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The monograph is dedicated to the 125™ anniversary of
the National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

INTRODUCTION

Humanity has long used the medicinal potential of plants. Phytopreparations
are widely used both in traditional and evidence-based medicine. Medicinal plants
are the basis for the development of medicines that are used to treat diseases of all
organs and systems. The rapid development of medical chemistry and organic
synthesis in the second half of the 20" century somewhat overshadowed the
successes of pharmacognosy and phytopharmacology. However, herbal medicines
continued to prove their safety and effectiveness. It is worth mentioning the winner
of the Nobel Prize in Physiology and Medicine in 2015, Tu Youyou, for the
development of drugs based on artemisinin, which is isolated from the
Artemisia annua and is used to treat malaria. With the rapid development of
pharmaceutical chemistry at the turn of the 21 century, the issues of standardization
of herbal preparations, which are currently being successfully solved by researchers,
became relevant. A permanent trend is a complex approach to the
pharmacotherapeutic design of herbal medicines, which involves the combination of
several medicinal plants or the inclusion of individual chemical substances
(synthetic or natural origin) in the composition of the finished dosage forms. It’s
obvious that such an approach complicates the task of proving the safety and
effectiveness of such medicines, but opens new perspectives in the treatment of
current human diseases.

This monograph is a summary of the work of the author's team on
substantiating and proving the safety and effectiveness of various
phytocompositions, which are medicinal products (fixed combinations) or medical
devices. Our efforts were focused on solving the following problems: the use of
herbal preparations for the treatment of gynecological diseases with endocrine

genesis, disorders of the hepatobiliary system, and cardiovascular diseases.
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Particular attention is paid to the development of herbal antiviral drugs, the safety
and effectiveness of restveratrol preparations, as well as medical devices containing
phytoextracts.

With a focus on evidence-based medicine, the monograph encompasses a
wide range of herbal medicine topics. It investigates the utilization of medicinal
plants in endocrine gynecology, shedding light on the pharmacotherapeutic
substantiation of their use in this specialized area. Additionally, it explores the safety
aspects of combining ursodeoxycholic acid, taurine, and artichoke extract in diseases
of the hepatobiliary system, providing valuable information for clinicians and
researchers in this field.

The monograph also addresses the efficacy profile of a homeopathic
combination for the prevention and treatment of influenza and acute respiratory viral
diseases. By analyzing the current safety data of complex herbal medicines with
sedative and cardioprotective actions, it offers valuable insights into the potential
benefits and risks associated with these treatments.

Moreover, the monograph investigates a perspective fixed combination for the
treatment of hepatobiliary system diseases, substantiating their pharmacotherapeutic
properties and assessing their pharmaceutical quality profile. It also explores the
current state of antiviral herbal preparations development, examining the potential
applications of plant-based compounds in combating viral infections.

The assessment of plant extracts based medical devices in the form of rectal
use suppositories is another important aspect covered in this monograph. By
providing a biological assessment of these innovative medical devices, it contributes
to the understanding of their effectiveness and potential applications.

Furthermore, the monograph dives into the pharmacological substantiation of
new drug elaboration based on resveratrol, a natural compound with diverse
therapeutic properties. It explores the possible mechanisms of resveratrol's influence
on the reproductive system in ovariectomized rats, shedding light on its potential

applications in this area.



Lastly, the monograph investigates the differences in NO/SH-mechanisms of
neuron damage in experimental VCD-hypoestrogenemia under the impact of
resveratrol. By exploring these mechanisms, it enhances our understanding of
resveratrol's potential neuroprotective effects and its implications for neuronal
health.

Overall, the chapters of this monograph contribute to our understanding of the
efficiency and safety issues surrounding modern multi-component herbal medicines.
The comprehensive analysis presented within this work serves as a valuable resource
for researchers, healthcare professionals, and individuals interested in the
intersection of herbal medicine, pharmacotherapy, and patient care.

The authors believe this monograph will be helpful for specialists in
pharmacology, pharmacy, pharmacognosy, biopharmacy, and other healthcare
fields. Readers of this monograph will gain valuable insights into the therapeutic
potential, safety considerations, and future directions of multi-component herbal
medicines, ultimately contributing to the advancement of evidence-based healthcare

practices and the well-being of individuals.

The authors extend sincere appreciation to Dmitry Kozak for invaluable
assistance in English translation and to Elena Striga for sharing the findings of her
dissertation research, which greatly contributed to the preparation of this

monograph.



CHAPTER 1.
PHARMACOTHERAPEUTIC SUBSTANTIATION OF THE MEDICAL
PLANTS USE IN ENDOCRINE GINECOLOGY

Gynaecological diseases are female reproductive system diseases manifested
with different signs and symptoms. Gynaecological problems in women are quite
common. Moreover, the number of women with complaints of genital diseases
increases significantly every year. This is due to the variety of factors both internal
and external environment of the female body.

All gynaecological diseases are divided into 3 groups, taking into account the
causes provoking a particular disease. The diseases associated with infection in
women belong to the first group; the second group includes the endocrine system
pathology and hormonal disorders of the female organism; the third group comprises
diseases accompanied by the hyperplastic or dystrophic changes and neoplastic
processes.

Gynaecological diseases caused by various hormonal or endocrine shifts
manifest by symptoms of menstrual irregularities. In addition, dysfunctional uterine
bleeding may occur as a result of hormonal abnormalities, leading to secondary
infertility in women, which requires treatment [1].

The neurometabolic endocrine syndrome is a polyetiological complex
syndrome characterised by a disbalance of the hypothalamic-pituitary regulatory
mechanisms, followed by metabolic, menstrual and fertility disorders. About a third
of all patients with this syndrome are those with menstrual and reproductive
dysfunctions associated with excessive weight.

The neurometabolic endocrine syndrome pathogenesis is based on the
hypothalamus dysfunction with subsequent pathological regulation of the pituitary,
adrenal glands and ovaries influenced by the above-mentioned factors [2].

A violation of regulatory mechanisms occurs in the hypothalamus due to the
pathology of the tropic releasing hormones of the pituitary gland and

neurotransmitters, associated with their impaired synthesis or degradation, and also



with an alteration in the receptor apparatus of the hypothalamic structures, i.e. the
number of receptors and/or their sensitivity to the regulatory agents.

The hormonal profile in the syndrome shows increased levels of
adrenocorticotropic hormone, luteinizing hormone, prolactin, cortisol, testosterone,
insulin, and 11-oxycorticosteroids; a slight decrease in oestradiol concentration with
a significant decrease in progesterone levels; and fluctuating levels of 17-
ketosteroids, follicle stimulating hormone and somatotropic hormone excretion, all
within the age normal range. The metabolic changes are accompanied by abnormal
carbohydrate and lipid metabolism, hyperglycaemia or reduced glucose tolerance;
hypercholesterolaemia, hypertriglyceridaemia, dislipoproteidaemia with increased
low and very low-density lipoproteins and an increased atherogenic index [3-4].

Gynaecological diseases include neoplastic processes, not necessarily
malignant, cystic masses in the ovaries, uterine myomas, structural changes in the
cervix like pseudoerosion, erosion and ulcerative changes are possible.

Medicinal plants are a traditional raw material for drug manufacturing.
Nowadays one third of drugs are derived from herbal raw materials. High efficiency
of phytotherapy, confirmed by the centuries-old experience, determines the wide use
of medications based on plant-derived raw materials in clinical practice.
Phytopreparations are attractive to many clinicians because of a minimum number
of side effects during their administration and no interactions with other
medications [5-6].

A phytopreparation is a finished medical product with a trade name,
containing as its active ingredient a plant, parts of plant material or their
combinations in raw condition or processed form. It should be particularly
emphasised that phytotherapy is of the utmost interest because of its near-total
absence of adverse reactions and the potential for its use in different age groups.
Clinical experience and literature data prove that adverse reactions to herbal
medicinal products are five times less frequent than to other pharmacological agents;

in addition, herbal medicinal products have significantly fewer contraindications,



therefore they can be used for longer periods of time and therapeutic effect is
achieved more slowly [5-6].

The medicinal plants can be indispensable in the treatment of many
gynaecological diseases. Various plants are used to treat dysmenorrhoea, uterine
bleeding, and climax. The medicinal plants most abundantly used in gynaecology
are calendula flowers; seeds, roots and leaves of parsley; flowers and leaves of chaste
tree (Vitex agnus-castus), flowers and leaves of meadowsweet (Filipendula

ulmaria); herbs and flowers of yellow bedstraw (Galium verum), etc. [5—6].

1.1. General characteristics of frequently used plant substances in
gynaecology

Calendula (Calendula officinalis 1.) 1s an annual plant in the family
Asteraceae.

The medicinal properties of calendula have been used for millennia in
traditional and conventional medicine. The raw materials are anthodia and flower
ligules, administered in the form of infusions and tinctures.

The anthodia contain B-carotene; lycopene, violaxanthin and rubixanthin;
neolycopene A; citraxanthin; flavochrome; flavoxanthin, and chrysanthemaxanthin.
The total amount of these carotenoids in the marginal flowers is about 3 %.
Moreover, the anthodia contain ascorbic acid, essential oil (about 0.02 %), resins
(about 3.44 %), mucilage (up to 4 %), including nitrogenous mucilage (up to 1.5 %),
albumins (0.64 %), acids — malic (6.84 %), pentadecyl and traces of salicylic acids;
and minor amounts of alkaloids [7-9].

Calendula preparations have anti-inflammatory, bactericidal, hypotensive,
sedative, and cardiotonic action. Bactericidal properties of calendula are significant
against a number of pathogens, especially staphylococci and streptococci. The
pharmacological activity of calendula tincture, juice and powder continues to be
investigated [10]. Calendula preparations are widely used in in traditional and

conventional medicine.
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Clinically, it has been defined that its infusion, juice, powder and extract
reduce intoxication, eliminate dyspepsia (belching, nausea, vomiting, pressure sense
in the epigastric area), and improve sleep and appetite.

Calendula preparations in the form of ointment or emulsion are used mainly
as an anti-inflammatory agent to treat minor wounds, cuts, bruises, gangrene, burns,
frostbites, furunculosis, sycosis, and impetiginous eczema.

In gynaecological practice, these preparations are administered for the
treatment of cervical erosions, trichomonal colpitis in the form of vaginal douche
with solution of calendula tincture. Infusion and tincture of the plant is successfully
used in amenorrhoea and oligomenorrhoea as the menstrual cycle regulators. In
enemas, calendula is prescribed in the treatment of proctitis and paraproctitis.
Calendula is widely used in the oral cavity and throat diseases, gingivitis,
periodontitis, and thrush in children. Calendula tincture is often used to treat
tonsillitis as a gargle, either alone or in combination with sulfanilamides and
antimicrobial agents [11].

In periodontitis, calendula is used by oral irrigation before and after dental
deposit removal in order to put turundae abundantly wetted in the concentrated
solution of calendula tincture into the pathological gingival pockets. At home,
instead of toothbrushing in periodontitis, it is advisable to rinse the mouth using 2 %
solution of calendula tincture. Patients are also recommended to take vitamins and
general tonic agents. As a result of the treatment carried out the inflammatory
symptoms in catarrhal gingivitis are suppressed in patients and gingival discharge
stops with subsequent healing of the lesional tissues. The treatment outcomes using
calendula preparations were persistent.

Calendula tincture is also used in blepharitis. In patients with severe persistent
recurrent squamous blepharitis there was a significant improvement after the very
first procedures, and there was a complete clinical recovery at the end of treatment
(about 20 applications) in the overwhelming majority of patients. The therapeutic
value of calendula preparations is definitely related to the topical protective effect

on the damaged tissues.
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As a general tonic agent, calendula is used for dystrophic processes in the
mucous membranes of the digestive tract. The plant is quite effective for a variety
of gastrointestinal diseases, such as gastritis, colitis, enterocolitis, and cholangitis.
There is some evidence that it has the ability to increase appetite. Calendula is
commonly used for inflammatory liver diseases (jaundice, hepatitis) and spleen
diseases. Infusion, tincture and decoction of calendula flowers act as diuretic and
diaphoretic in the bladder diseases (calculus and sand formation), scrofula, rickets,
nervous fever, dizziness, bronchitis, gastritis, gastric and duodenal ulcer. Calendula
preparations are also used to treat heart diseases accompanied with palpitations,
shortbreathing, and oedema. By strengthening the cardiac function, it helps to reduce
swelling. This is also facilitated by the diuretic and diaphoretic properties, which are
typical for the plant. Calendula tincture was clinically well tolerated by patients. Due
to its low toxicity, the maximum dosage has not been established [7-9].

Common toadflax (Linaria vulgaris Mill.) is a perennial plant in the figwort
family.

It contains the alkaloid peganin, flavonoid glycosides, linarin, which splits
into acacetin and rutinose; neolinarin, which forms pectolinarigenin and rutinose
after splitting; and pectolinarin. The herb contains phytosterol, N-tricantane and
small amounts of ascorbic acid. The alkaloid peganin makes a significant
contribution to the pharmacological action of common toadflax [12—13].

The toxicological and pharmacological properties of alkaloid peganin
contained in the common toadflax have been studied comprehensively [10]. The
alkaloid peganin has been found to cause general agitation and increase motion
activity in animals.

Apart from alkaloid peganin, common toadflax contains flavonoids. The sum
of toadflax flavonoids is low-toxic and has a considerable therapeutic window.
Toadflax tincture has been found to increase blood pressure, simultaneously increase
pulse wave and have a pronounced inotropic effect that occurred 3—5 minutes after

1ts administration. Toadflax tincture also stimulates smooth muscles and increases

12



urinary excretion by 27-34 %, lasting for up to 2 days after termination of the drug
administration. The latter is due to its stimulating effect on the heart.

Toadflax galenical preparations have long been used in patients with intestinal
atony. The use of toadflax preparations in the clinical settings proved that toadflax
acts as a laxative gently and reliably without any adverse reactions. The effect of
toadflax preparations was also observed in chronic constipation. Toadflax is low-
toxic; no adverse reactions were noted even during its long-term administration.

Clinical trials have been conducted on toadflax since 1958 after peganin was
studied and its valuable pharmacological properties were discovered [14].

The alkaloid peganin was analysed in post-surgery atony, paresis and paralytic
intestinal obstruction (after removal of thrombosed lower extremity veins, spinal
compression fractures). Usually after 2 days there was independent evacuation of
gas and intestinal peristalsis improved. In some cases the effect occurred after 2
hours. The efficacy of peganin in this respect was superior to other similar drugs.
An administration of peganin in patients with muscular dystrophy showed that it
improved the patients' general state, increased muscle strength and range of active
motions in the limb joints; sometimes it was observed the restoration of previously
lost tendon reflexes, improvement of the muscular electroexcitability indices, and in
some cases a decrease in urinary creatinine. The peganin efficacy in myopathies was
manifested by a considerable increase in the amplitude of electrical oscillations
together with subjective sensation of increased muscle strength, restoration of
tendon reflexes that were absent for several years, and increased movement volume.
A higher preparation efficacy was noted after intramuscular injections. By contrast,
peganin did not cause adverse reactions inherent to the galantamine. There were also
no serious cardiovascular complications after pachycardine and glutamic acid
administration. An adverse reaction with the use of peganin was laxative action [ 12—
15].

In traditional medicine, common toadflax is widely used as a diuretic,

laxative, for jaundice, heart disease, and as an anthelmintic agent.
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Thanks to the biological activators contained in common toadflax, its aqueous
infusion and extract relieve aching pain in nephrolithiasis, act as diuretic factors in
uric acid diathesis, especially in phosphaturia. The large amount of organic acids
contained in common toadflax is responsible for the acidic urine in salt diathesis and
inflammatory conditions in the urinary tract. With transition of alkaline urine to
acidic, the excretion of uric acid crystals falls dramatically [16].

A small amount of common toadflax is used for headache with vomiting
(Meniere's syndrome) and nocturnal urinary incontinence. Herb tea made from
common toadflax is popularly drunk in case of liver disease. In combination with
oak bark and water pepper herb, common toadflax preparations are used in
haemorrhoids in the form of an ointment with pork lard. When the ointment is
administered per rectum, there is pain relief and inflammation reduction observed.
For topical use, toadflax infusion is usually applied for washing, compresses for
haemorrhoids, furunculosis, ulcers, and various skin diseases [12—13].

Meadowsweet (Filipendula ulmaria L.) is a perennial herbaceous plant in
the family Rosaceae.

The flowers contain up to 0.2 % essential oil, salicylic acid, colouring agents
and tannins, 4 to 9.7 % flavonoids, higher fatty acids, and wax. Its leaves and shoots
contain up to 11 % protein, 3 % fat, 33 % fibre, up to 6 % ash, and up to 300 mg %
vitamin C. Moreover, some phenolcarboxylic acids and their derivatives (caffeic,
ellagic), 3.6 to 16.8 % of tannins, 9.6 to 10.7 % of flavonoids, catechins were found.
The meadowsweet roots, in addition to the mentioned above components, contain
methyl salicylate essential oil, and due to this can replace the chemical methyl
salicylate. In domestic and Western European traditional medicine, the underground
and aerial plant parts are used. Meadowsweet has antispasmodic and astringent
effects in the gastrointestinal diseases, as well as wound-healing, haemostatic,
diaphoretic, and diuretic activities. Owing to salicylic glycoside, the plant is used in
the treatment of rheumatism, colds, and gout. Decoction from the underground plant
parts and the flowers is treated nervous disorders, hypertension, and coughs. It is

recommended as an antihelminthic and analgesic agent [17-20]. In Tibetan and
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Mongolian traditional medicine, the aerial part is used for the pulmonary and
digestive diseases, as well as a choleretic, hair-strengthening, and cosmetic agent.
Meadowsweet is known as a haemostatic and astringent agent, normally used in the
form of an infusion. The herbal tincture has been established to have antibacterial
properties and can promote faster healing of wounds, ulcers, and burns. The
meadowsweet roots are used to treat rheumatism, upper respiratory tract
inflammation, haemorrhoids, urinary tract inflammation, to wash purulent wounds,
ulcers, and furuncles. Decoction of rhizomes and roots are administered for
leukaemia, diarrhoea, haemorrhoids, rheumatism, digestive disorders and
gynaecological diseases, which are as follows: endometriosis, mastopathy, bleeding,
and post-parturient complications. Topically, this decoction is used to treat ulcers,
wounds, furuncles, and for vaginal douches in leukorrhoea [20].

Yellow bedstraw (Galium verum L.) is a perennial herbaceous plant in the
family Rubiaceae.

The chemical composition of yellow bedstraw has not been studied. It is only
known to contain glycoside asperuloside, ascorbic acid, and pigments. It is known
to have diuretic, anti-inflammatory, analgesic, haemostatic, depurative, wound-
healing, and sedative effects [21-23].

Yellow bedstraw is widely used in traditional medicine. Infusion of its herb
together with flowers is administered for diarrhoea, gastritis, jaundice, inflammatory
kidney and liver diseases, oedema, various nervous diseases such as epilepsy,
hysteria, convulsions in children, and also for skin diseases. In these cases, it is
prescribed to drink fresh yellow bedstraw juice. In dysentery with abdominal
cramps, its herbal powder is administered. Decoction of the yellow bedstraw herb is
also used for baths, washings, lotions and compresses in psoriasis. For scrofula,
abscesses and furuncles, it is used an ointment of herb (the herb and flowers rubbed
with butter). For rapid healing of burns, ulcers and bleeding wounds sprinkle them
with powdered flowers of yellow bedstraw. A pronounced anti-inflammatory effect

was observed in the treatment of acute pyelitis and acute cystitis [23—-24].
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Garden parsley (curly) (Petroselinum sativum L.) is a perennial herbaceous
plant in the family Apiaceae.

Its seeds, a little less often its roots and leaves, are used for medicinal
purposes. The seeds of parsley plant contain essential oil (approximately 2.4-3.2 %),
apiol (18 %), myristicin (10 %), allyltetramethoxybenzene (38 %), flavonoids (1.12—
1.87 %), apiin (approximately 1.4 %), luteolinoapiosidoglycoside, fatty oil
(glycerides of petroselinic and petroselidonic acids), bergaptene, and coumarin.
Apiol and myristicin enhance smooth muscle contraction. Parsley roots contain
essential oil (about 0.05-0.08 %), apiol, myristicin, flavonoid (apiin, grafeobioside
A), inosit, mucilaginous compounds, resins, and sugars. Garden parsley leaves
contain carotene, luteolin, apigenin, and ascorbic acid. Due to the diuretic and
antispasmodic properties peculiar to parsley, its preparations are used popularly as a
strong diuretic and diaphoretic agents in nephrolithiasis, other urogenital diseases,
and cardiogenic oedema. The seeds of the plant are usually used for the treatment of
the urinary diseases. The diuretic properties are determined by the essential oil and
flavonoids. Given that the biologically active substances are much more abundant in
the seeds than in the roots, the effect of seed preparations is much stronger. Parsley
essential oil directly irritates the renal tubules, resulting in increased urine excretion,
dilates blood vessels and reduces blood pressure [25-26]. The diuretic properties of
flavonoids are closely related to their antispasmodic action. For example, apiin
relieves spasm of the isolated rabbit intestinal loop in experiment slightly weaker
than papaverine. Parsley essential oil and seed tincture at high doses affect the
central nervous system function. Excessive doses increase uterine contractility,
cause premature menstruation, and may initiate abortion. Low in essential oil
aqueous extracts do not have such strongly-pronounced properties. In traditional
medicine, decoction of the parsley seeds or roots is used as an agent to stimulate
appetite and enhance digestion. It is drunk in diseases of the kidneys, bladder,
cramps and intestinal spasms, flatulence, and menstrual cycle regulation. The
crushed plant seeds were used in the past against malaria instead of quinine. Fresh

parsley leaves are applied to the affected areas in abscesses, bruises, mosquito bites
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and bee stings to reduce inflammation and pain. Freshly pressed leaf juice is also
used for this purpose. The crushed seeds are rubbed into the scalp in alopecia and
pediculosis. Parsley is used for cosmetic purpose. Decoction of its roots is used to
wash the face against tanning. Strong decoction of its roots mixed with lemon juice
is rubbed morning and evening into freckles and dark spots on the skin. Chewing
parsley leaves interrupts bad breath after eating garlic. Parsley is a non-poisonous
plant and is well tolerated by the human body [27-28].

Celery (Apium graveolens L.) is a biennial herbaceous plant in the family
Apiaceae. Its roots, herb and seeds are used for medicinal purposes in traditional
medicine. The chemical composition of celery has not been studied in details, only
that it is known to contain a large amount of potassium and sodium salts, glycosides,
oxalic acid, purines, essential oil, and a small amount of vitamins C, B1, B2, and PP.
The highest vitamin content is in juvenile leaves (vitamin C and carotene
predominate). Celery is used in traditional medicine as a diuretic, depurative, and
antiallergic agent. Celery has long been noted for its ability to increase general body
tone and enhance physical and intellectual work capacity [29-30].

In traditional medicine in many countries, a celery root and leaf infusion is
used as an antiflatulent for meteorism, diuretic for swelling and laxative for
constipation. Its tinctures are also administered in kidney and bladder diseases, gout,
polyarthritis, and as an antiallergic agent in urticaria fever, lichen, and other skin
diseases. Infusion of the plant seeds is used against flatulence in intestinal atony; it
is particularly effective in dysmenorrhoea and amenorrhoea [26]. Celery is used for
tumours accompanied by inflammation, ligneous phlegmon, and for bruises as a
resolving and analgesic agent. The celery root and leaf infusion is used to wash
purulent wounds and ulcers. Freshly fragmented leaves or an ointment made from
mashed leaves and butter or sunflower oil are also can be applied [31].

Chaste tree (Vitex agnus-castus L.) belongs to the family Verbenaceae.

