H®daVy
KBaJi(ikaliitHoi poOoTH 3700yBauky BUIIOI OCBITU BUIYCKHOTO Kypcy (Pm18(5,101)- anrn 03
rp.) Anmama KVYPITII wHa temy «®apmakorHocTuuHe BuBYeHHs Plantago major copty
[TypnypHuing.

HaykoBuii kepiBuuk: npod. Tatessna TOHTOBA.

Penensent: 3aBinyBauka kadeapu MeauuHol Ximii, A.¢apm.H., mpodecop Jlina [IEPEXO/IA.

B o6roBopenni kBamidikaiiitHoi poboTu Opanu ydacTs: 3aB. kad. nor. Mana O.C., mpod.
Komosuii O.M., nou. bopoaina H.B., non. lememxo O.B., nor. Oukyp O.B., ac. ['onuyapos O.B.

1. YXBAJIMJIN: PexomennyBatu kBatiikamiiHy poOoTy 3100yBauKy BULIOT OCBITH (haKyJIbTETY
3 MiJATOTOBKK iHO3eMHUX TpoMajisiH rpymu (Pm18(5,101)- anrn 03 rp.) Anama KYPITII Ha Temy
«®PapmakorHoctuyHe BuBYeHHA Plantago major copry IlypmypHuit» 1o 3axucty B
Ex3ameHnaiiiniii Komicii.

I'osioBa
3aBigyBauka kaeapu Oabra MAJIA

Cexperap Muxona KOMICAPEHKO




@D A2.2.1-32-042
HAIIIOHAJIbHUH ®APMAIIEBTUYHWIA YHIBEPCUTET

IMOJAHHSA
I'OJIOBI EK3AMEHAI_[II/IHOiUK01Y[ICIi
IIO10 3AXHUCTY KBAJII®IKAIIMHOI POBOTH

Hampasnsierbest 3mo0yBau Bumoi ocBitu Agam KYPITII no 3axucrty kBamidikamiifHoi podoTH
3a rajy331o 3HaHb 22 OX0opoHa 3/10pOB’s

crnerianbHicTIO 226 Dapmartis, IpoMHUCIIoBa dapmMaltis

OCBITHBOIO ITporpamoro Papmarris

Ha Temy: «PapmakornoctuyHe BuBYeHHs Plantago major copry IlypmypHuii».
Kamidikarifina po6oTa i pereHsis 101at0ThCsl.

Jexan dakynbrery / Citnana KAJJAMUEBA /

BucHoBok kepiBHUKA kBaJidikaniiinoi poooTu

3n06yBau Bumioi ocBitin Anam KYPITII B mporieci BukoHaHHs KBamidikanidHoi poOOTH OCBOIB 1
BUKOPHCTaB Ha TMPAKTHII Pi3HI MeToau (HapMaKOrHOCTUYHOTO aHaNi3y JIOCHiKyBaHOI
CHUPOBHHHU.

OTtpumani pe3ynbTaTH AOCIIHKEHb 32 aKTyalbHICTIO, HAYKOBUM Ta MPAKTHYHUM 3HAYCHHSIM
BIJIMOBIAAIOTh BUMOTaM, SIKI BHCYBalOThCS 10 KBadidikamiiiHUX poOIiT, TOMY IMpeacTaBlieHa
pobora Moke OyTH pEeKOMEHJ0BaHa J0 MyOJiyHOTO 3axucty y Ek3aMmeHariiiHy KOMicCito
HauionaneHoro ¢apmanesruuHoro yHiBepcutery. Agam KVYPITII nonmyckaetbest 10 3axucty
naHoi kBamidikaniiiHoi podotu y Ex3amenaniiiniii komicii HarionansHOro apmarneBTHYHOTO
YHIBEpPCHUTETY.

KepiBHuk kBanidikaniinoi po6otu Tersna TOHTOBA

«7» xBiTHA 2023 poky

BucHoBok kadgenpu npo kpajiidikaniiiny podory

Kaanidikaniitny po6oty posrisinyto. 3n00yBau Bumioi ocBitn Anam KYPITII nomyckaersest 1o
3axXHUCTy JaHoi KBadidikamiitnoi podotu B Ex3amenaniiiniit koMicii.

3aBimyBauka kadeapu papMakoraosii

Oxsra MAJIA

«19» kBiTHs 2023 poky



Qualification work was defended
of Examination commission on
« ___»ofJune 2023

With the grade

Head of the State Examination commission,
DPharmSc, Professor

/ Oleh SHPYCHAK /