The medicinal raw materials are leaves, flowers, fruits, branches, less often
bark. The raw material is collected in the usual manner: flowers during the flowering

stage, branches and leaves during the whole plant vegetation, bark in spring or
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autumn, fruits as they ripen. The raw material allows to air dry, fruits dry in dryers
at a temperature no higher than 40 °C. The main groups of biologically active
substances of Vitex agnus-castus include iridoids, flavonoids, diterpenes, progestins,
essential oils, and ketosteroids [32]. In chemical composition, flavone derivatives
predominate: kaempferol, vitexin, quercetagetin and casticin; and apigenin, luteolin,
cinaroside are found slightly less. Flavanones (oryantin, isocampferid) were also
detected. The flavonoids isolated from the raw material of Vitex agnus-castus have
a wide spectrum of pharmacological action: antitumor (apigenin, casticin),
dopaminergic (vitexin), hypoglycaemic (luteolin), antioxidant, anti-inflammatory,
etc. Ferulic, caffeic and chlorogenic acids have been isolated from the Vitex agnus-
castus raw material, which probably determine high anticonvulsant and sedative
activity of chaste tree extracts. One of the main biologically active substances in
plant raw material of Vitex agnus-castus are iridoids. Among the iridoid glycosides
isolated from leaves and fruits of chaste tree, the marker of genus agnusid is of great
importance. A particularity of agnuside isolated from plants of the genus Viftex L. is
its oestrogen-like along with powerful fungicidal activities [32]. Small amounts of
progesterone,  hydroxyprogesterone,  testosterone,  epitestosterone  and
androstenedione are present in the leaves and flowers of Vitex agnus-castus. It is
possible that the above biologically active substances complement the action of
vitexin and agnuside, creating a powerful complex with oestrogen-like systemic
action.

Vitex agnus-castus has been used in medicine for over two thousand years. In
traditional medicine, decoction and tincture of fruits, leaves and bark have long been
treated liver and spleen diseases, infertility, mastopathy, fibroid in women,
impotency in men, malaria. The fruit is used as a spice, a substitute for pepper.
Clinical studies have proved that the Vitex agnus-castus fruit relieves premenstrual
syndrome (in the corpus luteum deficiency syndrome) and menopausal symptoms.
Because of its dopaminergic effect, Vitex agnus-castus is administered for failure to
produce breast milk, swelling and pain in the mammary glands. Side effects with its

use are rare and include rash, headache, and increased menstrual bleeding [33-34].
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The plant extract has progesterone-like effects, promotes the production of
follicle-stimulating hormone and stimulates the release of luteinising hormone.
Vitex agnus-castus contains recombinant dopamine receptors, has dopaminergic
activity, and inhibits prolactin secretion by binding D2-dopaminergic receptors in
the pituitary gland. Its anti-inflammatory, antimicrobial, sedative, bactericidal,
antifungal and analgesic properties have been confirmed. The Vitex agnus-castus
extract reduces prolactin levels, which in turn regulates the levels of sex hormones
and gonadotropins. Prolactin influences a human emotional behaviour. Increased
hormone concentrations can lead to menstrual irregularities and mastopathy. Vitex
agnus-castus (chaste tree) and other medicinal plants are used both independently

and as part of combined drugs [35-36].

1.2. Use of herbal medicinal preparations in endocrine gynaecological
pathology

Based on the analysed literature data, we proposed pharmacotherapeutic
characteristics of the medicinal plant combinations used in endocrine gynaecology
(Table 1.1.).

Many plants have a wide range of therapeutic action, that is, in fact, are
polytropic. This makes it possible to choose and recommend herbal preparations for
treatment most suitable for a particular patient based on the disease nature and the
severity of the concomitant pathological processes.

This is possible both for individual plants and for their combinations. Such an
approach is especially important in rehabilitation, anti-relapsing and preventive
phytotherapy, when there is a need for a combination of specific and non-specific
components. The individualization of treatment, taking into account the
characteristics of a particular organism, living conditions and disease nature, forms
the basis of the phytotherapy adequacy principle.

Tazalok oral drops is a herbal non-hormonal preparation with a complex

action, which due to synergistic effects of the medicinal plants that make up its
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composition and have hormone-regulating, antiproliferative, anti-inflammatory,

sedative and restorative effects.

Table 1.1 — Use of herbal medicinal preparations in endocrine gynaecological

pathology

Composition

Indications

Vitex agni casti fructuum extract
(Vitex agni casti fruit extract)

Used in women in menstrual
irregularities associated with corpus
luteum deficiency syndrome,
premenstrual syndrome, mastodynia
(mastalgia)

Vitex agnus-castus (chaste tree)
Caulophyllum thalictroides (blue
cohosh)

Cyclamen europaeum (alpine viola)
Strychnos ignatia

Iris versicolor (purple iris)

Lilium tigrinum (tiger lily)

Symptomatic agent used for
premenstrual syndrome, menstrual
irregularities, fibrocystic mastopathy
and infertility caused by corpus luteum
deficiency syndrome

Vitex agnus castus (chaste tree)
Zingiber officinale (ginger)
Trigonella foenum-graecum
(fenegriek)

Malus sylvestris L. (European crab
apple)

Administered for women with
menstrual irregularities, fibrocystic
mastopathy, and infertility.

It has analgesic, antitumour, and
immunomodulatory effects.

Filipendula vulgaris Moench
(meadowsweet root)

Petroselini radix (curly parsley root)
Apiumi radix (celery root)

Galii herba (yellow bedstraw herb)
Linariae vulgarae herba (common
toadflax herb)

Vitex agnus-castus herba (chaste tree
herb)

Flores Calendulae (calendula flowers)

Used in menstrual irregularities,
premenstrual syndrome,
algodysmenorrhoea, dysmenorrhoea,
fibrocystic mastopathy, retention
ovarian cysts. In the combined therapy
for endometrial hyperplasia, uterine
fibroids, endometriosis, polycystic
ovarian syndrome.

The pharmacotherapeutic effect of the preparation is ensured by the active
agents in its composition, extracted from the mixture of medicinal substances
(meadowsweet, curly parsley, celery root, yellow bedstraw, Vitex agnus-castus,

calendula flowers).

20



Flavonoids of biologically active substances of the preparation are similar in
structure to endogenous oestrogen, but do not exhibit oestrogen-like activity; they
have the ability to competitively bind to oestrogen (androgen) receptors in excess of
oestrogen (androgen) or such hormone receptors in the target organs, change the
activity of the aromatase enzymes systems, preventing the conversion of androgens
to oestrogens. Thus, the above plant mixture exhibits selective antioestrogenic
activity, leads to rhythmic production and normalisation of the gonadotropic
hormones balance, helps to reduce prolactin levels and increase progesterone levels,
eliminates the imbalance between oestradiol and progesterone, and normalises the
second phase of the menstrual cycle. The formulation demonstrates significant
effects on the glandular tissue and stromal elements of the mammary glands, ovaries,
and uterus. It also displays anti-proliferative and anti-inflammatory properties, and
prevents the development of dysplastic processes in these tissues. In polycystic
ovarian lesions, the medication facilitates to soften the cyst capsule, reduces its
tension through resorptive effect, enhances the function of the intact part of the
ovary, improves active resorption of cystic fluid, and resolves painless, dense
nodules in the mammary glands. This medication has antispasmodic properties,
analgesic and general sedative effects. The biologically active molecules of the
preparation have the ability to induce and enhance apoptosis, block the growth factor
action, and suppress angiogenesis.

Tazalok, oral drops, has been used effectively since 2008, both as
monotherapy and in combination with other drugs [37-38]. The benefits and safety
of its use compared to other medications have been confirmed by many clinical
trials. An open-label trial compared the Tazalok efficacy and tolerance in female
patients aged 18-35 years who had premenstrual syndrome (PMS) [39]. Most
women did not report cyclic breast tenderness after the treatment. After the end of
the study, 37.83 % of the women showed a decrease in palpatory signs through
reduced density, heaviness and tissue tension, as well as a decrease in palpation
tenderness. After 12-week treatment cycle, the general Musa index reduced almost

in half, indicating that the allocated therapy was effective in eliminating PMS
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symptoms. The PMS symptoms severity, characterised by an increase in 5 out of
8 criteria of the Menstrual Distress Questionnaire, was reduced to 4 symptoms, i.e.
to a mild and hardly noticeable level. The trial results indicate the efficacy of the
plant mixture contained in the investigational agent for the treatment of the
symptoms of premenstrual syndrome, especially the components related to fluid
content, which gives grounds to recommend it for the treatment of this pathology.
This trial has demonstrated the preparation efficacy in patients with premenstrual
syndrome. The preparation was well tolerated by the female patients and did not
cause changes in the laboratory blood and urine parameters or serious adverse
reactions.

A clinical trial studied the combination of Tazalok oral drops and
Oxyprogesterone capronate showed its efficacy in the treatment of simple
endometrial hyperplasia as a medication, promoting rapid menstrual cycle recovery
and favourable tolerability that gives grounds to recommend it for clinical use in this
pathology. Most patients rated the tolerability of the preparation as good. No adverse
reactions were observed [40].

Data on the treatment of women with PMS using this medication [41] suggest
its benefit with respect to positive changes in normalisation of hypophyseal and
ovarian hormones (oestradiol and progesterone) after 6-month treatment. A decrease
in serum follicle-stimulating hormone and prolactin is characteristic. At the same
time, there is an increase in luteinizing hormone. A six-month preparation
administration in the complex therapy (vitamins, micronutrients and sedating
medications) of PMS in 88% of women leads to elimination of pathological
symptoms of this pathology and normalisation of gonadotropic and ovarian
hormones.

The experience of treating mastalgia in female patients with dyshormonal
breast disease [42] showed the efficacy of the received complex therapy with this
medication as high in 91.8 % of women suffering from fibrocystic mastopathy with
a severe pain syndrome. Monotherapy was evaluated positively in 79.6 % of female

patients. There were 8.2 % of female patients in the main group and 20.4 % in the
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control group dissatisfied with the result. The dynamics of the general clinical
parameters indicated the absence of general toxic and sensitising effects of the
preparation.

A study of the efficacy of a preparation comprising Vitex agnus-castus on
dysmetabolic disorders in perimenopausal and premature menopausal women
associated with fibrocystic changes in the mammary glands [43] showed a
pronounced positive effect on the correction of metabolic disorders,
psychoemotional state and structural changes of the mammary glands. There was
established a significant reduction in the severity of psycho-emotional signs of
menopausal syndrome, regular menstruation regained in some patients, decrease in
the breast pain frequency and intensity; and women also reported improved sleep
and sense of calmness, comfort, and decrease in body weight. After 3-month
treatment in the mammary glands, according to the ultrasound examination provided
over time, there was a decrease in the glandular tissue density and after 6 months
there was a reduction in the number of cysts and their diameter. All of that allows
the combined therapy to be used as an alternative to the hormone replacement
therapy in the perimenopause and premature menopause.

Current non-hormonal treatment options for polycystic ovarian syndrome in obese
women have shown that the studied preparation administered in the complex therapy
leads to improvement of hormonal background, lipid and carbohydrate metabolism,
normalisation of the menstrual cycle with preservation of the effect after treatment
discontinuation [44—45]. In a study of the preparation effects in the treatment of
women with metabolic syndrome (MS) and polycystic ovarian syndrome, the
development of which is common in those with MS, it has been confirmed that
adding the study preparation to a lifestyle change programme leads to statistically
significant restoration of natural ovulatory cycles in women with MS, and to
restoration of the endometrial histological structure in accordance with the actual
cycle day as well [46-47].

The thyroid function is closely connected with the other endocrine organs. For

example, the ovary responds to thyroid hormones. The thyroid gland influences on
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such processes as the sex hormone synthesis, ovulation and corpus luteum function.
A woman with thyroid dysfunction may experience menstrual irregularities, lack of
ovulation, infertility or miscarriage.

Given the frequent combination of female genital dyshormonal diseases
(uterine fibroids, polycystic ovaries, ovarian cysts, endometriosis, mastopathies,
etc.) with thyroid disorders, it is advisable to prescribe herbal medicinal product with
basic thyroid therapy.

The therapeutic effect of Tazalok oral drops on the thyroid gland is due to the
meadowsweet flavonoids and the yellow bedstraw iridoids, which have a positive
effect on the lymphoid tissue functional state of the thyroid gland, activating its
work. The levels of thyroid hormones, triiodothyronine and thyroxine, have been
normalised while taking the preparation, resulting in elimination of clinical
manifestations, such as irregular menstrual cycle, menorrhagia, mastalgia, and
dysmenorrhoea [48].

The use of a phytopreparation for the correction of luteal-phase defect in
women of reproductive age with hypothyroidism has been studied [49]. The
treatment efficacy using the preparation was noted in 97 % of those studied and only
3% of women with severe anovulation were administered an additional
pharmaceutical treatment. The study demonstrated that the phytopreparation is
effective in improving women's quality of life, and the increase in progesterone
concentration during the therapy allows it to be recommended as an agent with
phytogestagenic activity.

In a study evaluating combined gestagen therapy using the phytopreparation
in the treatment of multiple dyshormonal benign reproductive organ disorders
associated with thyroid pathology, the combined therapy provided a positive clinical
effect in 90 % of cases, in contrast to gestagen monotherapy (76.7 %) [50]. Due to
the versatile therapeutic effects of the phytopreparation, an improvement or
complete recovery of the hormonal regulation mechanisms of the menstrual cycle

and thyroid gland was observed during the therapy period.
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Uterine leiomyoma remains one of the most pressing challenges in modern
gynaecology for now as the most common benign tumour in women. Sex hormones
together with oestrogen and progesterone receptors in the uterus play an important
role in tumour development. It is believed that the main role in the occurrence and
growth of fibroids belongs to the synergistical effect of oestrogen, growth factors
and immunoreactive insulin on the myometrium. At the same time, several trials
indicate an increase in myometrial mitotic activity under the influence of progestins.
The principal direction in the treatment of uterine tumours in gynaecological practice
is to reduce the oestrogenic effect on cellular proliferation, achieved by reducing the
sex hormone synthesis in the ovaries or by blocking oestrogen receptors in the target
organs. A phytopreparation with antioestrogenic and anti-proliferative effects has
been used in the treatment of female patients with uterine leilomyoma who have been
scheduled for myomectomy with preservation of fertility [51]. The study
demonstrated a certain suppressive effect on the uterine proliferation processes and
a stabilising effect on the leiomyocyte apoptosis. The clinical trial data are consistent
with results of the experimental preclinical studies. In the latter, it was proved that
flavonoids, terpenoids and phytosterols contained in the plants (meadowsweet,
common toadflax, parsley, celery), which make up the phytopreparation, are
characterized by antioestrogenic activity. This may explain one of the preparation's
mechanisms of action with regard to normalising oestrogen-progestin balance in
female body [49]. At the same time, this mixture does not fully utilise the potential
of phytotherapy for the neurometabolic endocrine syndrome, which could be
achieved by the addition of Vitex leaves that would broaden the spectrum of
phytotherapeutic effects.

High antiproliferative activity is known for yellow bedstraw, common
toadflax, meadowsweet, parsley, celery, calendula and chaste tree, which aims to
reduce the prolactin levels [14]. It 1s the increased concentration of prolactin that is
the main cause of proliferative processes in the mammary glands, leading to the
neoplasm formation. The decrease in prolactin levels is due to a dopaminergic effect

and contributes to the mammary duct narrowing, proliferative processes reduction
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and formation of the connective-tissue component. The indicated composition and
proportion of the new medicinal plant raw materials will allow the spectrum of
pharmacological and therapeutic action to be extended by complementing and
enhancing each other.

The described phytocomposition with pronounced anti-proliferative function
reduces blood filling and swelling of the mammary glands to a greater extent,
reduces pain syndrome, and reverses changes in the mammary gland tissue.

Due to the harmonious combination of pathogenetic effects and symptomatic
action, medicinal plants, in various combinations, have been used for centuries to
treat menstrual disorders and various gynaecological diseases in women. The time-
tested patterns of using a mixture of medicinal plants, meadowsweet, celery, parsley,
calendula, common toadflax, yellow bedstraw, contributed much empirical
experience to traditional medicine in the treatment of endocrine gynaecological
diseases, which laid the ground for the formation of conventional phytotherapy
schemes with similar compositions of herbal preparations, whose effectiveness

became the subject of research and further development of scientific medicine.
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CHAPTER 2.
SAFETY OF THE COMBINED USE OF URSODEOXYCHOLIC ACID,
TAURINE AND ARTICHOKE EXTRACT IN DISEASES OF THE
HEPATOBILIARY SYSTEM

Chronic hepatobiliary diseases are among the most widely spread human
diseases, second to only atherosclerosis. Based on WHO data, there are over two
billion people worldwide suffering from liver disease that is 100 times greater than
the HIV infection prevalence. Over the last twenty years, there has been a clear trend
towards an increasing incidence of the hepatobiliary diseases worldwide. There has
been an increase in the hepatobiliary pathology incidence at a young age observed
and four to seven times more frequently in women than men. According to WHO
experts, one in five women and one in ten men in Europe have hepatobiliary
disorder [5, 52].

The high prevalence of biliary pathology is evidenced by the fact that
cholecystectomy is the most frequent operative intervention among abdominal
surgeries. It has caused concern that the number of patients with cholelithiasis is
increasing in young adults and paediatric patients. Biliary diseases are closely
connected to hepatic dysfunction. The synthesis of cholesterol-oversaturated bile by
the liver against a background of reduced content of bile acids considerably raises
the risk of gallstone formation, as well as gallbladder cholesterosis [5, 52].

In recent years, there has been a search for polyfunctioning agents. This is
conditioned by the increase in the number of patients with multimorbid pathologies.
Currently, a doctor encounters with patients who have more than one pathology.
According to present knowledge, the number of patients with multimorbid pathology
who consult a doctor is around 80 %. Multimorbidity is often caused by the
anatomical proximity of the affected organs, common pathogenesis, and cause-effect
relationship. This is especially relevant to the hepatobiliary system and conditions
stemming from metabolic disorders, including metabolic syndrome, diabetes

mellitus, and atherosclerosis. The liver, the major organ of metabolism, occupies a

27



central place in the development of these diseases. Multimorbidity always involves
the use of several intermediates, leading to polypragmasy, therefore, the use of
natural safe agents, which have a multifunctional normalising effect on the disease
pathogenesis, allow reducing the amount of preparations and avoiding the adverse
effects of polypragmasy, is advisable [53—54].

At the preliminary stages, a pharmacotherapeutic design of a combination
drug containing ursodeoxycholic acid 150 mg, artichoke leaf extract 200 mg and
taurine 300 mg as active ingredients has been made and may be suitable for the
treatment of dyspeptic disorders in functional biliary diseases, hypokinetic biliary
dyskinesia and gastritis with bile reflux [55-57]. Consequently, it is important to
scientifically establish the safety of co-administration of ursodeoxycholic acid,

taurine and artichoke extract in hepatobiliary diseases.

2.1. Biochemical characteristics of the active ingredients of the combined
use of ursodeoxycholic acid, taurine and artichoke extract

Ursodeoxycholic acid (UDCA) is one of the endogenous bile acids
synthesised during the normal bile acid metabolism in humans [58—60]. It is a
chenodeoxycholic acid epimer and represents a hydrophilic, non-cytotoxic bile acid.
UDCA, a milder form of bile acid, is a naturally occurring constituent of human bile,
comprising approximately 1-5 % of the overall bile acid content in the human body.
It has been used as a drug in the world medicine for more than 30 years, including
more than 20 years in Ukraine [58—-60].

Originally prescribed for dissolving gallstones and managing reflux gastritis,
UDCA has evolved to become the established treatment approach for cholestatic
liver conditions that have an autoimmune element, including primary biliary
cirrhosis (PBC) and primary sclerosing cholangitis (PSC). In the National Drug
Formulary of Ukraine it belongs to the pharmacotherapeutic group of drugs used in
liver and biliary diseases, section — bile acids and derivatives (ATC code A0O5SAA02)
[58-60].
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A modest quantity of UDCA remains consistently present in human bile.
When taken orally, it diminishes the cholesterol saturation of bile, thereby retarding
the absorption of cholesterol within the small intestine and decreasing the release of
cholesterol into the bile. Obviously, the cholesterol dispersion and formation of
liquid crystals result in partial dissolution of the gallstone cholesterol.

According to a contemporary view, in hepatitis and cholestatic diseases,
UDCA is believed to cause an effect due to the relative substitution of lipophilic,
detergent-like toxic bile acids for hydrophilic cytoprotective non-toxic UDCA, and
also due to an improvement in the secretory capacity of hepatocytes and
immunoregulatory processes [58—62]. It stabilises hepatocyte and cholangiocyte
membranes and has a direct cytoprotective effect. By reducing cholesterol
absorption in the intestine and other biochemical effects, it has a
hypocholesterolaemic effect. The administration of the ursodeoxycholic acid
preparation, Ursodexan, contributed to reduction of sonographic signs of hepatic
steatosis, choledoch duct diameter, atherogenic lipids in the blood serum, and
increase of high-density lipoprotein cholesterol level [65].

UDCA inhibits cell death induced by harmful bile acids. Thanks to its highly
polar molecule, UDCA can create non-toxic mixed micelles when combined with
apolar (harmful) bile acids. This property diminishes the capacity of gastric refluxate
to harm cell membranes in cases of biliary reflux gastritis and reflux esophagitis. In
addition, UDCA forms double molecules capable of incorporating into cell
membranes, stabilising them and making them immune to the action of cytotoxic
micelles. It reduces bile cholesterol saturation by suppressing its absorption in the
intestine, inhibiting its synthesis in the liver and reducing its secretion into bile;
increases cholesterol solubility in bile, forming liquid crystals with it; reduces the
lithogenic index of bile. The outcome is the dissolution of cholesterol gallstones (due
to a change in the cholesterol-to-bile acid ratio in the bile) and the prevention of new
calculus formation (due to a reduction of cholesterol content in the bile). Moreover,
UDCA induces bicarbonate-rich choleresis, which results in increased bile passage,

and stimulates the excretion of toxic bile acids through the intestine. Administration
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of ursodeoxycholic acid preparations in cholestatic liver diseases and gallbladder
pathology promoted normalisation of physiological properties of bile and
improvement of hepatobiliary secretion, restoration of hepatocyte cytoskeleton
membrane fluidity, elimination of morphological signs of cholestasis [66].

The immunomodulatory effect of ursodeoxycholic acid is based on the
inhibition of HLA antigen expression on hepatocyte and cholangiocyte membranes
and normalisation of natural killer lymphocyte activity [52—-66]. UDCA has the
potential to delay the advancement of fibrosis in individuals with primary biliary
cirrhosis, cystic fibrosis, and alcoholic steatohepatitis. Additionally, it can lower the
risk of developing esophageal varices.

The second component of the preparation is taurine, a sulfonic acid formed
from the amino acid cysteine [60, 67—-68]. Taurine is normally found in small
amounts in human and animal tissues and bile [16—18]. It is synthesised in the body
by the enzymatic oxidation of the sulfthydryl group of cysteine by cysteine
deoxygenase to cysteinesulfinic acid with subsequent decarboxylation of
cysteinesulfinic acid to hypotaurine and oxidation of the latter to taurine.

Taurine forms conjugates with bile acids in the liver (via acetylation with them
at the amino group), and the conjugates formed (e.g. taurocholic and
taurodeoxycholic acids) are part of bile and, as surface-activated substances, help to
emulsificate fats. It plays a role in lipid metabolism, enhances energy and metabolic
processes, and promotes healing in dystrophic conditions and situations
characterized by substantial disturbances in tissue metabolism [66—68]. Under the
systemic influence, taurine also has hepatoprotective, cardiotonic and hypotensive
properties [69—72]. It is used in cardiovascular insufficiency, cardiac glycoside
poisoning and in type 1 and 2 diabetes mellitus. The positive effect of taurine in
chronic heart failure and type 2 diabetes mellitus is explained by its
endothelioprotective properties. Against the background of taurine administration,
an increase in the nitric oxide blood level and a decrease in endothelin-1 and the
implementation of a hypolipidaemic effect were noted [73]. Taurine is often given

as a component of complex medications. Pharmacotherapeutic group is amino acids
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(ATC code SO1XA21). Like UDCA, it has been used as a drug in the world medicine
for more than 30 years, including more than 20 years in Ukraine [60].

The third pharmacologically active ingredient in its composition is an
artichoke extract from the Cynara scolymus leaves. It is a herbal medicinal
product and belongs to the pharmacotherapeutic group “Other drugs for bile
therapy” (ATC code A0OSAX10). It has choleretic, diuretic, hepatoprotective and
hypolipidaemic actions. It increases biliary excretion, promotes excretion of
nitrogen-containing substances (urea, creatinine), toxins, reduces the lipids and total
cholesterol content in the blood, as well as reduces feeling of stomach fullness and
relieves spasm. The pharmacological impact is a result of a combination of bioactive
compounds found in the medication, including cynarin, chlorogenic acid, ascorbic
acid, carotene, B-group vitamins, and inulin. The primary active component,
cynarin, exhibits choleretic properties. The cholekinetic effect is found to a lesser
degree. Ascorbic acid, carotene, vitamins B1 and B2 and inulin in artichoke help to
normalise metabolic processes. The indications for the use of artichoke extract are
the dyspeptic and bile outflow disorders, gallbladder hypokinesia, chronic hepatitis,
chronic intoxications, chronic kidney disease, nephrolithiasis, uraturia,
atherosclerosis, and obesity (as part of complex therapy) [60]. Like UDCA and
taurine, artichoke extract has been used as a drug in the world medicine for more

than 30 years, including more than 20 years in Ukraine [60].

2.2. Pharmacological safety of the combined use of ursodeoxycholic acid,
taurine and artichoke extract

UDCA is a native component synthesised in a living cell in a certain amount
and is an absolutely essential component of normal bile acid metabolism. UDCA is
considered to be a well-tolerated medication. Until recently, there has been no in-
depth pharmacological safety assessment of UDCA, although individual academic
papers have investigated the toxic potential of ursodeoxycholic acid in different
models in a series of safety trials planned to evaluate the potential organ toxicity of

the compound, impact on reproductive function and body development, genotoxicity
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and carcinogenicity. When extrapolated to the recommended doses for human with
the purpose of clinical use of UDCA, there have been established guaranteed safety
reserves [76].

Many authors point out the lack of evidence that high doses of UDCA affect
the liver, except in the terminal stages of primary biliary cirrhosis, when cirrhosis
decompensation has been observed in individual cases associated with the UDCA
use [76], and consider UDCA to be a medication the relative safety of which has
been well confirmed by preclinical and clinical trials.

Taurine, like UDCA, is a native component synthesised in a living cell in a
certain amount and is an essential component of normal amino acid metabolism.
Taurine, a sulfur-containing amino acid, is indispensable for numerous essential
biological functions in the body. These include its influence on synaptic
transmission in the central nervous system, its cardiotropic effects, its roles as an
antioxidant and anticonvulsant, its ability to stimulate energy production and tissue
repair processes, its protective action against cataracts in the eyes, its role in reducing
cholesterol synthesis, and its capacity to bolster the immune system. Endogenous
synthesis of taurine varies greatly between individuals depending on dietary
patterns, the amount of protein intake and the availability of cysteine in food [77].
The main conclusion from multi-faceted studies conducted prior to the 1970s is that
taurine showed no significant toxic properties with different dosing regimens. It is
next to impossible overdose the taurine-based preparations due to the reliable
excretion pathways of this natural amino acid. This conclusion has been confirmed
by the entire history of taurine administration on hundreds of thousands of people.
High doses of exogenously introduced taurine can negatively affect the nervous
system and trigger psoriasis [78]. Elevated plasma concentrations of somatotropic
hormone in some epileptic patients during the taurine administration at the dose of
50 mg/kg body weight per day may indicate the ability of this amino acid to stimulate
the hypothalamus and alter neuroendocrinal function, which may be a side effect of
consuming increased doses of taurine. When taurine is administered in combination

with various components found in artichoke extract, like caffeic acid, it can lead to
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heightened diuretic effects and increased elimination of water and salts from the
body. This effect is particularly notable in children and young adults [78].
Artichoke extract is one of the few herbal medicines for which clinical and
experimental studies have complemented each other. Both experimental and clinical
effects have been verified during the development of artichoke-based herbal
medicines. Artichoke extract is well tolerated and has virtually no severe side effects
at the recommended doses [79]. The use of artichoke as a food product in various
countries for hundreds of years has confirmed its safety, with the exception of
allergic reactions. Such allergies must be considered a contraindication for its oral
administration. Due to its choleretic effect, the extract should not be taken by
patients with bile duct obstruction. Artichoke leaf extract is used as a safe natural
dietary supplement and antioxidant to complement the routine medical practices.
The virtual lack of side effects and the high safety level of artichoke extract

have been confirmed by a number of clinical and non-clinical studies [80].

2.3. Pharmacodynamic interactions of the combined use of
ursodeoxycholic acid, taurine and artichoke extract

Pharmacodynamic drug interactions are related to the following main
mechanisms: receptor binding competition, drug kinetics alteration at the site of
action, effect on synaptic transmission, and interaction of drug actions if they cause
opposite effects. UDCA does not exert its direct effects immediately via a receptor-
mediated mechanism and, therefore, does not compete for its own receptors with
other drugs. However, as mentioned above, UDCA is chemically similar to steroid
hormones and can therefore interact with their nuclear receptors [81-84]. UDCA
binds to glucocorticoid receptors and changes their activity [85] proportionally with
its concentration [84]. UDCA enhances glucocorticoid-induced expression of the
tyrosine aminotransferase gene, which is blocked (by inhibition of protein kinase C)
by the transcription inhibitor sphingosine [92]. Glucocorticoid, mineralocorticoid,
progesterone and androgen receptors interact with UDCA in a similar way and with

marked crossed activity. UDCA activates the nuclear glucocorticoid and
33



mineralocorticoid receptors [81] and inhibits progesterone and oestrogen receptors
[86]. Although UDCA does not directly affect synaptic transmission, however, this
compound inhibits mitochondrial membrane depolarisation and ion channel
formation, so an indirect influence is not excluded either by this mechanism or by
inhibiting the formation of reactive oxygen intermediates, cytochrome C release,
caspase activation and cleavage of nuclear poly(ADP-ribose)polymerases [87].
UDCA has no drug antagonists.

Besides all of the above, as mentioned previously, like other bile acids, UCDC
conjugates with other active ingredient of the drug, taurine. Conjugation is a
necessary step in realising the pharmacological effects of both compounds, as the
introduction of a sulfogroup into the UDCA tauroconjugate increases its ionisation,
detergent action, solubility, and reabsorption. Thus, the interaction of UDCA with
taurine leads to an increase in their pharmacological activity. It is commonly
believed that the favourable effect of taurine regarding the atherogenesis degree
reduction is mainly determined by its binding to UDCA. As a result, cholesterol,
triglycerides, low-density lipoproteins and lipid peroxidation products are reduced
simultaneously with increase in glutathione levels [92].

The interaction of UCDC with taurine brings certain specificity to realization
mechanisms of pharmacological effect [93, 88], as the formed complex can interact
with more cellular targets than the parent compounds. For example,
tauroursodeoxycholic acid (TUDCA) realizes its choleretic effect mainly through
the integrin a5 Pl-mediated pathway [88]; moreover, significant conformational
changes occur in the main integrin molecule region responsible for its activation.
The results of other studies comparing the pharmacological effects of UDCA and
TUDCA have also shown an increase in biological activity as a result of conjugation.

The possibilities of pharmacodynamic interactions for taurine are not limited
with this. Since the main biological mechanisms of action of this amino acid, besides
participation in the bile acid conjugation, are neuromodulation (agonist of gamma-
aminobutyric acid, GABA, and glycine); neuronal and synaptic membrane

stabilization; influence on distribution of extra- and intracellular calcium ion flows;
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osmoregulation; retinoid and xenobiotic conjugation; anti-oxidative action, taurine
can (as an agonist) modify the GABA and glycine effects on cells, indirectly affect
the functioning of transmembrane cell channels, synaptic transmission, modify the
effects of compounds that are antagonists of GABA and glycine or can form
conjugates with taurine [88, 89]. Involving the above mechanisms, taurine is able to
lower blood pressure and enhance the antihypertensive drug effects (captopril,
enalapril, lisinopril, etc.).

As for the third ingredient, artichoke extract, currently, there is some evidence
that it may potentiate the cholesterol-lowering effects of other drugs, particularly
statins, by enhancing their effect [90].

The native origin of all the active ingredients of the preparation explains its
relatively good safety profile. The human body has efficient systems for catabolism
and excretion of excessive amounts of these compounds, which make it impossible
to overdose them.

The co-use of ursodeoxycholic acid, taurine and artichoke extract will
contribute to the additive hepatotropic effect of these agents. Based on the literature
data presented, it is possible to predict the safety of using a fixed composition

consisting of ursodeoxycholic acid, taurine, and artichoke extract.
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CHAPTER 3.
EFFICACY PROFILE OF THE HOMEOPATHIC COMBINATION FOR
INFLUENZA AND ACUTE RESPIRATORY VIRAL DISEASES
TREATMENT AND PREVENTION

An acute respiratory viral infection (ARVI) manifests with a general
intoxication syndrome and primarily affects the respiratory mucosa. This type of
infectious disease, which primarily affects the upper respiratory tract, spreads
rapidly and easily. ARVI can be caused by a wide variety of viral pathogens,
totaling more than 200 types, spanning different nosological groups such as
influenza viruses, parainfluenza, adenoviruses, respiratory syncytial viruses,
coronaviruses, enteroviruses, rhinoviruses, picornaviruses, herpesviruses, and
more. These infections account for roughly 90 % of all infectious diseases and
represent a significant medical and socioeconomic challenge. On average, adults
experience ARVI symptoms at least 2-3 times a year, while children may face them
6-10 times annually [94-96].

Despite the abundance of medications available, the challenge of treating
influenza and ARVI in both children and adults remains a pertinent issue, with
treatments primarily focusing on alleviating symptoms. The course of the illness is
largely influenced by an individual's immune response, which can vary
significantly. Modern pharmaceuticals often come with a high risk of adverse
effects, prompting a growing interest among both healthcare professionals and
patients in alternative treatment methods. This interest has led to a notable increase
in the use of homeopathic remedies and herbal medicines, emphasizing a more
comprehensive approach to treatment.

Ethnoscience and non-traditional medical practices can complement
conventional treatments and preventive measures for influenza and ARVI, working
in harmony with antiviral drugs, antihistamines, and detoxification agents. These
alternative methods can also stand alone, particularly in the treatment of

uncomplicated cases. For instance, “anti-cold” homeopathic remedies (HR) can be
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employed right from the onset of the illness, when symptoms like elevated
temperature, signs of intoxication, and inflammation are present [97-98].

To make homeopathic treatments more accessible as a primary healthcare
option, comprehensive homeopathic remedies have been developed. These
remedies can be prescribed by medical professionals and are also suitable for
independent use by patients. Ukraine's pharmaceutical market features
approximately 200 complex (multicomponent) homeopathic medicines from well-
established national and international companies.

It is therefore essential to establish a scientific basis for the safety and
effectiveness of a tablet-form complex homeopathic formulation. This formulation
includes Aconitum napellus D6, Ammonium bromatum D4, Atropa belladonna D6,
Bryonia D6, Cinchona pubescens D6, Echinacea D3, Hydrargyrum bicyanatum
D8, Rhustoxicodendron D6. This formulation is designed to boost natural immunity
in cases of influenza and respiratory diseases while also helping normalize the

functional state of the immune system and upper respiratory tract.

3.1. Characteristics of the pathogenesis of influenza and acute
respiratory viral diseases

Influenza is the result of an infection caused by one of three types of
circulating RNA influenza viruses, which are classified as types A, B, or C [99].
Influenza C virus typically leads to respiratory illnesses that are relatively milder
in comparison to those caused by the A and B viruses [100]. According to the World
Health Organization (WHO), approximately one-third of the global population
experiences acute respiratory infections each year [101]. The unpredictability of
influenza epidemics is primarily attributed to the antigenic variability of these
viruses, which can result in partial or complete alterations in group and strain
determinants. The rapid spread of the disease over short periods is facilitated by a
brief incubation period, airborne transmission, the high susceptibility of individuals
to these viruses, and the absence of immunity in the population against new

antigenic variants of the virus.
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A pivotal aspect of the development of influenza, as well as viral infections
in general, is the damage inflicted upon the vascular system. This damage results
from the toxic effects of the virus and is characterized by increased permeability of
blood vessels, fragility of their walls, and impairment of microcirculation. These
vascular alterations play a central role in the emergence of neurological syndromes.
Furthermore, a complex of functional disorders within the nervous system can be
attributed to damage to the autonomic nervous system and the diencephalon region,
which includes the hypothalamus and pituitary gland. This region boasts the highest
degree of vascularization and plays a crucial role in neurovegetative,
neuroendocrine, and neurohumoral regulation.

In the pathogenesis of influenza infection, immune mechanisms also hold
significant importance, particularly T-lymphocytes and their subpopulations, as
well as natural killer cells (NK). The suppression of the T-system and NK
functional activity is a characteristic feature of severe forms of the infection,
leading to prolonged viral persistence and the development of secondary bacterial
complications [99].

Influenza stands apart from other ARVIs due to its pronounced toxic effects.
In contrast, parainfluenza, adenoviral, and respiratory syncytial infections typically
exhibit weak toxic symptoms, even in cases of high fever. These symptoms may
even be absent in rhinovirus infections.

While symptoms related to upper respiratory tract issues with systemic
involvement are the most commonly observed in these infections, severe non-
pulmonary manifestations are also quite common. These severe manifestations can
encompass conditions such as myocarditis, rhabdomyolysis, encephalitis,
hypovolemic shock with either hyperthermia or hypothermia, and more [102].

It's important to note that secondary bacterial pneumonia, often caused by
drug-resistant Staphylococcus aureus, is a significant contributor to infant deaths
associated with the flu [103].

Individuals at the highest risk of developing complications related to

influenza include infants and young children, the elderly, those with compromised
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immune systems, and people with specific chronic heart, lung, or neurological

conditions [104].

3.2. Efficacy profile of the homeopathic product

The utilization of homeopathic treatment methods has been broadened thanks
to the creation of official laboratory-developed formulations, which facilitate the
achievement of a swift therapeutic outcome. In contrast to classical homeopathy,
integrated homeopathy employs conventional medical terminology and is founded
not on homeopathic principles but rather on conventional clinical diagnoses [105].

Complex homeopathic remedies that incorporate both biogenic and mineral
components are commonly used, especially in the treatment of colds and flu. For
instance, trials assessing the effectiveness and safety of an anti-cold homeopathic
medication (comprising FEchinacea angustifolia, Eupatorium perfoliatum,
Aconitum, Belladonna) have yielded promising results [106].

These clinical trials involved 1050 outpatients suffering from colds who
received the test drug for a duration of 8 days. The study was conducted across
64 outpatient clinics, with general practice therapists who were trained in the use
of homeopathic medicines participating. Doctors and patients assessed tolerance,
adherence to the treatment regimen, and its efficacy using diaries. The results
indicated that this homeopathic complex medication demonstrated a positive
therapeutic effect in approximately 84 % of patients, with ratings of “good” and
“very good” efficacy recorded in 84.9 % of all patients. This complex homeopathic
medicine was found to be safe and effective for the treatment of colds in both
children and adults.

In another set of tests involving this anti-cold complex homeopathic remedy,
its effects were compared to traditional methods of treating colds and flu, which
typically involve antihistamines, antitussives, and nonsteroidal anti-inflammatory
drugs [107]. It's important to note that this trial was non-randomized, and the
treatment lasted for a maximum of 2 weeks. A total of 85 medical institutions

specializing in general and homeopathic practices in Germany participated in the
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trial, and it involved 397 patients with cold symptoms and upper respiratory
inflammation.

Patients who received homeopathic treatment did not use additional
analgesics, antibiotics, or anti-inflammatory medications. However, they were
allowed to pursue non-pharmacological treatments like taking vitamins, thermal
therapy, etc. The effectiveness of the treatments was assessed by evaluating the
level of symptomatic improvement, which encompassed factors such as fatigue,
general feeling of illness, cold-related symptoms, shivering, joint pain, overall
disease severity, sum of all clinical variables, presence of elevated temperature, and
duration of symptoms.

Both treatment approaches, traditional and homeopathic, yielded notable
symptomatic relief. Notably, a significantly higher proportion of patients (P < 0.05)
experienced improvement within 3 days when treated with homeopathic therapy
(77.1 % as opposed to 61.7 % in the control group) [107].

The developed medication falls within the category of complex homeopathic
remedies designed for the treatment of colds and flu. While comprehensive
evidence-based pre-clinical and clinical studies of the entire homeopathic complex
may not have been conducted, the scientific literature does contain data regarding
the pharmacological effectiveness of its individual components at various
concentrations, potencies, and administration regimens.

Aconitum napellus and Atropa belladonna are commonly used components
in various complex homeopathic remedies to treat upper respiratory tract infections,
typically at different dilution levels (6X, 12X, 30C, 200C, 200CF, 10,000CF) [108].

The efficacy of aconite homeopathic preparations in alleviating throat pain,
itching, inflammation, and reducing fever has also been studied in experiments
involving mice [109]. The objective of this study was to assess the impact of two
different doses of aconite homeopathic preparations on the body temperature of
mice receiving the medicine at six different time intervals over a 24-hour period.

Female BALB/c mice were placed in six chambers (with six mice in each)

with an air temperature of 24 + 3 °C, humidity of 60 + 4 %, and a 12-hour light/dark
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cycle, but with a 4-hour staggered onset of light between chambers. This allowed
for testing at one specific time followed by testing at six different times (2, 6, 10,
14, 18, and 22 hours after the onset of light). Rectal temperatures were measured
both at the beginning and 1 hour after oral administration of either a placebo or two
doses of homeopathic aconite (6C and 30C) in these six experimental regimens.

The study revealed a circadian rhythm in the effects of both doses of
homeopathic aconite preparation (6C and 30C). It was also established that the time
of day significantly influenced the outcomes of both doses of homeopathic aconite
and other homeopathic treatments. This finding underscores the importance of
considering the optimal dosing and treatment time to maximize the desired results
while minimizing adverse effects.

The application of new methodological approaches has allowed for a more
evidence-based examination of the homeopathic effects of aconite [110-111].

Typically, the action of ultra-high dilution homeopathic medicines is not
directly monitored. However, an attempt was made to selectively observe specific
autonomic responses to homeopathic medicines in healthy individuals using the
Medical Analyzer System Medical Device Analyzer, developed by the Electronics
Division of the Bhabha Atomic Research Center in Mumbai, India [111]. The
primary goal of this study was to document the impact of homeopathic remedies on
the physiological variability of heart rate and blood flow.

In this study, pre- and post-interventional variabilities of cardiac rhythm and
blood flow spectra were recorded in 77 volunteers using a medical analyzer. The
effects were investigated following the administration of homeopathic preparations
containing the theese ingredients: Aconitum napellus (6C, 10M), Arsenicum album
(200C, 1M), Gelsemium sempervirens (200C, 1M), phosphorus (200C, 1M),
Pulsatilla nigricans (200C), and sulfur (200C, 1M), with a comparison to a placebo
control. Significant changes were recognized as an increase in the amplitude of any
real peak by 100% or a decrease by 50 % [111].

A group of researchers conducted a series of studies to investigate the effects

of homeopathic preparations containing aconite on various models of anxiety
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behavior in rodents [110]. These studies involved fifteen pilot experiments, and
some of the findings were corroborated by multiple research laboratories.

Furthermore, there was a study on the impact of homeopathic preparations
containing aconite on leukocyte cells [112, 113]. Specifically, a Brazilian complex
homeopathic preparation containing Aconitum, Thuya, Bryomia, Lachesis, and
Arsenicum was examined [113]. Previous research had indicated that this
medication led to an increase in the number of leukocytes. Since the bone marrow
is the primary site for blood cell formation, the in vitro effects of the drug on bone
marrow cells in mice were investigated.

The homeopathic medicine Canova, which contains Aconitum, has been found
to have several effects on macrophages [113]. It suppresses the production of tumor
necrosis factor TNF-alpha by macrophages, which subsequently enhances the
activity of NAD(P)H-oxidase and nitric oxide synthase iNOS in these
macrophages. This increase in activity is due to the increased generation of reactive
oxygen species and active nitrogen forms.

In this context, it's important to note that the activity of cytochrome oxidase
and peroxisomes in macrophages is inhibited by nitric oxide (NO). Since both NO
and superoxide (O2") are produced simultaneously, it can lead to the formation of
peroxynitrite (ONOO").

These findings shed light on the mechanisms underlying the stimulation of
immune functions when using Aconitum-containing homeopathic medicines,
particularly in terms of the cytotoxic action of macrophages. In essence, these
medicines appear to modulate macrophage activity in a way that enhances immune
responses.

Research on the effects of homeopathic preparations containing aconite has
also been conducted on humans [114, 115]. Although healthy individuals often
report experiencing a response to homeopathic remedies, the mechanisms behind
such reactions remain unclear. To investigate the short-term effects of the
homeopathic preparation Aconitum napellus C30 on healthy volunteers, a study

was conducted [115].
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In this double-blind, placebo-controlled, cross-study, 33 individuals were
randomly selected, and 27 were included in the analysis. The study consisted of
two 7-day treatment periods, each comprising a 3-day intake of the homeopathic
preparation Aconitum napellus C30 followed by a 4-day washout period. One group
initially received Aconitum napellus C30 and then a placebo, while the other group
received both preparations in reverse order. Signs and symptoms were recorded,
counted, and assessed before and after each administration. Statistical analysis of
the collected data was performed using the Wilcoxon-Mann-Whitney test. The
results of the study demonstrated statistically significant differences between
Aconitum napellus C30 and the placebo (p = 0.004) [115].

A prospective observational study was conducted, involving one homeopath
and four conventional Ear, Nose, and Throat (ENT) practitioners [114]. The study
aimed to compare two methods of treating acute otitis media in pediatric
populations. Group A received treatment with individual homeopathic remedies
(Aconitum  napellus, Apismellifica, Belladonna, Capsicum, Chamomilla,
Kaliumbichromicum, Lachesis, Lycopodium, Mercurius solubilis, Okoubaka,
Pulsatilla, Silicea), while Group B received nasal drops, antibiotics, mucolytics,
and/or antipyretics. The primary evaluation criteria included the duration of pain,
duration of fever, and the number of relapses within one year. Secondary evaluation
criteria encompassed improvement within 3 hours, results of audiometry and
timpanometry, as well as the necessity for additional therapy. These parameters
were described descriptively.

The study involved 103 children in Group A and 28 children in Group B,
ranging in age from 6 months to 11 years in both groups. Regarding the duration of
pain, the average duration was 2 days in Group A and 3 days in Group B. It's
noteworthy that in terms of the duration of therapy, the median was 4 days for
Group A and 10 days for Group B. This difference arises because antibiotics are
typically administered over 8-10 days, while homeopathic remedies can be
discontinued earlier from the outset of treatment. Among the children in Group A

who received homeopathic remedies, 70.7 % experienced no relapses during the
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year, and 29.3 % had a maximum of 3 relapses. In contrast, in Group B, 56.5 %
remained free of relapses, while 43.5 % experienced a maximum of 6 relapses. Out
of the 103 children in Group A, only 5 subsequently required antibiotics.
Homeopathic treatment alone led to recovery in the remaining 98 patients.

Medications based on belladonna are used as widely as homeopathic
preparations containing aconite [108, 116]. The efficacy of homeopathic
preparations containing belladonna has also been studied in animal experiments
[117-119]. For example, research was conducted on the effects of homeopathic
mono preparations of plant origin, which included Atropa belladonna and Rhus
toxicodendron in three different dilutions (potencies), on interstitial humoral
transport in healthy laboratory animals (mice). This was evaluated by measuring
the rate of lymphotropic label secretion from the mesentery using Oyvin's method,
which involves vital biomicroscopy of the intestinal mesentery in small laboratory
animals. These homeopathic mono preparations demonstrated a dose-dependent
inhibitory effect on interstitial transport and lymphatic drainage in the tissues of
healthy mice [119].

In another study, six different homeopathic remedies (Arnica montana D4,
Apis mellifica D4, D30, Atropa belladonna D4, Hamamelis virginiana D4,
Lachesis D6, D30, Phosphorus D6, D30) were investigated in animal experiments
involving two experimental edema models (carrageenan-induced edema and
autologous blood-induced edema) and two routes of administration (sub-plantar
and oral administration) [117]. This study involved 720 Sprague Dawley male rats
weighing 170-180 grams. Saline solution and indomethacin were used as controls.
Edema levels were measured using a plethysmometer before and at various times
after edema induction. Data analysis was performed using ANOVA and Student's
t-test. The results of these experiments suggested that further research is needed to
better understand the anti-edema effects of certain homeopathic remedies.

A study aimed at determining the effectiveness of a homeopathic complex
preparation containing belladonna on the symptoms of acute viral tonsillitis in

children in South Africa was conducted [120]. This was a randomized, double-
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blind, placebo-controlled pilot study that lasted for 6 days. The study involved
thirty patients, aged 6 to 12 years, who were diagnosed with acute viral tonsillitis
and were recruited from a primary school.

In this study, participants in the treatment group were instructed to take two
tablets of the homeopathic preparation (containing Atropa belladonna D4,
Calcarea phosphoricum D4, Hepar sulphuris D4, Kalium bichromat D4, Kalium
muriaticum D4, Mercurius protoiodid D10, Mercurius biniodid D10) four times a
day, while the placebo group received lactose tablets. Pain intensity was measured
using the Wong-Baker FACES Pain Rating Scale, and changes in tonsillitis signs
and symptoms were evaluated using a Symptom Grading Scale.

The results of the study indicated that the treatment group experienced a
statistically significant improvement in various symptoms compared to the placebo
group. These improvements included reduced tonsillitis-associated pain, pain on
swallowing, erythema and inflammation of the pharynx, and the size of the tonsils.
The homeopathic preparation used in this study exhibited significant anti-
inflammatory and pain-relieving qualities in patients with acute viral tonsillitis, and
no adverse effects were reported by any of the patients involved in the study.

Another study aimed to assess the efficacy of homeopathic remedies in
preventing and treating migraines in children [121]. This was an observational,
prospective, open, non-randomized, multicenter study conducted in 12 countries
worldwide. The study investigated various homeopathic medicines, including
Ignatia amara (25 %; 9C), Lycopodium clavatum (22 %), Natrum muriaticum
(21 %), Gelsemium (20 %), Pulsatilla (12 %; 15C), Belladonna (32 %; 9C), Ignatia
amara (11 %; 15C), Iris versicolor (10 %; 9C), Kalium phosphoricum (10 %; 9C),
Gelsemium (9 %; 15C and 30C). The study involved 59 doctors trained in
prescribing homeopathic preparations and 168 children aged 5-15 years.

The study evaluated the intensity, frequency, and duration of migraine
attacks for a 3-month period prior to inclusion and compared them with the same
parameters during a 3-month treatment and follow-up period. Data were collected

through questionnaires completed by physicians and patients or their
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parents/guardians. The results indicated that the frequency, severity, and duration
of migraine attacks significantly decreased during the 3-month follow-up period
(p <0.001). Homeopathic preparations were used for preventive medication in
98 % of cases. The most commonly used preventive medicines included Ignatia
amara (25 %; 9C), Lycopodium clavatum (22 %), Natrum muriaticum (21 %),
Gelsemium (20 %), and Pulsatilla (12 %; 15C). Homeopathic monotherapy was
used for migraine attack treatment in 38 % of cases, with the most frequently used
medicines being Belladonna (32 %; 9C), Ignatia amara (11 %; 15C), Iris
versicolor (10 %; 9C), Kalium phosphoricum (10 %; 9C), and Gelsemium (9 %;
15C and 30C). These results demonstrated the efficacy of homeopathic
preparations in preventing and treating migraine attacks in children [28].

As previously mentioned, in vitro studies of complex homeopathic
preparations containing Bryonia were conducted on immune system cells, which
showed an increase in the number of leukocytes and stimulated macrophage
activity [112-113].

Homeopathic remedies based on Bryonia have demonstrated anti-
inflammatory and analgesic effects in both animal and human studies [121-123].

In animal studies, the anti-inflammatory and analgesic effects of
homeopathic remedies containing Bryonia were demonstrated [121]. These studies
included the investigation of homeopathic mono-preparations such as
Aconitum D4, Phytolacca D1, Bryonia D, and D4, Lachesis D8, and Mercurius
solubilis D4 in fifty cows with acute mastitis. Promising results were obtained,
particularly in the treatment of Escherichia coli mastitis.

Human studies have also confirmed the anti-inflammatory and analgesic
effects of homeopathic remedies containing Bryonia [122-123]. In one study,
homeopathic remedies containing Apis mellifica 9CH and Bryonia 9CH were used
to suppress inflammation and reduce pain during postpartum lactation suppression
[122]. This double-blind, placebo-controlled study involved 71 patients who
received basic treatment, including naproxen and fluid restriction. Patients

receiving homeopathic remedies containing Apis mellifica 9CH and Bryonia 9CH
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exhibited significant suppression of lactation pain, which was the primary outcome
of the study (p < 0.02). These findings support the anti-inflammatory and analgesic
properties of Bryonia-containing homeopathic remedies.

A study conducted in Gauteng, South Africa, found that homeopathic
complexes containing Bryonia and Toxicodendron were equally effective in
suppressing inflammation and reducing the pain syndrome associated with
osteoarthritis [ 123]. This study was a six-week, randomized, double-blind, placebo-
controlled pilot study, conducted within a private physiotherapy practice. The study
involved 30 male and female participants aged 45-75 years who were receiving
physiotherapy treatment for osteoarthritis of the lumbar spine.

Both the intervention group and the control group received standard
physiotherapy as part of their treatment. In addition to physiotherapy, the treatment
group received a homeopathic complex containing the following ingredients at
6CH potency: Arnica montana, Bryonia alba, Causticum, Kalmia latifolia, Rhus
toxicodendron, and Calcareafluorica. The control group received a placebo.

The results of the analysis showed that the group receiving the homeopathic
complex exhibited significant improvements in reducing the severity of the pain
syndrome and manifestations of inflammation compared to the control group. It's
important to note that the study's sample size was relatively small, which limits the
conclusiveness of the results. Nevertheless, the findings suggest that the
combination of homeopathic complex therapy and physiotherapy may significantly
improve the symptoms associated with osteoarthritis.

Research on the efficacy of homeopathic mono- and complex preparations
based on Echinacea extracts has primarily been conducted through human trials. In
the past decade, a significant number of controlled clinical trials have examined the
preventive or therapeutic immunomodulatory effects of homeopathic preparations
containing Echinacea, either as monotherapy or in combination with other plant
extracts. These trials include 26 controlled clinical trials, of which 18 were
randomized and 11 were double-blind. Among these trials, 6 tested three different

mono-extracts, while 20 examined complex homeopathic remedies. These studies
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focused on various aspects, including 19 trials studying the effectiveness in
preventing or treating infections, 4 trials examining the reduction of adverse effects
during antitumor therapy, and 3 trials investigating the modulation of various
immune parameters. The collective findings from these controlled clinical studies
suggest that homeopathic preparations containing Echinacea extracts can be
effective immune modulators [124].

Furthermore, another group of researchers conducted studies on the
immunomodulatory activity of homeopathic preparations containing Echinacea
extracts on healthy volunteers. This study involved 134 healthy volunteers, ranging
in age from 18 to 40 years, with 18 women and 116 men included. The homeopathic
complex preparations used in this study contained Echinacea angustifolia D1 and
D4, two alcohol extracts of Echinacea purpurea roots, and an Echinacea pallida
extract. The primary criterion for evaluating the effectiveness of the
immunomodulatory action was the relative phagocytic activity of
polymorphonuclear neutrophils (PNG), assessed through various cytometric
methods, as well as the number of leukocytes in peripheral venous blood.

The use of complex homeopathic remedies containing Echinacea extracts
has found widespread application in otolaryngology, with 163 out of
833 respondents reporting positive effects from their use. These remedies have
been reported to improve the quality of surgical care [125-127].

Research into the immunomodulatory and anti-inflammatory activity of
homeopathic preparations containing 7Toxycodendron extracts has primarily been
conducted in vitro. One study used primary cultures of preosteoblast cells from
MC3T3-E1 mice to investigate different homeopathic dilutions of Rhus
toxicodendron extract. The stimulation of cells by different concentrations of RAus
toxicodendron extract resulted in an increased expression of mRNA for
cyclooxygenase-2 (COX-2). The application of 30X Rhus toxicodendron extract
caused the most pronounced increase in mRNA expression. Additionally,
prostaglandin E2 (PGE2) production significantly increased with 30X Rhus

toxicodendron extract compared to other homeopathic dilutions. However, changes
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in the levels of COX-2 protein expression differed from changes in mRNA
expression. The greatest effect on COX-2 protein production was observed with the
use of 30C Rhus toxicodendron extract compared to other dilutions. The production
of nitric oxide (NO) significantly decreased in MC3T3-E1 cells when exposed to
homeopathic dilutions of Rhus toxicodendron. This suggests that the homeopathic
remedies had a dual effect on cells, involving both an increase in cyclooxygenase-
2 expression and the inhibition of NO production, thereby modulating
inflammation [128].

Similar experiments were conducted on the culture of mouse chondrocyte
cells. The study assessed the effects of different homeopathic dilutions (4X, 30X,
30C, and 200C) of Rhus toxicodendron extracts on the expression of type Il
collagen, a marker protein of chondrocytes, and COX-2. The expression of collagen
type II and COX-2 was evaluated using various biochemical and immunological
methods, including reverse transcription polymerase chain reaction (RT-PCR),
quantitative PCR (qRT-PCR), and immunoblot assays. Stimulation of the cell
culture with various concentrations of Rhus toxicodendron increased the mRNA
expression of cyclooxygenase-2, with the most prominent effect observed with
Rhus toxicodendron 30X. Homeopathic dilutions of Rhus toxicodendron 4X, 30X,
and 30C inhibited the expression of collagen type II and induced the
dedifferentiation of chondrocytes. Additionally, treatment with Rhus
toxicodendron 30X significantly increased PGE2 release compared to other
homeopathic dilutions [129].

The results of several studies suggest that homeopathic remedies containing
Rhus toxicodendron, both as mono-preparations and when included in complex
homeopathic remedies like Zeel comp. N, exhibit anti-inflammatory effects. These
remedies were shown to inhibit the synthesis of leukotriene B4 (LTB4) and PGE2
by enzymes like 5-lipoxygenase (5-LOX) and cyclooxygenase 1 and 2 (COX 1 and
2) in human cell culture studies. Complex homeopathic remedy Zeel comp. N and

its individual constituents, including Arnica montana, Sanguinaria canadensis, and
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Rhus toxicodendron, displayed inhibitory actions on the production of LTB4 by 5-
LOX and the synthesis of PGE2 by COX 1 and COX 2 enzymes in vitro [130].

Furthermore, the immunomodulatory and anti-inflammatory activity of
homeopathic remedies containing Rhus toxicodendron extract has been confirmed
in animal experiments [131-135]. This suggests that these remedies have the
potential to modulate inflammation and immune responses in vivo.

Homeopathic preparations of Cinchona officinalis, when included in
complex homeopathic remedies, have also demonstrated immunomodulatory and
anti-inflammatory effects [105, 136]. Additionally, studies on HepG2 human cell
culture indicated antioxidant activity in D4 homeopathic preparations of Cinchona
officinalis [137].

In vitro testing of the homeopathic complex Oligoplex and its components,
such as Mercurius cyanatus DS, Echinacea angustifolia D1, Ailanthus glandulosa
D3, Ammonium bromatum D3, Baptisia tinctoria D3, and Euspongia officinalis D2,
revealed bactericidal activity against various clinical isolates, including
Streptococcus pyogenes, Streptococcus agalactiae, Streptococcus pneumoniae,
Staphylococcus aureus, and Enterococcus faecalis. This bactericidal activity was
found to be higher than that of vancomycin, especially for Mercurius cyanatus
[138].

Overall, the results of these studies suggest that the components of complex
homeopathic medicinal products, both in vitro and in vivo, have significant anti-
inflammatory, analgesic, immunomodulatory, and bacteriostatic activities across a
wide range of potencies.

The components of the developed homeopathic product, including extracts
of aconite, belladonna, chininum sulphuricum, as well as mineral ingredients, have
a long history of use in homeopathic practice both in Ukraine and around the world.
These ingredients have been utilized as anti-cold and immunomodulating mono-
and complex homeopathic preparations for over a century, dating back to the 1830s.

One notable aspect of homeopathic preparations is their safety profile, as the

active ingredient concentrations used in these remedies are extremely low and
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considered non-toxic. This makes them suitable for use in a wide range of
individuals without significant side effects or safety concerns.

The primary purpose of the developed homeopathic product is for the
treatment and prevention of acute respiratory diseases and influenza. It is designed
to enhance the body's natural protective responses and provide relief from the
common symptoms associated with acute respiratory infections and flu, including
symptoms like headache, runny nose, sneezing, sore throat, fever, and body aches.
Additionally, the product aims to promote a quicker recovery from these illnesses.

Given the long history of use and the generally favorable safety profile of
homeopathic remedies, this product offers an alternative approach for individuals
seeking relief from cold and flu symptoms and aiming to support their immune
system during these infections. However, it's important for individuals to consult
with a healthcare professional or homeopath before starting any new treatment,
especially if they have underlying medical conditions or are taking other

medications.
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CHAPTER 4.
CURRENT SAFETY DATA OF THE COMPLEX HERBAL MEDICINE
WITH SEDATIVE AND CARDIOPROTECTIVE ACTIONS

Pharmacovigilance represents the branch of pharmacological science within
modern healthcare that is dedicated to safeguarding patients' well-being during drug
usage, with the overarching goal of reducing illness and fatalities. Marketing
authorization holders bear the responsibility of establishing, furnishing, and ensuring
the effectiveness of their own pharmacovigilance systems, which is an essential
prerequisite for the availability of medicines in the market. Presently, the prevailing
trend in developed countries' pharmacovigilance efforts involves a shift from a reactive
approach (detecting and responding to cases) to a proactive one (strategically planning
and preventing issues).

Within the pharmacovigilance system, three pivotal documents focus on quality
management of organizational structures and the handling of pharmacovigilance data.
The first document is the risk management plan, a comprehensive record delineating
the risk management system's intricacies, with a strong emphasis on planning
pharmacovigilance actions and risk minimization. The second document, the periodic
safety update report (PSUR), is centered around the analysis of accumulated and time-
specific safety and efficacy data for a particular medicinal product, with a primary goal
of evaluating the benefit-to-risk ratio. Finally, the third critical document is the
addendum to the clinical overview, which critically assesses the existing benefit-to-
risk profile of a specific medicinal product. This evaluation is based on data from the
PSUR, as well as safety and efficacy data gathered since the initial registration or the
most recent re-registration of the medicinal product.

Proactive management strategies enable the effective mitigation of risks
associated with drugs, benefiting both the general population and the operations of

pharmaceutical companies and regulatory bodies alike [94, 139-141].
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With the rising use of herbal medicines, there has been a corresponding increase
in the reporting of suspected toxicity and adverse events. These undesirable reactions
can arise from several factors:

(1) Side effects: These are typically detectable through pharmacodynamic
assessments and are often predictable.

(i1) Reactions stemming from overdose, prolonged usage, tolerance, or
dependence/addiction: These can be 1identified through pharmacodynamic or
pharmacovigilance methods.

(i11) Hypersensitivity, allergic reactions, and idiosyncratic responses: These are
detectable through pharmacovigilance efforts.

(iv) Mid-term and long-term toxic effects: These include issues such as liver,
renal, cardiac, and neurotoxicity, as well as genotoxicity and teratogenicity. These
effects can be identified through in vitro and in vivo toxicological studies or through
pharmacovigilance efforts.

It's important to note that many herbal products available on the market have not
undergone comprehensive testing for their pharmacological and toxicological
properties. Consequently, pharmacovigilance plays a crucial role in identifying and
addressing unwanted reactions, ensuring the safety of those who use these products
[142].

One of the herbal preparations widely utilized to provide support for the
cardiovascular system during periods of stress, as well as in the management of
neurocirculatory dystonia, cardiac neurosis, and as a part of comprehensive treatment
for conditions like arterial hypertension, angina pectoris, and arrhythmia, is a
multifaceted medicinal product known as Carvelis. This product is available in the
form of oral drops and is provided as a solution by Dr. Gustav Klein GmbH & Co. KG
in Germany. The active pharmaceutical components of this medication include:

1.  Extract from a mixture of hawthorn leaves, flowers, and fruit (Crataegi folii
cum flore, fructus extractum).
2. Herb extract of canine nettle (Leonuri herbae extractum).

3.  Melissa herb extract (Melissae herbae extractum).
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4.  Valerian root extract (Valerianae radix extractum).
The primary objective of this study was to conduct a comprehensive evaluation
of the existing scientific data concerning the balance between the benefits and risks
associated with this complex herbal medicine, which possesses both sedative and

cardioprotective effects.

4.1. Pathophysiological and epidemiological characteristic of nosological
forms for the treatment of which a phytopreparation is prescribed

Support for the cardiovascular system at nervous tension (stress). Stress is
a generalized response of the body to a powerful external stimulus that exceeds the
norm, triggering a corresponding reaction from the nervous system. There are various
types of stress, including informational, emotional, physiological, and post-traumatic
stress. During periods of stress, the sympathetic nervous system becomes active,
leading to increased production of “stress” hormones, elevated heart rate, and
heightened blood pressure. These physiological changes can result in organic
alterations in the heart, potentially leading to conditions like arrhythmias and ischemia.
Additionally, stress sets the stage for thrombosis, the onset, or progression of
atherosclerosis, and coronary heart disease. This complex interplay of physiological
and pathomorphological changes contributes to the development and advancement of
many cardiovascular diseases. There exists a direct correlation between stress levels,
average daily blood pressure, and heart rate [143].

The inclination towards experiencing stress, of varying degrees of severity, is a
characteristic that applies to every individual, regardless of their socio-economic status.
In the United States, as many as 90 % of adults encounter periodic episodes of stress,
with 60 % facing stress-inducing factors 1-2 times a week, and 30 % experiencing them
on a daily basis. Remarkably, in two-thirds of cases, visits to healthcare professionals
are prompted by diseases and conditions rooted in the impact of stressors. The annual
economic expenditure for treating and rehabilitating individuals affected by stress-

related issues in the United States is estimated to be around $300 billion [144].
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Data from the World Trade Center Health Registry were used to analyze adult
enrollees from New York State who had no prior history of cardiovascular disease at
the time of enrollment (n = 46,346). This data was linked with New York State's
hospital discharge-reporting system.

The study found an increased risk of hospitalization related to cerebrovascular
or cardiovascular diseases, particularly among women (adjusted hazard ratio 1.32,
95 % confidence interval [CI] 1.01 to 1.71). However, this increased risk was not
observed in men (AHR 1.16, 95 % CI 0.97 to 1.40). It's important to note that all
patients in this study had post-traumatic stress disorder. Among those who were either
evacuated from the World Trade Center or involved in its restoration, there was a
notably high rate of hospitalization for cardiovascular diseases in men, whereas the
data for women were less clear. This observation primarily pertained to the diagnosis
of “ischemic heart disease”. Furthermore, stress was associated with an elevated rate
of hospitalizations for cerebrovascular disorders in men but not in women [ 145].

In a separate study, the Japan Collaborative Cohort Study for the Assessment of
Cancer Risk examined the impact of stress perception on health outcomes. This study
involved over 70,000 participants aged 40 to 79 years, with exclusion criteria including
a history of stroke, ischemic heart disease, or cancer. Among women experiencing
severe stress, the risk of death from stroke and coronary artery disease was twice as
high as those not reporting severe stress, and the risk of any cardiovascular disease was
1.5 times higher. In men, while the effect was less pronounced, chronic stress was still
associated with an increased risk of myocardial infarction [146].

Another study, conducted by different authors, reported the findings of a 20-year
survival analysis of patients with coronary heart disease (CHD) who were consistently
exposed to emotional stress [10]. The researchers discovered that among the group of
patients subjected to persistent and pronounced stress, the survival rate was notably
lower after just 3 years compared to the groups with no stress or low-intensity stress.
Furthermore, this difference became even more pronounced after 10 and 20 years of

observation.
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It's worth noting that various treatments are employed to manage stress. These
treatments include the use of medications such as antidepressants, neuroleptics,
nootropics, and tranquilizers. Additionally, vitamin therapy involving vitamins B and
C 1s utilized. Non-pharmacological approaches like aromatherapy, engaging in sports,
and practicing yoga are also employed as strategies to address and alleviate stress
[148-150].

Neurocirculatory dystonia (NCD) is a neurogenic symptom that arises due to
various triggering factors. It is characterized by unstable pulse and blood pressure
readings, chest pain (cardialgia), breathing difficulties, autonomic dysfunction, muscle
and vascular tone irregularities, and reduced tolerance to normal physical activity and
stressful situations. NCD results from an imbalance in the autonomic nervous system
(ANS), with the specific form of NCD depending on the predominant activity of either
the sympathetic or parasympathetic part of the ANS [151].

NCD 1is not considered a standalone illness but rather a condition often
associated with a range of symptoms, primarily affecting the cardiovascular, nervous,
and respiratory systems. It is most frequently diagnosed in young individuals, who may
later develop various cardiovascular issues. This higher prevalence among the younger
population is attributed to the discrepancy between physical development and the
slower maturation of the neuroendocrine system. Contributing factors to the
development of NCD include intoxication, acute and chronic infections, fatigue,
regular sleep deprivation, poor dietary habits, physical overexertion, frequent changes
in sexual partners, and exposure to stress. Additionally, a genetic predisposition can
play a role in some cases.

There are three recognized types of neurocirculatory dystonia: cardiac,
hypertonic, and antihypertensive. When symptoms become particularly intense,
leading to constant irritability or sleep disturbances, various treatments are
recommended. These may include medications like phenobarbital, valerian-based
preparations, oxazepam, and other tranquilizers. Medicinal treatments can also involve

valerian and motherwort-based preparations, tranquilizers such as tofisopam,
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antidepressants like amitriptyline, nootropic drugs including piracetam, and cerebral
angiocorrectors such as vinpocetine [152].

Cardiac neurosis is classified as a functional disorder affecting both the
cardiovascular and nervous systems. Its pathogenesis is primarily associated with the
diminished regulatory function of the cerebral cortex, leading to disruptions in the
functions of the subcortical centers of the autonomic nervous system. Stress, mental
strain, and physical exertion often serve as triggers for cardiac neurosis. Stress, in
particular, can lead to a sudden release of adrenaline, which can have adverse effects
on the heart and its function. The consumption of coffee, alcohol, and smoking also
plays a significant role in disrupting the autonomic regulation of the cardiovascular
system. It's important to note that individuals of all age groups can be at risk of
developing this condition [153-155].

The most common symptom of cardiac neurosis is chest pain, often radiating to
the left arm and shoulder blade. Even mild agitation can lead to irregularities in heart
rhythm (arrhythmia), sensations of “heart fluttering”, palpitations (tachycardia), or a
strong pulsation felt throughout the body. Other possible symptoms include
breathlessness or a feeling of breathlessness, a mild increase in body temperature
(subfebrile), fluctuating blood pressure, digestive disturbances like vomiting and
nausea related to eating, wheezing, and abdominal pain. General weakness, fatigue
even with minor physical exertion, headaches, signs of asthenia (lack of energy), sleep
disturbances or drowsiness, sudden sensations of heat or cold, facial and chest redness,
increased sweating, cold and numb extremities, tingling sensations, and a sense of
impending doom or tearfulness may also manifest [153-155].

During the acute phase of treatment, the use of tranquilizers and beta-blockers is
typically recommended. Subsequent medical therapy aims to alleviate the signs of
cardiac neurosis, promote relaxation, and alleviate unpleasant symptoms. It may
include herbal preparations and a combination of vitamins and minerals, particularly
those high in magnesium and B-group vitamins. Research suggests that suitable herbal
choices for treatment may include hawthorn, valerian, motherwort, passiflora, mint,

yarrow, marigold, and others [154-155].
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Hypertension, particularly in stages 1 and 2, can be influenced by stress. Stress-
induced arterial hypertension refers to a sudden rise in blood pressure due to psycho-
emotional factors. It can affect individuals with previously normal blood pressure as
well as those with pre-existing hypertension [143]. This condition is notably prevalent
among young urban dwellers, with a substantially lower likelihood of occurrence in
rural areas. In older individuals, stress can trigger irregular heart rhythms, and it also
increases the risk of heart attacks and strokes.

During periods of stress, various physiological parameters undergo changes:
heart rate increases, respiration becomes more rapid, smooth muscle tone is altered
(including in the gastrointestinal tract), pupil diameter shifts, blood pressure rises, and
blood glucose concentration elevates. These changes collectively prepare the body for
survival in high-stress situations. However, when stress becomes a daily occurrence,
the mechanisms responsible for the cardiovascular system's function in stressful
conditions are consistently activated, leading to pathological changes in organs
involved in regulating blood circulation. Over time, this can result in a gradual increase
in blood pressure [156-157].

A striking example of the impact of prolonged stress is seen during the
earthquake in southern Italy, where the constant exposure to stress factors led to a
significant and sustained increase in blood pressure. On average, systolic arterial
pressure increased by 20 %, while diastolic arterial pressure rose by 46 % [158]. This
underscores the potent influence of chronic stress on blood pressure regulation.

Angina pectoris, a form of coronary heart disease, is primarily characterized by
the presence of pain symptoms. It is more commonly observed in mature and elderly
individuals, affecting both males and females. However, the incidence varies with age,
with different risk periods for each gender. Angina is primarily a result of
atherosclerosis in the coronary arteries. Sudden angina attacks can be triggered by
factors such as excessive stress, physical exertion, smoking, excessive alcohol
consumption, exposure to a smoky or dusty environment, and extremely cold
temperatures. Typically, the pain occurs in the early morning hours. Various

meteorological and geomagnetic factors, high humidity, and fluctuations in
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atmospheric pressure can also provoke angina pain. Remote risk factors that accelerate
and exacerbate angina development include conditions like diabetes mellitus, obesity,
a sedentary lifestyle, frequent mental stress, alcoholism, and a diet high in salty, fatty,
and refined carbohydrate-rich foods. Symptoms of angina can often be relieved with
the use of nitroglycerin [159-160].

Certain medicinal plants containing antiatherosclerotic substances have been
identified as beneficial in managing angina and coronary heart disease. These plants
include corn (specifically the female inflorescence and young silk), hawthorn (both
flowers and fruits), rose hips, mountain arnica flowers, Jacob's-ladder roots, elderberry
leaves, black chokeberry fruits, common nettle, garlic, beet, and carrots. Herbal
infusions are not typically used to alleviate pain but rather to provide a prophylactic
effect. Therefore, they are often used over an extended period, usually in combination
with other medications or treatments [161-162].

Jitters, or nervous excitement, is a biological process driven by nerve impulses
that activate various components of the body. This process of excitation occurs in all
organs composed of nervous and muscular tissue, as well as in glands. One
characteristic feature of muscle excitation is the contraction of the muscle. In nerve
cells, excitation leads to the generation of nerve impulses, while glandular cells release
secretions. An essential property of excitation is its ability to travel along nerve fibers,
establishing a physiological connection between all systems and elements within the
organism, promoting their functional integration. To effectively alleviate anxiety and
nervous excitement, the use of specific medicinal herbs is recommended [163].

Current data on phytopreparation safety and estimation benefit/risk ratio.
Autonomic dysfunction represents a significant challenge in modern medicine.
Symptoms of neurocirculatory disorders, combined with various manifestations of
autonomic imbalance, are observed in a substantial percentage of patients, including
those under the care of therapists and family doctors (25-30 %) and cardiac patients
(30-50 %) [163].

It is now widely accepted that NCD is an integral component of the clinical

presentation of neurosis, which, in turn, is often the primary cause of NCD. Many
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forms of neurosis accompanied by NCD symptoms are now considered as part of a
broader spectrum of pathologies known as psychosomatic disorders [164].

The pathogenesis of psychosomatic diseases is intricate and multifaceted. It
involves crucial aspects of neurohumoral regulation, including structures in the CNS
such as the hypothalamic-pituitary and limbic systems, regulatory centers in the
cerebral cortex, and adrenal glands. However, chronic stress is the central factor in the
development of psychosomatic pathology. Chronic stress plays a pivotal role in
initiating a complex chain of events leading to psychosomatic diseases, primarily
affecting the nervous or cardiovascular systems, digestive system, or other systems
[165].

The most prevalent clinical presentation of NCD is the cardiovascular syndrome.
NCD with hypersympathicotonia, constant or crisis-driven increases in blood pressure,
and severe tachycardia holds the greatest clinical significance. This form of NCD
carries an elevated risk of developing conditions such as coronary artery disease,
hypertension, arrhythmias, and cerebral circulation disorders. Therefore, the
appropriate pharmacotherapy for this variant of NCD is particularly relevant [166].

Effective treatment of autonomic dysfunction often involves a combination of
traditional somatic therapy (e.g., antihypertensive drugs, coronary agents, beta-
blockers, proton pump inhibitors) and neuropharmacological agents that target the
central mechanisms of dysregulation.

Psychoemotional imbalance is a common feature of autonomic vascular
dystonia, significantly affecting the quality of life and contributing to a pathogenetic
“vicious circle” of stress-induced CNS disorders. The normalization of both the
psychoemotional sphere and vegetative disorders can be achieved through appropriate
therapeutic agents with sedative and vegetative stabilizing properties, with
phytopreparations playing a prominent role.

In recent years, combined phytopreparations that aid in normalizing central
regulatory mechanisms associated with the development of psychosomatic pathology
have gained popularity. These preparations stabilize the relationship between the

cortex and subcortical structures, which are disrupted in autonomic vascular dystonia
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and psychoemotional imbalance. Key advantages of herbal preparations include their
ability to combine proven, effective combinations of biologically active substances in
one dosage form, reduce the need for multiple medications while maintaining or
increasing treatment effectiveness, enhance patient and physician compliance, and
improve the economic accessibility of treatment [167-169].

One such phytopreparation is Carvelis (Dr. Gustav Klein GmbH & Co. KG,
Germany), available in the form of oral drops. It contains the essential components
mentioned, including extracts of hawthorn leaves, flowers, and fruits; motherwort herb;
melissa leaves; and valerian root. Carvelis i1s indicated for the treatment of various
psycho-related disorders, including NCD, cardiac neurosis, stages 1-2 arterial
hypertension, stages 1-2 angina, stress-induced arrhythmias, and as
pharmacoprophylaxis for managing excitement, stress, and emotional lability in
chronic stress.

Hawthorn is a plant that boasts a rich composition of vitamins and other
biologically active substances. In its berries, you can find various vitamins, including
A, K, C, and E, as well as B-group vitamins. Hawthorn berries also contain saponins
and flavonoids, starch and fructose, organic acids, essential oils, pectin, choline, and
sorbitol. Some of the substances found in hawthorn are exceptionally rare in other
edible fruits and plants, making it unique. For instance, ursolic acid, found in hawthorn,
possesses antimicrobial properties and promotes vasodilation [170-171].

Preparations made from hawthorn have a mild diuretic effect, exhibit antitumor
activity, and have a positive impact on cardiac stimulation. The acids in hawthorn fruit
are beneficial for the skin and have rejuvenating effects. The use of hawthorn berries
promotes active cell regeneration. The therapeutic properties of hawthorn fruit are
particularly pronounced in the cardiovascular system. Substances from hawthorn
berries dilate coronary vessels, ease the work of cerebral arteries, and improve blood
oxygen saturation, leading to reduced dizziness, headaches, stabilized sleep, and
decreased daytime fatigue. Hawthorn has been proven to have hypotensive, coronary-
dilating, antiarrhythmic, and cardioprotective effects. Its unique characteristic lies in

its regulatory and stabilizing action, which is effective in various manifestations of
61



cardio neurosis, such as tachycardia, cardiac discomfort, cardialgia, and blood pressure
instability. Additionally, hawthorn is an effective cardiotonic agent with pronounced
antihypoxic and antioxidant effects [170-172].

The substances found in hawthorn berries strengthen blood vessels, lower
harmful cholesterol levels, and improve blood coagulation, reducing the risk of
developing atherosclerotic plaques. Adverse effects are minimal at recommended
dosages. The primary contraindication is individual intolerance. It should be used with
caution during pregnancy and breastfeeding, as hawthorn can increase uterine tone.
Special care is needed for patients in the post-stroke period and individuals with severe
kidney disease. In such cases, consultation with a healthcare provider is
essential [173-174].

Data from 687 individual patients treated with quantified hawthorn extract or a
placebo in ten studies were analyzed. The study evaluated the effect of treatment on
patients' physiological parameters and disease symptoms, as well as their relationship
with symptom severity and gender. The study found that the reduction in the severity
of typical symptoms (reduced exercise tolerance, exertional dyspnea, weakness,
fatigue, and palpitations) was associated with more active treatment, particularly in
patients with more severe symptoms. However, there was a weak correlation between
improvements in physiological parameters and symptoms. Therefore, the effect of
hawthorn extract treatment on physiological outcomes and typical symptoms was
modulated by symptom severity. Across all differences, the benefits were similar in
both male and female patients with reduced physical capacity due to early chronic heart
failure [175].

Fourteen clinical trials were reviewed in the Cochrane database, all of which
were randomized, double-blind, placebo-controlled studies using hawthorn leaves and
flowers. These trials involved 855 patients with chronic heart failure (Classes I-III
according to the New York Heart Association classification). The results showed that
the use of hawthorn extract significantly improved maximum workload, exercise
tolerance, and the pressure-heart rate product (an index of cardiac oxygen

consumption). Additionally, symptoms like dyspnea and fatigue were significantly
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alleviated with hawthorn extract treatment compared to a placebo. No data on mortality
or cardiac diseases were reported, except in one study that mentioned deaths without
further details. Side effects of hawthorn were rare, mild, and transient and included
symptoms like nausea, dizziness, and minor gastrointestinal complaints [176].

Clinical trials conducted in European Union countries involving 1,780 patients
did not observe acute toxicity. Between 1992 and 2011, approximately 810 million
doses of dry extract from hawthorn leaves and flowers were sold in the European
market [177].

Motherwort is a plant known for containing several beneficial substances,
including alkaloids, glycosides, polysaccharides, saponins, tannins, essential oils, and
vitamins. Its mechanism of action is attributed to its activation of gamma-aminobutyric
acid (GABA) receptors, as well as its role in normalizing neurotransmitter balance.
This includes increasing the activity of inhibitory GABA-ergic systems and weakening
the activating catecholaminergic systems in the brain through modulation of
neurotransmitter release, reuptake, and receptor binding [178].

In addition to its central sedative, mild anti-anxiety, and hypnotic effects,
motherwort preparations offer valuable benefits in the context of vegetative-vascular
dystonia. These include antispasmodic, antihypertensive, and anti-anginal effects, as
well as increased cardiac output and a reduction in heart rate [179].

Officially, motherwort is prescribed in cases of neurosis (in various forms),
hysteria, myocarditis, cardiosclerosis, and cardiovascular insufficiency of degrees
I and II within conventional medicine. In traditional medicine, it is used for various
nervous disturbances, anxiety, hypertension, and to improve sleep and overall well-
being. While there are no significant contraindications, it is not recommended for
individuals with hypotension. Prolonged use can occasionally lead to allergic reactions
or complete intolerance, although this is quite rare [ 180-181].

Motherwort is well-known and widely utilized in Chinese medicine. Reviews
[182-183] provide an overview of its chemical composition, emphasizing its biological
activity and ethnopharmacology. The authors describe mechanisms that could underlie

its protective effects in cardiovascular bypass, such as the inhibition of intracellular
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active forms of oxygen (ROS) and various cellular mechanisms involved in preventing
apoptosis. Additionally, the authors suggest that motherwort's unique modulation of
intracellular calcium homeostasis may explain its cardiovascular protective effects.

Motherwort, as an herbal substance, has been used in the European Union for
over 30 years and has been included in official pharmacopeias for more than 50 years.
Continuous use in the form of herbal tea has been recorded for almost 400 years. For
example, in Lithuania, 98 thousand packets of 25 ml tincture were packaged in 2008,
and over 350,000 packages were sold from 2003 to March 2009 [184].

Valerian is a plant that contains over 120 chemical components, with essential
oils, valpotriates, amino acids, salts of organic acids, phenolic compounds, and
alkaloids being among the most important from a clinical perspective [185]. Its primary
effect is central nervous system sedation, which helps restore emotional balance,
alleviate headaches, reduce anxiety, and improve overall productivity. Valerian also
has a positive impact on the cardiovascular system, making it suitable for conditions
characterized by increased heart rate, angina pectoris, and heart pain. The substances
found in the root of the valerian plant have a vasodilatory effect.

In Germany, from the 1980s to the 1990s, approximately 300 clinical trials on
combined herbal preparations were conducted, including 10 preparations based on
valerian. According to evidence-based medicine criteria, all valerian-containing
preparations were found to be clinically effective in treating various forms of
therapeutic and neurological conditions, especially psychosomatic diseases of
cardiological and gastroenterological profiles [186].

Valerian is generally considered safe; however, at high doses or when exceeding
the recommended course of treatment, individuals may experience unpleasant side
effects such as reduced alertness, drowsiness, lethargy, and gastrointestinal
disturbances. Prolonged use beyond two months or substantial doses beyond
recommendations can lead to gastrointestinal issues, depression, drowsiness, nausea,
and headaches. Valerian should be avoided by individuals with intolerance to its

components and those suffering from enterocolitis [187-188].
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An open, prospective cohort study conducted in Germany compared valerian
with the homeopathic preparation Neurexan in 409 individuals suffering from
insomnia. The study evaluated sleep duration and insomnia based on daily patient
records over 14 days, with sleep quality assessed after 28 + 1 days. After 14 days of
treatment, both therapies showed improved sleep duration compared to baseline, with
reported side effects including headache, dizziness, paradoxical stimulation, anxiety,
and cardiac abnormalities [189].

Another prospective, uncontrolled, non-interventional observational study
conducted in Germany included 807 patients with various symptoms, including
anxiety, sleep disturbances, fatigue, and gastrointestinal disorders, who were treated
with Neurexan or various valerian extracts. Symptoms improved in both treatment
groups, and compliance with the treatment was high. No side effects were reported in
the valerian extract group [190].

A study aimed to determine whether a valerian-lemon balm combination could
improve sleep in menopausal women. The research used a clinical randomized testing
approach and found that valerian-lemon balm supplements could enhance sleep
duration and quality in menopausal women with sleep disturbances. Furthermore, no
adverse effects were reported during the treatment [191].

Valerian root preparations have a high degree of use in EU member states, with
sales exceeding 50 million units in 2002, and nearly 50 % of these sales occurring in
Germany. Side effects associated with valerian root consumption are primarily related
to the gastrointestinal tract, such as nausea and abdominal colic (frequency unknown).
In the EU, traditional use of valerian and its preparations is considered to pose minimal
risks due to minimal side effects [192].

Melissa, also known as lemon balm, is a plant that contains various beneficial
compounds, including organic acids, saponins, flavonoids, resins, tannins, essential
oils, copper, manganese, iron, potassium, selenium, zinc, magnesium, calcium, and
vitamins from groups B and C.

One notable component of Melissa is amber acid, which acts as a potent natural

antioxidant. It effectively protects cells in the brain and peripheral organs from the
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damaging effects of free radicals, which are often associated with chronic stress.
Melissa also possesses properties as a psychoemotional stabilizer and cognitive
activator, potentially improving mood and cognitive functions. This effect may be
attributed to its modulation of the cholinergic and monoaminergic systems in the brain.
Additionally, Melissa has spasmolytic (muscle-relaxing) properties [193].

Long-term use of Melissa-based preparations can lead to several benefits,
including the reduction of arterial pressure, relief from nervous tension (e.g., night
tremors), diuretic effects, and the normalization of heart rhythm. Melissa is known to
rapidly and effectively lower heart rate, potentially contributing to an extended
lifespan. Furthermore, Melissa can influence various metabolic processes in the body,
enhance liver and brain functions, alleviate feelings of heat, and assist in bile
elimination [194].

While there are no strict contraindications for using Melissa-based medications,
there are some situations where its use is not recommended by medical professionals.
These include individuals with hypotension (low blood pressure) and individuals
engaged in activities that require heightened concentration, motor skills, or rapid
psychological reactions, such as driving a motor vehicle [194-195].

Melissa is a traditional herbal remedy, and its use is based on a long history of
usage for specific indications. Traditional uses for Melissa include its use as an herbal
preparation for alleviating mild symptoms of mental stress and insomnia, as well as for
the symptomatic treatment of minor gastrointestinal complaints, such as abdominal

distension and flatulence [194-195].

4.2. Complex action of phytopreparation characteristics and risk
assessment

The optimization of pharmacotherapy for vegetative-vascular dystonia,
including neuro-circulatory dystonia, can indeed be achieved through the use of
combined preparations containing hawthorn, motherwort, melissa, and valerian. These
herbal components have demonstrated a high degree of safety when used in therapeutic

doses. The side effects associated with these herbs are typically limited to individual
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intolerance or excessive doses, resulting in increased sedation, drowsiness, weakness
(for valerian, motherwort, and melissa), or minor dyspeptic disorders, hypotension, and
bradycardia (for hawthorn). Adjusting the dosage can help alleviate these side effects.

Combined phytopreparations can be prescribed to a range of patients, including
young people with functional disorders (autonomic dysfunction syndrome) or chronic
fatigue syndrome, as well as elderly patients with age-related cardiovascular changes
and decreased exercise tolerance, where active therapy (such as antihypertensive
medications or symptomatic treatment for coronary heart disease) may not be
immediately necessary. These preparations can also enhance the effectiveness of
complex therapy for conditions like arterial hypertension, coronary artery disease, and
heart failure, due to the presence of hawthorn. Additionally, individuals prone to
excessive vegetative reactions to social stimuli, significant physical activity
accompanied by palpitations and shortness of breath, or meteosensitivity can benefit
from using these preparations either regularly or on an as-needed basis [196].

The combined phytopreparation provides a comprehensive, multimodal effect
on the nervous system, cardiovascular system, and vasculature. It offers sedative,
antihypertensive, antiarrhythmic, coronarolytic, cardioprotective, and vegetative-
stabilizing effects. This combination of effects is essential for the successful treatment
of various manifestations of vegetative dystonia, addressing both central nervous
system and cardiovascular system involvement. Importantly, these preparations do not
typically lead to addiction, withdrawal syndromes, or excessive sedation, allowing
patients to maintain their social activity throughout treatment.

Although the preparation consists of individual herbal medicines, it should be
considered as an active drug with a synergistic effect when used in combination, rather
than merely a collection of individual herbs (Table 4.1).

The use of medicinal herbs in phytopreparations for improving sleep and
addressing conditions related to psycho-emotional stress has a long history of
traditional use. Scientific studies conducted over the past 20 years, involving thousands
of participants, have provided evidence supporting the positive effects of valerian in

the treatment of sleep disorders [197]. The European Medicines Agency has also
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recognized the traditional use of herbal medicinal products containing Leonurus
cardiaca L., herba, Crataegus spp. (hawthorn), and Melissa officinalis L. in addressing

nerve stress, heart-related complaints, and sleep disturbances [177, 184, 192, 195].

Table 4.1 — Basic safety issues
Nature of the risk factors Unfavorable (side) effects
Important identified risks | Reactions of hypersensitivity
Depression and other disorders accompanied by
inhibition of the central nervous system
Pronounced arterial hypotension

Bradycardia

Important potential risks | Severe liver dysfunction

Lack of information The use of preparation during pregnancy and
breastfeeding

Application of the drug to children

Conditions related to psycho-emotional background disturbances, such as mood
disorders and depression, can significantly reduce an individual's efficiency and quality
of life, impacting both the patient and their loved ones. Studies have shown that these
conditions, much like cardiovascular diseases, are becoming increasingly prevalent.
For example, approximately 10 % of the total U.S. population, or about 19 million
people, suffer from depression. According to the WHO, depressive disorders accounted
for 40 % of all recorded mental illnesses worldwide in 2000. In developed countries,
health authorities are actively seeking ways to address this issue. While modern
antidepressants can be effective, their success rate does not exceed 70 %, and some
individuals are resistant to these drugs. This has led to an intensive search for new
antidepressants.

Phytotherapy, which involves the use of medicinal plants, offers a promising
approach to addressing these psycho-emotional conditions. Phytotherapeutic remedies
generally have fewer side effects and produce milder effects compared to
pharmaceutical drugs, making them suitable for use in the early stages of conditions or

for prevention. Sedative medications, which are available over-the-counter and are
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often used without a doctor's prescription, play a significant role in supporting
emotional well-being [198-199].

The prevalence and impact of conditions such as neurocirculatory dystonia,
stress, nervous excitement, and heart neurosis are indeed significant medical and social
problems. These conditions can have a profound effect on individuals' well-being and
daily functioning.

Phytopreparations like Carvelis, which contain components known for their
efficacy in addressing these conditions, offer a potential solution. It's important to
consider the risks associated with any treatment, but in the case of phytopreparations,
these risks are generally predictable and manageable. Physicians can assess patients
for contraindications and carefully monitor their response to treatment. If side effects
or adverse reactions do occur, there are often alternative treatments available.

Ultimately, the benefit of using phytopreparations, especially when the risks are
understood and manageable, can outweigh the potential drawbacks. Many individuals
find relief from their symptoms and an improvement in their quality of life through the
use of these herbal remedies. However, it's crucial for patients to work closely with
healthcare professionals to determine the most appropriate treatment approach for their

specific needs and circumstances.
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CHAPTERSS.

PERSPECTIVE FIXED COMBINATION FOR THE TREATMENT OF THE
HEPATOBILIAR SYSTEM DISEASES: SUBSTANTIATION OF
PHARMACOTHERAPEUTIC PROPERTIES AND PHARMACEUTICAL
QUALITY PROFILE

Chronic hepatobiliary diseases represent a significant global health concern,
ranking second only to atherosclerosis in terms of prevalence. According to the WHO,
over 2 billion people worldwide are affected by liver diseases, making it 100 times
more prevalent than HIV infection. Over the past two decades, there has been a
noticeable upward trend in the incidence of hepatobiliary diseases. This increase is
particularly concerning given that these diseases are now affecting individuals at a
younger age and are disproportionately more common in women, occurring 4-7 times
more frequently in women than in men. WHO experts estimate that in Europe, one in
every five women and one in every ten individuals overall suffer from liver and biliary
tract pathologies. This growing burden underscores the need for targeted healthcare
strategies and interventions to prevent, diagnose, and treat these conditions effectively,
thereby alleviating their impact on individuals and healthcare systems [52, 200].

The high prevalence of gallbladder removal (cholecystectomy) as the most
frequently performed surgical procedure in abdominal medicine highlights the
widespread occurrence of biliary system disorders. This trend is particularly
concerning due to the increasing number of young and even infant patients diagnosed
with cholelithiasis, a condition characterized by the formation of gallstones. Biliary
system disorders are intricately linked to disruptions in the functional health of the
liver. In cases where the synthesis of cholesterol-enriched bile occurs alongside
reduced bile acid content, the risk of gallstone formation, particularly cholesterol-based
gallstones within the gallbladder, significantly escalates [201-204].

In recent years, there has been a growing emphasis on the development of
polyfunctional drugs to address the complex health issues seen in a rising number of

patients with polymorphic pathology. Nowadays, medical practitioners frequently
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encounter patients who present not with a single ailment but with multiple concurrent
health conditions. According to contemporary statistics, approximately 80 % of
patients seeking medical attention exhibit polymorbidity, where multiple health issues
coexist. The underlying causes of polymorbidity often include the proximity of affected
organs, shared pathogenic mechanisms, and causal relationships between different
ailments. This scenario is particularly relevant in the context of hepatobiliary diseases
and conditions stemming from metabolic disorders such as metabolic syndrome,
diabetes mellitus, and atherosclerosis. The liver, being the primary organ for
metabolism, occupies a central role in the development of these conditions.
Polymorbidity typically necessitates the use of multiple medications, leading to
polypharmacy. Therefore, the utilization of natural and safe agents that possess
multifunctional properties for normalizing disease pathogenesis is advisable. These
agents can help reduce the need for a multitude of drugs and mitigate the potential
adverse effects associated with polypharmacotherapy [53, 54, 205-207].

In a previous study, the safety of a pharmaceutical combination containing
artichoke leaf extract (200 mg), ursodeoxycholic acid (100 mg), taurine (100 mg), and
Angelica sinensis root extract (50 mg) was scientifically substantiated. This preparation
was formulated for the treatment of dyspeptic disorders associated with functional
abnormalities of the biliary system, specifically targeting biliary dyskinesia of the
hypokinetic type, as well as gastritis characterized by the reflux of bile [5, 55-56].

General characteristics of active pharmaceutical ingredients

The proposed pharmaceutical composition is a fixed combination of drugs with
well-studied medical applications.

Ursodeoxycholic acid (UDCA) is a naturally occurring bile acid in the human
body and is an epimer of chenodesoxycholic acid. It is characterized by its hydrophilic
and non-cytotoxic properties. UDCA has been used as a medicinal product in global
medicine for over three decades, and for more than 20 years in Ukraine [15, 16].

Initially, UDCA was recommended for the dissolution of gallstones and the

treatment of reflux gastritis. Today, it is considered a standard treatment for cholestatic
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liver diseases with an autoimmune component, such as primary biliary cirrhosis (PBC)
and primary sclerosing cholangitis (PSC), among others. In Ukraine, it is classified
within the pharmacotherapeutic group of drugs used for liver and bile duct diseases,
under the ATC code AOSAA02 [60, 208].

UDCA is naturally present in small amounts in human bile. When administered
orally, it reduces the saturation of bile with cholesterol by slowing down cholesterol
absorption in the small intestine and decreasing cholesterol secretion into bile. This
process can lead to the partial dissolution of gallstones as a result of cholesterol
dissipation and the formation of liquid crystals. In modern understanding, UDCA is
believed to be effective in hepatitis and cholestatic diseases due to its ability to replace
toxic, lipophilic bile acids with hydrophilic, cytoprotective, non-toxic ursodeoxycholic
acid. It also improves hepatocyte secretory function and modulates immune
processes [60, 208].

UDCA stabilizes the membranes of hepatocytes and cholangiocytes and has a
direct cytoprotective effect. It reduces cell death caused by toxic bile acids. Due to its
highly polar molecule, UDCA can form non-toxic mixed micelles with apolar (toxic)
bile acids, reducing their ability to damage cell membranes in conditions like biliary
reflux gastritis and reflux esophagitis. Additionally, UDCA forms dual molecules that
can be incorporated into cell membranes, stabilizing them and making them less
susceptible to the action of cytotoxic micelles. It also lowers cholesterol saturation in
bile by inhibiting its absorption in the intestine, reducing hepatic synthesis, and
decreasing bile secretion. These actions increase cholesterol solubility in bile, leading
to the dissolution of cholesterol gallstones and preventing the formation of new ones.
UDCA induces choleresis enriched with bicarbonates, promoting the dilatation of bile
ducts and enhancing the excretion of toxic bile acids through the intestines [60, 208].

UDCA also exhibits immune-modulating effects by inhibiting the expression
of HLA-antigens on hepatocyte and cholangiocyte membranes, normalizing natural
killer lymphocyte activity, and more. It has been shown to slow down fibrosis

progression in conditions such as primary biliary cirrhosis, cystic fibrosis, and
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alcoholic steatohepatitis. Additionally, it reduces the risk of developing esophageal
varices [76, 209-211].

Taurine. The second component of the drug is taurine, which is a sulfonic acid.
Taurine is naturally formed in the body from the amino acid cysteine [60, 208]. It is
typically found in small quantities in the tissues and bile of both humans and animals
[67,212].

Taurine 1s synthesized in the body through an enzymatic process that involves
the oxidation of the sulthydryl group of cysteine with the participation of cysteine
dioxygenase, leading to the formation of cysteine sulfinic acid:

HSCH>;CH(NH2)COOH — HO,SCH>CH(NH2)COOH, (5.1)
followed by decarboxylation of cysteine sulfic acid in hypotaurine:
HO>SCH>CH(NH2)COOH — HO>SCH>CH>NH2>, (5.2)
and oxidation of hypotaurine in taurine [213]:
HO>SCH>CH2NH2 — HO3SCH2CH2NHo. (5.3)

Taurine forms conjugates with bile acids through acylation of the amino group,
leading to the formation of conjugates such as taurocholeic and taurodeoxycholic acids.
These conjugates are essential components of bile and act as surfactants, aiding in the
emulsification of fats in the intestine. Taurine plays a role in lipid metabolism,
enhances energy and metabolism, and promotes tissue healing in conditions
characterized by significant metabolic disturbances [60, 67, 208].

Furthermore, taurine exhibits hepatoprotective, cardiotonic, and
antihypertensive properties when administered systemically. It is utilized in the
treatment of conditions like congestive heart failure, cardiac glycoside poisoning, and
both type 1 and type 2 diabetes mellitus [69-72]. Taurine is frequently included in
complex pharmaceutical formulations and belongs to the pharmacotherapeutic group
of amino acids, with the ATC code SO01X A 21. Similar to ursodeoxycholic acid, it has
been used as a medicinal product in global medicine for more than three
decades [67, 208].

Artichoke leaves extract. The third pharmacologically active substance in the

drug is an extract from artichoke leaves (Cynara cardunculus var. scolymus). This
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herbal remedy belongs to the pharmacotherapeutic group of agents used in liver and
bile duct diseases, with the ATC code AOSAX10. It possesses several beneficial
effects, including choleretic, diuretic, hepatoprotective, and hypolipidemic properties.

Artichoke leaf extract promotes increased bile excretion, facilitates the
elimination of nitrogen-containing substances like urea and creatinine, aids in the
removal of toxins from the body, reduces blood lipid and total cholesterol levels, and
alleviates sensations of stomach fullness while relieving spasms. These
pharmacological effects are attributed to a combination of biologically active
compounds found in the preparation, including cynarine, chlorogenic acid, ascorbic
acid, carotene, B-group vitamins, and inulin. Cynarine, the primary active ingredient,
is responsible for its choleretic effect, although its cholekinetic effect is less
pronounced. Ascorbic acid, carotene, vitamins Bl and B2, and inulin present in
artichokes contribute to the normalization of metabolic processes.

Artichoke leaf extract is indicated for use in dyspeptic symptoms, impaired
biliary outflow, chronic hepatitis, gallbladder hypokinesia, chronic intoxication,
chronic renal insufficiency, urolithiasis, urate-related conditions, atherosclerosis, and
obesity as part of comprehensive therapy [215-218]. Similar to UDCA and taurine,
artichoke extract has been utilized as a medicinal product in global medicine for more
than three decades [67, 208].

Angelica sinensis extract. The fourth pharmacologically active substance in
the drug is an extract from Angelica sinensis, commonly known as Danggui. This
herbal remedy belongs to the pharmacotherapeutic group of other agents applied to
functional disorders of the gastrointestinal tract, with the ATC code A03AX20.
Angelica sinensis (Oliv.) Diels is a traditional medicinal and edible plant that has a long
history of use for various purposes.

Angelica sinensis has been traditionally utilized for tonifying, replenishing, and
invigorating blood, as well as for relieving pain, promoting intestinal lubrication, and
treating irregular menstruation and amenorrhea in females. Additionally, A. sinensis

has gained popularity as a health product and is increasingly used in China, Japan, and
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Korea [219]. The plant's yellowish-brown root, harvested in the fall, has been a well-

known component of Chinese medicine for thousands of years.

Review of biopharmaceutical trials

UDCA is a naturally occurring component in the normal metabolism of bile
acids within the body. Its physico-chemical properties and the site of its physiological
action suggest that it is best administered orally in capsule or tablet form. Research has
shown that the degree of enrichment of bile with UDCA is generally independent of
the dosage form or the frequency of daily doses but rather depends on the total daily
dose [67, 208].

Nevertheless, ongoing research is exploring new UDCA dosage forms. One
such formulation is based on UDCA and is coated with a specially developed capsule
film that dissolves in the stomach and releases the active substance only at a pH level
of 6.5 or higher [220]. In a study comprising 12 healthy volunteers, serum levels of
UDCA were assessed following a single oral dose of 450 mg of UDCA in three distinct
dosage forms: enteric-clearing capsules, solid gelatin capsules, and conventional
gelatin capsules. The drug was administered subsequent to a meal. The results showed
that the area under the curve (AUC, mmol/l) after oral administration of the enteric-
coated UDCA capsule was significantly higher (39.0 + 8.5) compared to conventional
capsules (30.5 £4.9), both solid and non-enteric capsules (29.3 + 3.4). Furthermore,
the maximum serum UDCA concentration was significantly higher with the enteric-
coated capsules compared to the other two formulations, although the time to reach
maximum UDCA concentrations in serum was delayed. This suggests that the new
capsule releases its contents into the intestine at a stage with the most alkaline pH,
which is caused by the secretion of bile and pancreatic secretions. This improved
solubility of UDCA at alkaline pH, creating a higher concentration gradient that
facilitates passive absorption.

The physico-chemical properties of UDCA have also influenced the design of
biopharmaceutical studies for its dosage forms intended for pediatric use [Santoveia

et al., 2014]. Due to its very low solubility and low dose (1.5 %), UDCA for pediatric
75



dosing was formulated as a suspension with minimal excipient usage, avoiding the use
of complex additives and those not recommended by the European Medicines Agency
(EMA). Stable compositions with specific particle sizes were obtained, which
remained stable for 30-60 days.

Clinical studies have explored various dosage regimens of UDCA and their
effects on liver function in chronic liver diseases. These studies have provided valuable
insights into the optimal dosing for different conditions.

For example, in patients with PBC, PSC, and chronic hepatitis (CH), UDCA
was administered at doses of 250, 500, and 750 mg/day for two months, with each
patient receiving a specific treatment regimen. Significant improvements in serum
marker enzyme levels were observed in all groups at the 250 mg/day dose, which
roughly corresponds to 4-5 mg/kg/day. Higher doses (500 mg/day and 750 mg/day) led
to further improvements, particularly in PBC patients, but no significant differences
were found between the 500 mg/day and 750 mg/day dose levels [221].

In a short-term, randomized, double-blind, controlled cross-study, different
UDCA dosing regimens were investigated, including a 3-month course followed by
placebo for 3 months or placebo for 3 months followed by a 3-month UDCA course.
Additionally, long-term UDCA courses lasting up to 20 months were studied [222].
Dosage regimens of UDCA up to 8.7 mg/kg/day have been studied in double-blind,
multicenter trials for PBC [223]. Another randomized study compared three UDCA
doses for treating PBC: low (5-7 mg/kg/day), normal (13-15 mg/kg/day), and high
(23-25 mg/kg/day) UDCA doses. In this study, no statistically significant differences
were observed between the effects of different doses [224].

Higher UDCA doses (25-30 mg/kg/day) have been explored in clinical trials
for patients with PSC. These studies have indicated potential benefits for patients with
PSC, and further evaluation in long-term, randomized, placebo-controlled trials is
warranted [225]. A randomized, double-blind, multi-dose study evaluated the efficacy
of UDCA at various doses (300, 600, 900 mg/day) for bile acid metabolism over a 21-
day period, with higher average UDCA doses showing greater efficacy [226].
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However, not all studies have yielded positive results. A multicenter, double-
blind, randomized controlled trial examined the prophylactic use of UDCA
(15 mg/kg/day) in patients after liver transplantation but did not confirm the initial
optimism regarding the beneficial effects of UDCA prophylactic treatment in
preventing acute rejection after liver transplantation [227].

Taurine is a natural component present in the human body, highly soluble in
water, and capable of passing through biological barriers. Given that taurine works in
synergy with UDCA to exert its hepatoprotective effects, the selection of dosage forms
is influenced by its physical and chemical properties. Concerning the specific taurine
content in capsules, a series of clinical studies explored various dosing
regimens [228-230]. For instance, a combination of taurine at a dosage of
30 mg/kg/day with UDCA at 15 mg/kg/day was administered for a year, resulting in
an enhanced pharmacological effect in the treatment of liver disease among patients
with severe pancreatic dysfunction and poor nutritional status [228].
Tauroursodeoxycholic acid (TUDCA) at doses ranging from 10 to 13 mg/kg/day,
administered for 3 months, was found to induce hepatocyte proliferation in humans
[231]. High-dose TUDCA regimens (30 mg/kg/day) during enteral administration were
also investigated for pediatric patients [229]. However, the combination of taurine with
UDCA was found to be ineffective in preventing or treating cholestasis in newborns.

The third component of the drug is artichoke extract, and its herbal origin and
complex chemical composition can affect its antioxidant profile, antioxidant activity,
and physical characteristics. Pharmaceutical preparations of artichoke leaves have
shown that the antioxidant activity is higher in aqueous fractions compared to lipophilic
fractions, and this activity correlates with the total phenol content in the
extracts [232-233].

Regarding the quantitative content of artichoke extract in capsules, clinical
studies have explored various dosage regimens. In the treatment of functional dyspeptic
symptoms, oral administration of artichoke extract (containing 15 % chlorogenic acid,
150 mg extract per capsule) for 60 days resulted in a positive clinical effect, with a

50 % reduction in the total score of all symptoms observed in 38% of patients within
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30 days and 79 % within 60 days. Additionally, after 60 days of treatment, patients
showed decreased levels of total cholesterol, low-density lipoprotein, and serum
triglycerides by 6-8 % compared to baseline values (p <0.001), as well as a 13-20 unit
per liter reduction in the activity of transaminases and gamma-glutamyltransferase
compared to higher initial values (p <0.01) [234]. In a randomized, double-blind,
placebo-controlled study of the effects of large doses of artichoke extract on low-
density  lipoprotein  cholesterol in  patients with primary moderate
hypercholesterolemia, it was found that doubling the daily dose from 3 to 6 tablets for
4 weeks did not result in any additional statistically significant increase in the
pharmacological effect [235].

Radix Angelica sinensis, derived from the dried root of Angelica sinensis
(commonly known as Danggui), is a herb extensively used in Chinese medicine for its
potential benefits in enriching blood, promoting blood circulation, and modulating the
immune system. Additionally, it has been employed in the treatment of chronic
constipation among the elderly and individuals with weakened health, as well as for
managing menstrual disorders. Research has unveiled various pharmacological
properties of Danggui and its active constituents, highlighting its potential as an anti-
atherosclerotic, anti-hypertensive, antioxidant, and anti-inflammatory agent.
Moreover, it has shown promise in limiting platelet aggregation, reducing the size of
cerebral infarctions, and enhancing neurological deficit scores. One of its chemical
compounds, butylidenephthalide, exhibits antispasmodic activity in vitro and may
provide relief from muscle cramps. Over the years, extensive chemical analysis has
identified a total of 165 constituents in Radix Angelica sinensis, encompassing
phenylpropanoids, essential oils, phthalides, terpenoids, alkaloids, sterols, fatty acids,

and polysaccharides, among others [236-239].

Pharmacokinetic studies
The available literature does not provide comprehensive information regarding
the effects of UDCA, taurine, and artichoke extract on the various enzymes (1A2, 2A6,

2C9, 2C19, 2D6, and 2E1) within the cytochrome P450 system in human biomaterials.
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While UDCA has been identified as an inducer of CYP3A, the clinical significance of
this effect remains uncertain. Research employing quantitative polymerase chain
reaction and Western blot techniques to investigate the impact of ursodeoxycholic acid
on proteins involved in bile acid metabolism and xenobiotic detoxification processes
in the intestines of both healthy individuals and patients with PBC has revealed that
UDCA induces the expression of genes related to crucial intestinal transport proteins.
This includes breast cancer resistance proteins (BCRP) and P-glycoprotein, both of
which are involved in multidrug resistance. However, there appears to be no direct
reversal effect on the enzymes responsible for bile acid metabolism. Additionally, there
1s some data suggesting that taurine may influence the biosynthesis of specific transport
proteins involved in the cytochrome P450 2El-mediated catabolism of
xenobiotics [240-242].

Absorption. UDCA is typically present in the human body as a small fraction
of the total bile acids (approximately 5%). Upon oral administration, UDCA is
primarily absorbed in the small intestine and, to a lesser extent, in the colon through
passive, non-ionogenic diffusion. Absorption is incomplete, with approximately 50 %
of UDCA absorbed from the portal blood in its first pass through the liver, where it
conjugates with amino acids. Following a single oral dose of 500 mg UDCA in healthy
volunteers, peak plasma concentrations ranged from 2.7 to 6.3 pg/ml. The maximum
concentration was achieved after 60 minutes, with a second peak concentration
observed after 180 minutes. The absorption rates for different doses of UDCA (250
mg, 500 mg, 1000 mg, and 2000 mg) were found to be 60.3 %, 47.7 %, 30.7 %, and
20.7 %, respectively. UDCA binds to plasma proteins to a high extent, with a binding
rate of 96-98 % [60, 208].

Taurine, a sulfur-free amino acid, is a natural component of the human diet, but
its pharmacokinetics in humans, particularly after oral administration, has only recently
received attention. A study on the pharmacokinetics of taurine involved 8 healthy male
volunteers with a mean age of 27.5 years (ranging from 22 to 45 years). These
individuals were administered an oral dose of 4 g of taurine in the morning. Blood

samples were collected at specific time intervals, and the concentration of taurine in
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plasma was measured using a modified HPLC method. Following oral administration,
taurine was absorbed from the gastrointestinal tract over a period of 1-2.5 hours. The
maximum concentration of taurine in plasma (Cmax) reached an average of
0.69 £ 0.15 mmol, and it was observed around 1.5+ 0.6 hours after administration
(Tmax). The plasma half-life of taurine varied from 0.7 to 1.4 hours, with an average of
1.0£0.3 hours. The volume of distribution ranged from 19.8 to 40.7 liters, with an
average of 30.0 + 7.6 liters. The clearance/bioavailability ratio ranged from 14.0 to
34.4 1/h, with an average of 21.1 £ 7.8 I/h. The area under the curve (AUC) for the
interval 0-8 hours ranged from 116.0 to 284.5 mg/l, with an average of
206.3 £ 63.9 mg/l [243].

In another study, the pharmacokinetic parameters of taurine were investigated
in the presence of intravenous injection of 200 mg of taurine in 6 hypertensive patients
and 6 healthy volunteers. This study reported a shorter half-life of taurine
(3.85 £0.05 min) and a larger distribution volume (9.6 + 3.2 liters). However, it's
important to note that this study monitored taurine concentration in blood plasma for
only 20 minutes, primarily capturing the alpha phase, which is influenced by the
absorption phase in oral administration [243].

The study on artichoke leaf extracts involved 14 healthy volunteers who
received doses of two different extracts [77]. Here are the details of the extracts and
the findings:

1. First Extract:

« Content of caffeoylquinic acids equivalent to 107.0 mg of carbohydrate.

o Content of luteolin glycosides equivalent to 14.4 mg of luteolin.

2. Second Extract:

o Content of caffeoylquinic acids equivalent to 153.8 mg of caffeic acid.
Content of luteolin glycosides equivalent to 35.2 mg of luteolin.

In this study, urine and plasma samples were analyzed using a validated HPLC
method. The results indicated different absorption and metabolic pathways for various

components of the extracts:
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Peak concentrations of carbohydrate, ferulic acid, and isofuric acid in the blood
plasma were achieved within 1 hour after administration.

On the other hand, the highest concentrations of dihydrofuranic acid and
dihydroisopropylacetate were detected approximately 6-7 hours after administration,
indicating distinct metabolic pathways for these compounds when compared to the
metabolization of caffeoylquinic acids.

The peak concentration of luteolin glycosides in plasma was rapidly reached
within just 0.5 hours after administration.

These findings provide insights into the absorption, metabolism, and utilization
of different components of artichoke leaf extracts in the human body.

Studies on Angelica sinensis extract have encompassed investigations into its
pharmacokinetics in both normal and pathological animals, as well as exploring drug-
drug interactions and pharmacokinetics in humans.

Regarding Angelica sinensis extract there some works dedicated directly to its
pharmacokinetics in normal and pathological animals [244, 245]. Several studies have
been  conducted to observe  both  drug-drug  interactions and
pharmacokinetics [246, 247].

The main pharmacokinetic parameters of Angelica sinensis extract have been
examined and summarized by Chinese researchers (Table 5.1) [245] using a validated
ultra-performance liquid chromatography-triple quadruple mass spectrometry (UPLC-
TQ/MS) method to quantify the content of the main constituents in Gui-Hong extracts
(ancient and classic formula comprised of Amngelica sinensis and Carthamus
tinctorius L.). The results of these studies have revealed the following concentrations
of key compounds in Gui-Hong extracts (at a concentration of 0.405 g/ml):

o Hydroxysafflor yellow A (HSYA): 144.075 pg/ml
« Caftfeic acid: 3.758 pg/ml

o p-Coumaric acid: 4.350 pg/ml

« Kaempferol-3-O-rutinoside: 33.844 pg/ml

o Ferulic acid: 31.647 pg/ml

o 3-n-Butylphthalide: 1.583 pg/ml
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o Ligustilide: 3.175 pg/ml

These findings provide valuable information about the pharmacokinetics and

composition of Angelica sinensis extract, shedding light on its potential therapeutic

effects and interactions within the human body.

Table 5.1 — Pharmacokinetic parameters of seven components of Gui-Hong
extracts (n = 6) [245]

o AUCo: | AUCow
Components (n ZIE(L) Tmax (h) Tin. (h) | MRTo (h) (ngx (ngx
g mL'xh) | mL!xh)
Hydroxysafflor | s g | 161040 |2.60+030]3.65<027 | 11631 | 127 <32
yellow A
Calffeic acid 20+5 0.75+£0.00(2.70£1.201221+0.21 41 +3 53+ 11
p'CZEirga“C 750 +29 | 0.17+0.00 | 1.04+£0.37 | 0.76 £0.11 | 430 + 34 | 434 + 35
Kaempferol-3- |5, 3 | ()75 1000]1.002053 | 1732021 | 3148 | 3248
O-rutinoside
Ferulic acid | 341 £34 | 0.17+0.00 | 238 +1.10 | 1.43+0.19 | 273 +65 | 312+ 77
3-n-
Butylphthalide 21+11 |0.17+0.00|7.60+1.73|2.55+0.08 | 48+9 | 109 +25
Ligustilide | 136 £25 | 0.08 £0.00 | 6.33 + 1.45 | 5.69 £0.76 | 432 + 71 | 463 + 79

The pharmacokinetic parameters of hydroxysafflor yellow A (HSYA) in blood
stasis rats have shown distinct differences compared to non-blood stasis conditions.
Specifically, the blood stasis rats exhibited the following pharmacokinetic
characteristics for HSYA:

1. Higher Cmax: This indicates that the peak concentration of HSYA in the
bloodstream was higher in blood stasis rats.

2. Longer Ti2,: Blood stasis rats had a prolonged half-life of HSYA in their
plasma, suggesting that the compound lingered in their circulation for a longer
duration.

3.  Greater AUCorand AUCo..: Both measures of the total exposure to HSYA
were higher in blood stasis rats, indicating increased bioavailability.

4.  Lower Tmax: Blood stasis rats reached the maximum plasma concentration

of HSY A more quickly.
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These differences in pharmacokinetic parameters can be attributed to several
factors related to blood stasis. It is suggested that HSY A is primarily absorbed through
the small intestine. In conditions of poor blood circulation associated with blood stasis,
the retention time of HSYA in the small intestine may be prolonged. This prolonged
exposure in the intestine could lead to increased absorption of HSYA into the
bloodstream, contributing to the higher Cmax and enhanced bioavailability observed
in blood stasis rats.

Additionally, slowed blood circulation may reduce the perfusion of the liver,
which could result in decreased hepatic metabolism processes such as hydroxylation,
methylation, acetylation, and glucuronidation of HSY A. The decreased metabolism of
HSYA in the liver further contributes to its increased bioavailability in blood stasis
conditions.

These findings suggest that blood stasis can significantly impact the
pharmacokinetics of HSYA, leading to altered drug absorption, distribution, and
metabolism in the body [6245, 248, 249].

The pharmacokinetic differences observed for various compounds in blood
stasis rats compared to normal rats suggest that the condition of blood stasis can
significantly impact the absorption, distribution, and metabolism of these compounds.
Here is a summary of the pharmacokinetic findings for specific compounds:

1.  Caffeic Acid:

Blood stasis rats showed higher Cumax, T1/22, AUCot, MRTo., and AUCo.c.

Tmax was the same in normal and blood stasis rats [245].

Catechol-O-methyltransferase (COMT)-mediated O-methylation is involved in
the metabolism of caffeic acid in rat hepatocytes.

The induction of blood stasis by adrenaline hydrochloride or the occlusion of
the left anterior descending coronary artery resulted in a reduction of COMT activity
in both liver plasma and the heart..

The increased bioavailability of caffeic acid in blood stasis rats may be

attributed to decreased liver and blood metabolism [245, 250-252].
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2. p-Coumaric Acid:
Blood stasis model samples showed higher Cmax, T122, AUCot, MRTo., and
AUC . for p-coumaric acid.
The absorption of p-coumaric acid was increased, and the elimination process
was slowed in pathological states.
Compatibility in rats may also alter the pharmacokinetic behavior of
p-coumaric acid [253].
3.  Kaempferol-3-O-rutinoside:
Blood stasis model samples exhibited higher Crmax, T122, AUCo.t, MRTo., and
AUCo.» for kaempferol-3-O-rutinoside.
Kaempferol-3-O-rutinoside is a flavonoid glycoside with high polarity and
large molecular size, leading to its low bioavailability after oral administration [253].
4.  Ferulic Acid:
Blood stasis rats showed higher Cmax, AUCo.t, and AUCo-» for ferulic acid.
T12, and MRTowere lower in blood stasis rats [253].
Tmax Was the same in normal and blood stasis rats, suggesting rapid absorption
of ferulic acid in blood stasis conditions.
5. 3-n-Butylphthalide:
Blood stasis model rats showed lower Ti2, and MRTo.,, and higher Cpax,
AUCy., and AUCo.» for 3-n-butylphthalide.
The Ti2-and AUCo.¢of 3-n-butylphthalide had a significant difference in blood
stasis model rats.
3-n-Butylphthalide is mainly metabolized by CYP2EI1, 2C11, and 3A1/2 in
rats, and the altered elimination time may be attributed to changes in these enzymes in
blood stasis conditions [253].
6.  Ligustilide:
Blood stasis model rats exhibited higher Ciax, AUCo., and AUCo-», and lower
MRTo.+ and T, for ligustilide.
The time and extent of absorption of ligustilide were accelerated in blood stasis

model rats.
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There was no significant difference in ligustilide pharmacokinetics between
normal and blood stasis model rats [253].

These findings collectively suggest that the presence of blood stasis alters the
pharmacokinetics of these compounds, affecting their absorption, metabolism, and
distribution in the body. The specific mechanisms underlying these changes may vary
for each compound and involve factors such as metabolic enzyme activity and the
physicochemical properties of the molecules.

There is also pharmacokinetic data available in animal models for substances
with well-established therapeutic properties [254]. The pharmacokinetic study [255]
involving ferulic acid and paeoniflorin in mice after intra-gastric administration of a
combination of Angelica-Paeonia root powder provides specific pharmacokinetic
parameters for ferulic acid. Here are the key pharmacokinetic parameters for ferulic
acid observed in the experiment:

Tpeak: 2.606 = 0.586 hours

Crax: 6.372 £ 1.510 mg/1

t12(ka) (Half-life of Absorption): 1.249 + 0.365 hours

t1/2(ke) (Terminal Elimination Half-life): 2.101 + 0.665 hours
AUC: 41.399 £11.763 mg x h/l

Ke (Elimination Rate Constant): 0.330 = 0.085 h™! (per hour)
Ka (Absorption Rate Constant): 0.555 £+ 0.133 h'! (per hour)

These parameters provide a comprehensive understanding of how ferulic acid
is absorbed, distributed, metabolized, and eliminated in the body following intra-
gastric administration of the combination Angelica-Paeonia root powder in mice.
These pharmacokinetic parameters are essential for assessing the bioavailability and
behavior of ferulic acid, which is crucial for its therapeutic applications.

Other researchers [256] have also reported a limited oral bioavailability of
senkyunolide A in rat studies. They conducted pharmacokinetic investigations into
senkyunolide A, a key component found in the essential oil of Rhizoma Chuanxiong
(Ligusticum chuanxiong), a plant commonly employed for treating cardiovascular

ailments in traditional medicine. The study in rats revealed the following results:
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1. Intravenous Administration:

Senkyunolide A displayed extensive distribution in the body, denoting a high
volume of distribution (Vd/F).

Rapid elimination from the bloodstream was observed, indicating a short half-
life (T1.).

The primary route of elimination was strongly indicative of hepatic
metabolism, as substantiated by findings from an in vitro S9 fraction analysis.

2. Intraperitoneal (IP) Administration:

Senkyunolide A exhibited consistent pharmacokinetics, irrespective of the
administered dose, following IP administration.

Rapid absorption (characterized by a short Tmax) Was noted, and a relatively
high bioavailability of 75 % was documented.

3. Oral Administration:

Senkyunolide A was rapidly absorbed when administered orally, with a brief
Tmax.

However, its oral bioavailability was notably low, estimated at approximately
8 %.

Factors contributing to this included the instability of the compound in the
gastrointestinal tract (accounting for 67 % of the loss) and extensive hepatic first-pass
metabolism (accounting for an additional 25 %).

4. Effect of Extract:

The pharmacokinetics of senkyunolide A remained largely unchanged when it
was administered as an extract. This suggests that the components within the extract
had minimal influence on senkyunolide A's pharmacokinetic behavior.

These findings shed light on the challenges associated with achieving adequate
oral bioavailability of senkyunolide A, which is commonly used in traditional medicine
for cardiovascular conditions.

Distribution. In healthy individuals, approximately 70 % of unconjugated
UDCA binds to plasma proteins [257]. UDCA specifically binds to a site on a protein

molecule responsible for binding biliary bile acids in the ileum, known as the ileal bile
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acid-binding protein (IBABP). It's worth noting that UDCA also increases the affinity
of other human bile acids for the second binding site on IBABP. This interaction with
UDCA reduces the cooperative binding effect often observed with major bile acids in
humans. Additionally, IBABP plays a crucial role in fully activating the
farnesoid-X alpha receptor (FXRa) for bile acids, including ursodeoxycholic acid.
However, there is currently no available information on the binding of conjugated
UDCA to plasma proteins in both healthy individuals and patients with primary biliary
cirrhosis. Since the efficacy of UDCA primarily relies on its concentration in bile rather
than in plasma, its serum levels do not serve as an indicator of bioavailability in clinical
conditions. While the precise volume of distribution of UDCA has not been
determined, it is believed to be relatively small, as the compound is primarily
distributed in the bile and small intestine. In bile, the concentration of UDCA reaches
its peak within 1-3 hours [258].

Taurine can be obtained from external sources or synthesized within the human
body. Once administered, taurine is rapidly absorbed and distributed throughout
various tissues. Most notably, taurine accumulates in the brain, retina, heart muscle,
liver, and kidneys. Taurine has the capability to cross both the blood-brain barrier and
the placental barrier [67].

The pharmacological activity of both artichoke extract and Angelica sinensis
extract arises from the collective effects of their components. As a result,
comprehensive pharmacokinetic studies regarding their distribution in human tissues
have not been extensively conducted [60, 208].

Metabolism. Approximately 50-70 % of UDCA from portal blood is initially
absorbed by the liver, where it conjugates with amino acids, primarily glycine and
taurine. Conjugated UDCA is then excreted into bile and subsequently enters the small
intestine. Within the intestine, some UDCA conjugates may undergo reverse processes,
leading to deconjugation and reabsorption in the ileum. Additionally, UDCA
conjugates can be subjected to dehydroxylation, leading to the formation of lithocholic
acid, some of which is absorbed and then sulfated in the liver before being excreted

from the body through the bile ducts.
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In adults, around one-quarter of bile acids are conjugated to taurine, and a small
portion of taurine itself is converted to isethionate with the involvement of either
bacterial or tissue enzymes. Subsequent metabolism proceeds with the formation of
sulfate, CO,, water, and ammonia, with the latter being further converted into urea
[259].

The components of artichoke extract are extensively metabolized within the
human body, giving rise to methylated derivatives of carbohydrate, such as ferulic and
1so-fructose acids, as well as hydration products like dihydric and dihydrofuranic acids.
Except for dihydrofurylic acid, all these compounds are present in the human body in
the form of sulfates or glucuronides. Luteolin, another component, undergoes complete
metabolism in the human body, leading to the formation of sulfate or glucuronide
metabolites [77].

There are several reports on the metabolism of ligustilide, a key bioactive
ingredient in Angelica sinensis extract. One study [260] investigated the
pharmacokinetics of ligustilide, administered both in its pure form and within an herbal
extract, in rats. After intravenous administration of pure ligustilide, it exhibited
extensive distribution (Vd: 3.76 + 1.23 I/kg) and rapid elimination (T12: 0.31 + 0.12 h).
Notably, the intravenous clearance (CL) of ligustilide was significantly higher when
administered as an extract compared to its pure form (CL: 20.35+3.05 versus
9.14 £ 1.271/h/kg, p<0.01; area under the curve (AUC): 0.79 *= 0.10 versus
1.81 £ 0.24 mg x h/l, p < 0.01), suggesting significant interaction between ligustilide
and components within the extract. Dose-dependent pharmacokinetics were observed
after intraperitoneal administration, with a significantly higher dose-normalized AUC
at 52 mg/kg compared to 26 mg/kg (1.77 + 0.23 mg x h/l versus 0.93 £ 0.07 mg x h/l,
p < 0.05). Oral bioavailability of ligustilide was low (2.6 %), primarily due to extensive
first-pass metabolism in the liver. Seven metabolites of ligustilide were identified, with
three of them being definitively characterized as butylidenephthalide, senkyunolide I,
and senkyunolide H, all of which occur naturally in the herb and are reported to be

bioactive.

88



In another study [261], evidence is presented indicating that caffeic acid (CA)
from plant extracts can undergo oxidation by peroxidase/H2O> or tyrosinase/O2. Mass
spectrometry analysis of the metabolites formed in the presence of
peroxidase/H>0z/glutathione (GSH) revealed the formation of mono- and bi-
glutathione conjugates, with bi-glutathione conjugates forming only when GSH was
present. In the absence of GSH, hydroxylated products and p-quinones of CA were
formed due to peroxidase/H2O: activity. NADPH also supported CA-glutathione
conjugate formation in rat liver microsomes, which was inhibited by benzylimidazole,
a cytochrome P450 inhibitor. Furthermore, the cytotoxicity of CA towards isolated rat
hepatocytes was significantly enhanced by hydrogen peroxide or cumene
hydroperoxide-supported cytochrome P450 and was inhibited by benzylimidazole.
Cytotoxicity was also markedly increased by dicumarol, an NADPH/oxidoreductase
inhibitor. These findings suggest that dihydroxycinnamic acids are metabolically
activated by P450 peroxidase activity to generate cytotoxic quinoid metabolites.
Metabolism of phenolic compounds has been comprehensively described in several
articles [252, 262, 263].

Elimination. UDCA 1is primarily eliminated through feces, with urinary
excretion accounting for less than 1 % of the elimination, except in cases of severe
cholestatic liver disease. In healthy volunteers who received a single oral dose of
500 mg '“C-labeled UDCA, approximately 30 to 44 % of the dose is excreted in the
feces during the initial three days. This excretion consists of unchanged UDCA
(2-4 %), lithocholic acid (37 %), and 7-keto-lithocholic acid (5 %). The half-life of
UDCA, as determined using the radioactive label, ranges from approximately 3.5 to
5.8 days following oral administration due to the effective enterohepatic circulation of
UDCA in the body. In individuals with severe liver disease, renal excretion becomes a
significant route for eliminating bile acids [60, 208].

Following a single oral administration of taurine at a 4 g dose, its plasma
concentration returns to the normal range after 8 hours during the elimination phase.
Taurine elimination from plasma occurs through a mechanism characterized by first-

order kinetics [243]. The total content of taurine in the body is regulated by the kidneys.
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Taurine is among the major amino acids excreted in urine since its reabsorption by the
kidneys is limited [264, 265]. The daily amount of taurine excreted in urine varies
depending on diet but typically falls within the range of 65 to 250 mg (0.5-2.0 mmol).

Metabolic products of artichoke extract are primarily eliminated through the
kidneys via urine, and their elimination profile often exhibits a biphasic pattern [77].
Elimination of metabolic products of Angelica sinensis extract has been reported in
previously described studies [245, 246, 261, 263-265].

Pharmacokinetics in special patient groups. The pharmacokinetics and
bioavailability of UDCA do not appear to be influenced by an individual's sex.
Additionally, among individuals of European and Mongolian races, there have been no
clinically significant inter-racial differences observed in the pharmacokinetic
parameters of UDCA. However, there is limited data available regarding the
pharmacokinetics of UDCA in individuals of the Negroid race [60, 208].

Pregnant women. There is a lack of valid and well-controlled studies
involving pregnant women for UDCA, taurine, and artichoke extract. Due to the fact
that the impact on animal reproductive function does not necessarily predict the
response in humans, it is not recommended to use these compounds in women who are
pregnant or who may become pregnant. If these preparations are used during pregnancy
or if a patient becomes pregnant while taking these substances, it is crucial to be aware
of the potential risks they may pose to the fetus [60, 208]. It is advisable to consult with
a healthcare provider for guidance on the use of these compounds during pregnancy.

There i1s evidence suggesting that taurine accumulates in the tissues of the
mother during pregnancy and is subsequently transferred to the fetus through the
placenta as well as to the newborn through the mother's milk. This accumulation can
also occur in the brain of newborns. Low levels of taurine in the maternal body can
result in reduced taurine levels in the fetus and may contribute to slower growth in
offspring [266].

Breastfeeding women. The excretion of orally administered UDCA, taurine,
and artichoke extract into maternal milk was not investigated in available studies

[60, 208]. Therefore, there 1s limited information on whether these compounds are
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excreted into breast milk when taken orally by lactating mothers. If a nursing mother
is considering taking any of these compounds, it is advisable to consult with a
healthcare provider for guidance on the potential risks and benefits, as well as
alternative options if necessary. The safety of these compounds during breastfeeding
has not been well-established.

Older patients (geriatrics). There are no adequate or well-controlled studies
of UDCA, taurine, and artichoke extract in the geriatric population [60, 208]. This
means that there is limited scientific data available on how these compounds
specifically affect older adults.

Children (pediatrics). In the case of UDCA, taurine, and artichoke extract,
there is a lack of adequate and well-controlled studies in the pediatric population.
Instead, there are only individual studies available that have explored various aspects
of the pharmacological action of these compounds in children of all ages, including
newborns [267].

For UDCA, limited research has investigated the pharmacokinetic parameters
in newborns. This research used an alpha magnetic spectrometer to measure the
concentration of sub-therapeutic doses of '*C-labeled UDCA in small fractions of
biological fluids. However, due to the small sample size (data from only 3 newborns)
and high data variability, definitive conclusions are challenging to draw. Since the
absorption of bile acids in the intestine and their passage through the liver's portal vein
are still immature processes in young children, the pharmacokinetic parameters of
UDCA may differ significantly in the pediatric population compared to adults.

As for taurine, it is considered an essential amino acid in humans, and it is
routinely added to many infant nutrition formulas. This addition is a precautionary
measure aimed at improving the nutritional quality of formulas for premature infants
and children with conditions like cystic fibrosis. Taurine is also believed to have a
positive impact on the auditory pathway in the brains of premature newborns, although

further research is needed in this area [268, 269].
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Pharmacodynamic studies

Upon oral ingestion, UDCA undergoes absorption through passive diffusion in
the intestine and active transport in the ileum. In the liver, UDCA forms conjugates
with glycine and taurine. These conjugated compounds are subsequently excreted into
the bile, where UDCA becomes part of the enterohepatic circulation system. With
consistent administration, UDCA gradually becomes the predominant bile acid in the
bloodstream, constituting approximately 50 % of the total bile acid pool. This increase
in UDCA concentration in the bile pool is dose-dependent [270].

The presence of UDCA in bile results in an enrichment that enhances bile's
hydrophilicity while reducing its cytotoxicity. UDCA plays a role in regulating apical
secretion within hepatocytes by modulating the phosphorylation and
dephosphorylation of transport proteins, thereby activating or deactivating them,
ultimately improving the liver's excretory function. Elevated UDCA levels in bile lead
to a reduction in the extent of damage to cholangiocytes, decreased portal
inflammation, and inhibition of duct proliferation. Furthermore, UDCA promotes the
secretion of bile acids and various organic anions, such as glucuronides of bilirubin
and glutathione conjugates, effectively preventing cholestasis caused by hydrophobic
bile acids. Patients diagnosed with PBC and PSC who receive UDCA treatment exhibit
a reduced inflammatory response within their bile ducts. Currently, it is presumed that
UDCA operates through three primary mechanisms: protecting cholangiocytes from
the cytotoxic effects of hydrophobic bile acids, stimulating hepatobiliary secretion, and
shielding hepatocytes from apoptosis induced by bile acids [62, 270-276].

The precise mechanisms underlying UDCA's cytoprotective effects are not yet
fully elucidated. However, it is established that the excessive accumulation of toxic
bile acids can trigger hepatocyte apoptosis. UDCA acts to suppress this apoptosis by
intervening in mitochondrial dysfunction. Laboratory experiments have demonstrated
that UDCA can prevent apoptosis induced not only by deoxycholic acid but also by
other damaging factors, including ethanol, transforming growth factor, Fas-ligand, and

okadaic acid. UDCA's mechanism of action involves reducing mitochondrial
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depolarization, subsequently inhibiting the release of cytochrome C and the activation
of caspases [62, 270-276].

The mechanism by which UDCA and tauroursodeoxycholic acid (TUDCA)
inhibit apoptosis is depicted in Figure 5.1. UDCA interferes with mitochondrial
processes, including the inhibition of Bax translocation, the synthesis of reactive
oxygen species (ROS), the release of cytochrome C, and the activation of caspase-3.
According to available data, UDCA may also interfere with the death receptor pathway
by inhibiting caspase-3 activation. Additionally, TUDCA suppresses apoptosis
processes associated with endoplasmic reticulum (ER) stress by regulating intracellular
calcium levels, inhibiting calpain, and activating caspase-12. It's worth noting that
UDCA interacts with nuclear steroid receptors (NSRs), leading to the dissociation of
NSR/hsp90 complexes and facilitating the nuclear translocation of UDCA/NSR
complexes. Once in the nucleus, UDCA modulates the E2F-1/p53/Bax pathway,
effectively preventing apoptosis. Furthermore, UDCA reduces levels of cyclin D1 and
Apaf-1, further inhibiting the mitochondrial apoptotic cascade [277].

In pharmacological doses, UDCA has a significant impact, reducing the
saturation of bile with cholesterol by approximately 40-60 %. It achieves this by
inhibiting the absorption of cholesterol in the intestine and suppressing its secretion
into bile [274]. UDCA plays a crucial role in diminishing the toxicity of bile acids,
which have the potential to harm cell membranes and lead to cholestasis. This
protective effect involves several mechanisms, including the inhibition of the
absorption of endogenous hydrophobic bile acids from the small intestine and a
choleretic effect. The choleretic effect leads to the dilution of endogenous bile acid
salts within the bile ducts, providing protection to hepatocytes.

For the treatment of cholelithiasis, the recommended UDCA dose is typically
8-10 mg/kg/day, with larger doses offering no additional benefits. The dissolution rate
achieved with UDCA therapy is approximately 1 mm reduction in the diameter of a
gallstone per month. It's worth noting that the diameter of gallstones larger than 20 mm
can negatively impact the speed of dissolution and the overall success of litholytic

therapy. If there is minimal reduction or no significant change in the size of the
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gallstone after 6-12 months of UDCA treatment, it may suggest a less favorable
prognosis for dissolution. The likelihood of reducing the diameter of large gallstones
(greater than 20 mm) or multiple gallstones through litholytic therapy typically does

not exceed 40-50 % after the first year of treatment [275].
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Figure 5.1 — Mechanisms of UDCA and TUDCA inhibition of apoptosis [277]:
Apaf-1 — apoptotic protease activating factor 1; ARF — ARF (alternative reading
frame) cell suppressor; Bax, Bcl-2 — negative (Bcl-2) and positive (Bax) regulators of
apoptosis; Casp-12, Casp-3 — caspases; Cyt C — cytochrome C; Fas — Fas cell surface
death receptor; Fas L — ligand of Fas- receptor; Hsp-90 — heat shock protein; MDM-2
— mouse double minute 2 homolog; NSR — nuclear steroid receptors; Procasp-12 —
procaspase

Gallbladder sludge represents another therapeutic target for UDCA. Its
formation can be triggered by various factors such as rapid weight loss, pregnancy,
parenteral nutrition, or organ transplantation. Clinical studies have demonstrated the
positive effects of UDCA in patients with idiopathic acute pancreatitis and concurrent
microcholelithiasis or gallbladder sludge. These patients received UDCA preparations
for a period of 3-6 months, leading to the prevention of cholelithiasis and pancreatitis

relapses during a 44-month observation period in the majority of cases [62].
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Additionally, UDCA exhibits anti-inflammatory properties. Long-term
administration of UDCA preparations significantly reduces the occurrence of
complications associated with cholelithiasis. Research has shown that UDCA
treatment in patients with cholelithiasis results in a decreased incidence of biliary pain
and cholecystitis exacerbations over an 18-year period [278]. During the initial four
years of UDCA treatment, relapses occurred in less than 10 % of cases, compared to
40 % in the placebo group. Interestingly, this therapeutic effect was not solely
dependent on the dissolution of gallstones but was associated with a reduction in
overall inflammatory processes within the body. Other studies [273] have indicated
that UDCA treatment restores the contractile function of the gallbladder, improves
oxidative-reduction processes, and alleviates oxidative stress and inflammation, all of
which contribute to positive effects on biliary symptoms regardless of gallstone
dissolution.

The reduction in inflammation is thought to be potentially mediated by the
antioxidant properties of UDCA, a decrease in prostaglandin E2 concentration, and a
reduction in catalase activity. However, in clinical trials involving patients with severe
cholecystitis and frequent biliary colic, UDCA treatment for 100 days did not show
significant positive effects on the clinical course [272].

UDCA's properties are also utilized in the treatment of liver parenchymal
lesions. Recent experimental data have indicated the drug's significant
hepatoprotective properties, particularly against the most common toxic agent, alcohol.
UDCA has been shown to improve the functional and morphological state of the liver.
However, clinical trials involving the administration of UDCA at doses of
13-15 mg/kg/day for 6 months in individuals with progressive alcoholic cirrhosis of
the liver (Child-Pugh Classes B and C) did not demonstrate improved survival rates in
these patients [271]. Using modern diagnostic methods such as ultrasound elastography
of the liver, it was observed that patients who were additionally taking UDCA during
abstinence had a more pronounced reduction in organ density [279]. Clinical trials
assessing the efficacy of UDCA in alcohol-induced liver damage have not been

conducted extensively, making it challenging to determine the drug's exact role in
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treating various forms of alcoholic liver disease. This may be attributed to the
considerable heterogeneity of clinical variants of alcoholic liver disease and the lack
of universally accepted recommendations regarding dosage and treatment duration.
Given the diverse biochemical and immunological effects of UDCA, its use is
considered feasible in various clinical presentations of alcoholic liver disease.

An important aspect of using UDCA involves the treatment of biliary reflux.
The damaging impact of bile acids is influenced by factors such as their concentration,
conjugation, and the pH of the environment. Taurine-conjugated bile acids, for
instance, remain soluble even at a low pH of 2. Therefore, in environments with very
low pH values, only taurine-conjugated bile acids tend to cause damage. Conversely,
in situations with high pH wvalues, such as post-surgery stomach conditions,
unconjugated bile acids can have a harmful effect. Bile acids, known for their detergent
properties, facilitate the solubilization of lipids within the membranes of surface
epithelial cells. Soluble conjugated bile acids, typically in the pH range of 2-4, can
penetrate into these epithelial cells. Inside the cells, bile acid concentrations can be up
to 8 times higher than outside, and this excessive accumulation can lead to increased
cell membrane permeability, membrane damage, disruption of intercellular
connections, and ultimately, cell loss. The detrimental effects depend not only on the
concentration of bile acids during reflux but also on the duration of exposure of the
mucous membrane to bile.

In the presence of pancreatic phospholipase A, bile acids, and trypsin, biliary
lecithin undergoes a reaction to form lysolecithin. When bile acids and lysolecithin are
present in the gastric mucous membrane, there is an increase in reverse hydrogen ion
diffusion, along with elevated histamine and gastrin release. The negative effects of
duodenogastroesophageal reflux on the esophageal mucous membrane are well-
established. In this context, the esophagus is exposed to hydrochloric acid and pepsin,
and the impact of bile acids depends on the pH. Conjugated bile acids have a negative
effect in acidic pH conditions (pH 2-4), while unconjugated bile acids show their
harmful effects at pH levels ranging from 5 to 8. In alkaline pH conditions, the negative

effects are observed not only for unconjugated bile acids but also for trypsin [280].
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The hydrophilic nature of UDCA and its choleretic effect play crucial roles in
protecting the esophagus and stomach. UDCA does not harm cell membranes because
UDCA micelles are nearly insoluble in them due to their hydrophilic properties. UDCA
competes with toxic hydrophobic bile acids for receptor binding, effectively displacing
them. Induction of cholerexis, where bile enriched with bicarbonate aids in the
elimination of toxic bile acids through the intestines, is also important. In experiments
and clinical studies, the cytoprotective properties of UDCA have been demonstrated in
safeguarding the mucous membranes of the stomach and esophagus. UDCA achieves
this by incorporating into the phospholipid layer of cell membranes, thereby
contributing to their stabilization and increased resilience against damaging factors.
Furthermore, the administration of UDCA medications reduces the subjective
symptoms of gastric dyspepsia [270].

UDCA serves as a preventive measure against tumor development by
counteracting the stimulatory effects of other bile acids, particularly deoxycholic acid
(DCA). UDCA and DCA have contrasting impacts on the epidermal growth factor
receptor (EGFR) and the expression of cyclooxygenase-2, both of which can play
pivotal roles in colon tumorigenesis. While some clinical studies with theoretical
foundations have suggested that UDCA can reduce the risk of colorectal cancer, it's
important to note that there are limited high-quality trials available, and most of the
evidence 1s retrospective in nature. UDCA exerts its tumor-preventing effect by
negatively modulating the mitochondrial activation pathway, which involves inhibiting
the translocation of Bax, the generation of active oxygen species, the release of
cytochrome C, and the activation of caspase-3 [281].

Taurine is a vital component of bile acids, and conjugation is essential to
maintain the solubility of bile acids in the watery environment of the intestinal contents.
Sulfur's presence in tauroconjugates facilitates their ionization, enhancing their
detergent action, solubility, and reabsorption. Bile acids play a crucial role in
preserving intestinal barrier function and preventing the invasion of enterobacteria into
tissues. Furthermore, bile acid tauroconjugates exhibit choleretic effects and prevent

cholestasis, unlike glycine-conjugated bile acids [282]. In vitro studies have shown that
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glycolithocholic acid is easily precipitated with calcium at physiological
concentrations, unlike taurolithocholic acid. Therefore, taurine is essential for
increasing bile turnover, enhancing bile acid production, and preventing cholestasis.
The introduction of taurine is likely to result in decreased levels of cholesterol,
triglycerides, low-density lipoprotein, and body weight. It also reduces cholesterol in
the aorta wall, the quantity of lipid peroxidation products, while increasing glutathione
levels. Studies have demonstrated that taurine administration inhibits cell proliferation
by suppressing the expression of mitogen-activated protein kinase [87]. Additionally,
taurine plays a crucial role in regulating cellular membranes, providing membrane
protection and osmoregulation. It has a positive impact on the phospholipid
composition of membranes and normalizes the electrolyte balance, retaining potassium
and magnesium inside cells and sodium outside. Taurine is also involved in the
movement of calcium ions through membranes [87].

Taurine plays a crucial role in regulating calcium levels in the heart, and its
stabilizing effect on cell membranes is associated with a wide range of regulatory
functions in the body. These functions include the normalization of protein,
carbohydrate, and electrolyte metabolism, as well as the activity of various enzymes
and hormones. Taurine also contributes to energy production and regenerative
processes in the body, and it strengthens the immune system. Additionally,
supplemental taurine has been shown to have a positive impact on antioxidant defense
parameters and can reduce the manifestations of diabetic neuropathy, nephropathy, and
retinopathy in experimental settings.

Taurine helps prevent a decrease in the activity of membrane-bound Na*/K'-
ATPase and excessive calcium loss. It has been observed to improve glucose
utilization, leading to beneficial effects on glycosylated hemoglobin levels and the
intensity of lipid peroxidation processes in erythrocytes. This underscores the potential
therapeutic value of taurine in diabetes [87].

Furthermore, taurine has another important function in diabetes management
by helping maintain normal blood glucose levels through increased insulin receptor

binding efficiency. The use of taurine in diabetes has been shown to normalize platelet
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function and raise amino acid levels in the bloodstream. Experimental evidence
suggests that taurine can improve glucose and lipid metabolism, reduce insulin
resistance, and lower hypercholesterolemia. Additionally, taurine helps prevent the
development of microangiopathy by reducing the degree of apoptosis in endothelial
cells [87].

Taurine has been found to possess antioxidant properties, capable of binding
active oxygen species. Its metabolic precursor, hypotaurine, also exhibits antioxidant
characteristics. Preemptive taurine administration has been shown to mitigate acute
bronchiolitis induced by NO: inhalation, possibly acting as a membrane stabilizer that
regulates the flow of potassium, sodium, calcium, and magnesium ions [101].

In vitro studies have demonstrated that taurine, when forming taurochloramine,
can bind to hypochlorous acid, a potent oxidant known to cause DNA damage.
Taurochloramines may also play a regulatory role in inflammatory processes by
inhibiting the production of interleukins 6 and 8, potentially through the
downregulation of cytokine gene transcription [283]. The functional activity of
macrophages is closely associated with the transport of taurine across cell membranes.
Treatment of macrophages with lipopolysaccharide (at concentrations of 0.1 and
10 pg/ml) leads to a significant 60 % reduction in taurine transport (P <0.01).
However, simultaneous treatment with lipopolysaccharide and gamma-interferon
(150 units/ml) restores taurine transport to control values after 24 hours. It has been
demonstrated that inositol can reverse the suppression of taurine transport in
macrophages under certain conditions [87].

Additionally, taurine conjugates with secondary bile acids, retinoids, and
certain xenobiotics become more water-soluble after binding to taurine, which
enhances their clearance. This suggests a potential role for taurine in detoxification
processes. Taurine has shown effectiveness in conditions such as liver cirrhosis,
depression, and male infertility [87]. It has also been reported to have beneficial effects
on the gastric and intestinal mucosa. In cases of cystic fibrosis, taurine supplementation

has been found to reduce the severity of steatorrhea. In Alzheimer's disease,
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characterized by a decline in memory associated with a decrease in acetylcholine
concentration, taurine may play a beneficial role.

In conclusion, taurine serves numerous physiological functions within tissues
and effectively modulates them wunder various pathophysiological conditions,
underscoring its importance in maintaining high concentrations within energy-
dependent cells [283].

The pharmacological properties of artichoke extract can be attributed to the
collective impact of various biologically active compounds present in artichoke leaves
(Cynara scolymus L.). Notably, cynarine, in combination with phenolic acids and
bioflavonoids found in artichoke, contributes to the choleretic, diuretic, and
hepatoprotective effects of the extract. The potent diuretic effect of artichoke
preparations promotes increased excretion of urea and the elimination of toxic
substances, including “middle molecules”, through urine. The application of artichoke
extract results in a significant detoxifying effect, particularly by reducing the intensity
of endogenous or metabolic intoxication. The phenolic acids present in artichoke leaf
extract, including coffee, chlorogenic, neochlorogenic, and caffeic acids, exhibit high
biological activity and contribute to the pronounced immunoactive actions of artichoke
preparations [284].

The beneficial effects of artichoke extract, particularly when used in
combination with vitamin E (tocopherol acetate), in patients with conditions like non-
alcoholic steatohepatitis (NASH) concurrent with chronic non-calculous cholecystitis
(CNCC) and secondary immunodeficiency states (SIDSs), can be attributed to multiple
factors. These include the normalization of lipid peroxidation indicators (LIPs), such
as the reduction in lipoperoxidation products like diene conjugates (DC) and
malondialdehyde (MDA) in the blood serum. Additionally, there was an improvement
in clinical and biochemical parameters reflecting liver function, as well as a reduction
in manifestations of SIDSs, such as T-lymphopenia and imbalances in T-lymphocyte
subpopulations. This study demonstrated that the combination of artichoke extract and

vitamin E exerts antioxidant and immunomodulatory effects [285].
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Furthermore, the antioxidant activity of artichoke extract was examined in
patients with NASH and CNCC who also had abdominal obesity. This investigation
revealed a decrease in the levels of lipid peroxidation products, specifically MDA and
DC, in the blood serum of patients with NASH and CNCC during periods of unstable
remission or moderate exacerbation of chronic gallbladder inflammation in the context
of obesity. The positive effects of artichoke extract, whether used alone or in
combination with the immune-active preparation galavit, on lipid peroxidation indices
were also observed in patients with NASH and osteoporosis [286].

It is firmly established that the activity of lipid peroxidation processes, coupled
with a reduction in antioxidant defense, constitutes a common pathological mechanism
in the progression of chronic liver and gallbladder disorders. Phytochemicals found in
artichokes are widely acknowledged for their natural antioxidant properties, which
have been substantiated through both experimental and clinical investigations. Hence,
it can be reasonably deduced that the utilization of artichoke preparations may provide
advantages in the treatment of diverse chronic liver and gallbladder pathologies [286].

The pharmacological characteristics of the Angelica sinensis extract stem from
its influence on various systems within the patient's body, attributed to the
comprehensive array of biologically active compounds it contains. Currently, the
recognized pharmacological properties of this plant encompass effects on the
cardiovascular and cerebrovascular systems, anti-inflammatory properties, antifibrotic
effects, antispasmodic activities, antioxidant actions, neuroprotective qualities,
immune support, and hematopoietic effects [287]. Considering the
pharmacotherapeutic profile of the complex preparation under development, let us
explore in detail its anti-inflammatory and antispasmodic attributes.

In 1986, Li et al. [287] discovered that sodium ferulate has the capability to
regulate the prostacyclin (PGI2)/thromboxane A2 (TXA2) ratio by inhibiting TXA2
activity while leaving PGI2 unaffected. Ligustilide (LIG) exhibited a concentration-
dependent anti-inflammatory effect when tested on lipopolysaccharides
(LPS)-activated microglia without causing any cytotoxicity. When pretreated with LIG

at concentrations of 2.5, 5, 10, and 20 umol/l, it led to a reduction in LPS-induced NO
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production by 75.9 %, 54.4 %, 43.1 %, and 47.6 %, respectively. Similarly, TNF-a
content decreased to 86.2 %, 68.3 %, 40.1 %, and 39.9 %, Interleukin-1f (IL-1p)
content to 31.5 %, 27.7 %, 0.6 %, and 0 (P < 0.01), and MCP-1 content to 84.4 %,
50.3 %, 45.1 %, and 42.2 %, respectively, compared to LPS treatment alone. LIG at a
concentration of 10 umol/l significantly inhibited LPS-stimulated immunoreactivity of
activated nuclear factor kB (NF-xB), cyclooxygenase-2 (Prostaglandin-endoperoxide
synthase 2), and inducible nitric oxide synthase (iNOS). This evidence suggests that
LIG possesses strong anti-inflammatory properties against microglia by inhibiting the
NF-«xB pathway. These findings highlight the potential neuroprotective effects of LIG
and its prospective application in treating neuroinflammatory diseases characterized by
excessive microglial activation [287, 288].

Su et al., in their 2011 study [289], aimed to investigate the effects of
Ligustilide (LIG) on inflammation induced by lipopolysaccharide (LPS) in RAW
264.7 macrophages. They observed that LIG significantly suppressed the production
of nitric oxide (NO), prostaglandin E2 (PGE2), and tumor necrosis factor-alpha
(TNF-a). The inhibition of NO production was accompanied by a decrease in both
protein and mRNA levels of LPS-induced inducible nitric oxide synthase (iNOS).
Moreover, LIG effectively inhibited the activation of activator protein-1 (AP-1) and
nuclear factor-kappa B (NF-«B) in the nucleus, as well as the cytosolic degradation of
IkBa. LIG also inhibited the phosphorylation of IkB kinase (IKK) and mitogen-
activated protein kinases (MAPKs), including p38 MAPK, extracellular signal-
regulated kinase (ERK1/2), and c-Jun N-terminal kinase (JNK). Additionally, the
intracellular reactive oxygen species (IROS) level was significantly reduced. These
findings suggest that LIG possesses anti-inflammatory properties by blocking the
activation of MAPKs/IKK and downstream transcription factors AP-1 and NF-«B,
possibly through the down-regulation of iROS production [288, 289].

Furthermore, in the context of ischemia-reperfusion (I/R) injury, LIG was
found to have significant neuroprotective effects. It led to a reduction in neurological
deficit score, infarct volume, and RTP801 expression while increasing erythropoietin

(EPO) transcription in I/R rats. Additionally, LIG increased cell viability and EPO
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levels while reducing lactate dehydrogenase (LDH) and RTP801 in I/R neurons. The
positive effects of LIG on phosphorylated extracellular signal-regulated kinase
(p-ERK), cell viability, and EPO were significantly blocked by PD98059 but not by
LY294002 and SB203580. Transfection of SH-SYS5Y cells with RTP801 plasmid DNA
induced an increase in RTP801 levels and LDH release, and LIG effectively inhibited
the effects of transfection on RTP801 expression while increasing cell viability. These
findings suggest that LIG plays a significant neuroprotective role against I/R injury by
promoting EPO transcription through the ERK signaling pathway and inhibiting
RTP801 expression, making it a potential candidate for the prevention and treatment
of ischemic disorders [287, 290].

Research into the antispasmodic activity of Angelica sinensis extract has
spanned several decades. In one study, cell culture techniques were employed to
investigate the mechanism by which Angelica polysaccharide (APS) inhibits the
proliferation of HaCaT cells, which are spontaneously transformed aneuploid immortal
keratinocyte cells derived from adult human skin. The study utilized trypan blue
staining and flow cytometry to assess the impact of APS on HaCaT cell proliferation.
The cell growth curve revealed that APS, within a dose range of 25-2500 mg/l,
significantly inhibited HaCaT cell growth in a dose-dependent manner. Flow
cytometry results indicated a reduction in the S phase and G2/M phase of HaCaT cells,
along with a remarkable increase in the GO/G1 phase of HaCaT cells when treated with
250 mg/l APS. This study suggested that APS effectively inhibits HaCaT cell
proliferation by disrupting the mechanism of DNA synthesis and preventing these cells
from entering the S phase [287].

In another study, the effects of intrauterine hypoxia on the proliferation and
differentiation of neural stem cells (NSCs) in neonatal rats were explored, along with
the protective role of Amgelica injection under hypoxic conditions.
Immunohistochemistry and image processing systems were employed to analyze the
expression of glial fibrillary acidic protein (GFAP) and neuron-specific enolase (NSE).
The study yielded the following results: (1) Expression of GFAP-positive cells in the

hippocampus of neonatal rats in the hypoxia group was higher than in the control
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group; (2) Expression of NSE-positive cells was lower in the hypoxia group compared
to the control group; (3) Expression of GFAP-positive cells in the hippocampus of
neonatal rats was lower in the angelica group than in the hypoxia group, whereas
expression of NSE-positive cells was higher in the angelica group than in the control
group. These findings indicated that hypoxia stimulates the proliferation of NSCs in
neonatal rats and promotes the differentiation of NSCs into glial cells. Simultaneously,
the number of neurons in the hippocampal CA3 area decreased. Angelica injection
attenuated the ability of NSCs to proliferate and differentiate into glial cells following
hypoxia, and it also effectively mitigated the loss of neurons. Thus, it was suggested
that angelica injection has a protective effect on the nervous system of neonatal rats
exposed to intrauterine hypoxia [287].

The hepatoprotective effects of polysaccharides from various preparations of
Angelica sinensis were the focus of a recent study. Polysaccharides are significant
chemical compounds found in Angelica sinensis, known for their effectiveness in
treating liver diseases and providing hepatoprotection. However, the specific molecular
mechanisms of polysaccharides from different Angelica sinensis products have not
been thoroughly investigated. This study aimed to evaluate the effects and potential
mechanisms of polysaccharides from different Angelica sinensis products in
countering carbon tetrachloride-induced liver injury in mice.

Liver injury was induced by intraperitoneal injection of carbon tetrachloride
(CCly) in the mice. Gas chromatography-mass spectrometry (GC-MS) in combination
with pattern recognition methods, such as principal component analysis (PCA) and
partial least squares-discriminant analysis (PLS-DA), were employed to identify
differentiating metabolites in both plasma and liver tissue.

The results showed that the PCA and PLS-DA score plots of the liver injury
group clustered distinctly from the control group. However, the groups treated with
polysaccharides from charred Angelica sinensis (ASTP), parched Angelica sinensis
with soil (ASTUP), parched Angelica sinensis with wine (ASJP), and parched Angelica

sinensis with sesame o1l (ASYP) clustered closely with the control group. This suggests
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that the metabolic profiles of the ASTP, ASTUP, ASJP, and ASYP groups closely
resemble those of the control group.

Several potential metabolite biomarkers were identified, including citric acid,
succinic acid, glycine, palmitelaidic acid, arachidonic acid, fumaric acid, malic acid,
valine, alanine, and hexadecanoic acid (in both liver homogenates and plasma).
Functional pathway analysis indicated that the alterations in these metabolites are
associated with lipid, amino acid, and energy metabolism [291].

Notably, ASTP appeared to have a potential pharmacological effect by
regulating multiple perturbed pathways back to their normal state. The study suggests
that ASTP, ASTUP, ASJP, and ASYP intervene in the metabolic processes of liver
injury in mice by affecting lipid and amino acid metabolism.

Metabonomics, as demonstrated in this study, is a robust and promising
approach for identifying biomarkers and elucidating the mechanisms underlying

diseases, which is highly relevant in the context of drug discovery [292].

Efficiency and safety studies

UDCA has emerged as a prominent treatment option for liver and bile duct
disorders over the past three decades. Its application has significantly broadened to
encompass a wide range of conditions, including PBC, PSC, chronic hepatitis with
cholestatic features (especially in cases involving alcohol or medications), cystic
fibrosis, biliary tract atresia, post-transplant cholestasis, cholestasis associated with
parenteral nutrition, intrahepatic cholestasis during pregnancy, chronic viral hepatitis
(either as a standalone therapy or in combination with antiviral treatment), and NASH.
Additionally, UDCA is now utilized in the management of conditions like biliary reflux
gastritis, reflux esophagitis, postcholecystectomy syndrome, disturbances in
antroduodenal motility in various upper gastrointestinal tract diseases, and atherogenic
dyslipidemia. Its formal indications include the dissolution of cholesterol gallstones in
the gallbladder, treatment of gastritis resulting from bile reflux, and symptomatic
management of PBC during the compensation phase. Beyond these established uses,

UDCA is frequently employed in pharmacotherapy for various clinical conditions such
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as acute and chronic hepatitis of diverse origins and cholestasis. Following reports of
UDCA's effectiveness in dissolving gallstones, it has even served as a non-surgical
alternative for cholelithiasis treatment. [60, 208, 274, 293]

Ukrainian clinicians conducted a study [293] to investigate the effectiveness
and safety of UDCA drugs. One of their studies revealed that when UDCA was
administered at a dosage of 15 mg/kg/day in 2-3 divided doses over the course of a
month, complete dissolution of gallstones was observed in patients. It's worth noting
that these gallstones were relatively small, ranging from fine dispersed particles to
7-8 mm in diameter, and they were often present in multiple numbers, ranging from
2to0 3.

In another clinical study, the efficacy and safety of UDCA drugs were evaluated
in the oral treatment of 70 patients. Oral litholithic therapy represents a truly non-
invasive approach for treating gallstone disease (GSD). This therapy offers several
advantages, including the absence of significant side effects, a low risk of mortality,
and the possibility of outpatient treatment. However, as demonstrated by clinical
research [293], successful gallstone dissolution through this method is contingent on
strict patient selection criteria:

1.  Gallstone Size: Gallstones should not exceed 15 mm in size.

2. Composition: The gallstones should consist primarily of cholesterol and not
produce shadows on X-rays or an “acoustic path” on ultrasound.

3. Gallbladder Function: The gallbladder must maintain normal function, and
the bile ducts should be clear and unobstructed.

4.  Gallbladder Filling: The gallbladder should contain gallstones occupying
less than half of its volume.

5. Bile Duct Clearance: The bile ducts should be free of gallstones.

Patients were also cautioned not to take clofibrate, estrogens, cholestyramine,
or antacids during the litholithic therapy period, as these substances contain compounds
that can bind bile acids. Additionally, the regular and consistent intake of UDCA was
crucial for the successful dissolution of gallstones. Patient selection was also

influenced by the observation that the most favorable conditions for oral lithotripsy are
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typically found in the early stages of the disease, when GSD is uncomplicated, bile
duct episodes are infrequent, and there is only a moderate level of pain.

Seventy patients with GSD were monitored under supervision, comprising 18
men and 52 women. Abdominal ultrasound examinations were conducted using
Toshiba-33 and Aloka-630 machines (Japan). It's noteworthy that cholelithiasis was
incidentally discovered in these patients, as they were unaware of its presence. Their
primary complaint was a feeling of heaviness in the right hypochondrium. This
examination and treatment period spanned from 2002 to 2007. The average age for
men was (56.4 + 2.9) years, while for women, it was (48.7 &+ 3.4) years.

Regarding body weight, 20 individuals weighed between 60-70 kg, 30 patients
fell into the 71-80 kg range, and the remaining 20 patients weighed between 81-90 kg.
Excess body weight was prevalent among half of the patients, with women being the
majority. The majority of patients (65 out of 70) followed a diet predominantly
composed of refined foods.

All patients had their liver's functional state assessed based on various
biochemical parameters, including bilirubin levels, total protein, protein fractions, and
the activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyltransferase (GGT), and alkaline phosphatase (ALP). Biochemical
analyses of blood and ultrasound scans were conducted at intervals of 1, 3, 6, 9, and
12 months from the commencement of treatment.

In the biochemical analysis, a slight increase in the total bilirubin level was
observed in 8 patients, while other indicators remained within the normal range. All
patients were found to have cholesterol gallstones, which were typically round or oval
in shape and were identified based on specific criteria [293]. The number of gallstones
in the gallbladder ranged from 2 to 5. Among them, 30 patients had gallstones
measuring up to 5 mm, another 30 had stones measuring between 6-8 mm, and the
remaining 10 patients had stones measuring 10 mm or larger.

UDCA was administered at a dosage of 10 mg/kg/day, and the treatment
duration varied from 1 month to 1 year. Patients were instructed to take UDCA capsules

without chewing, typically before bedtime, ensuring a consistent release of the drug
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throughout the day. Patients were provided with information about the
pharmacological properties of UDCA, the expected duration of treatment, and
anticipated results. Additionally, all patients were prescribed diet no. 5, also known as
Pevzner's diet.

After 1 month of treatment, complete dissolution of gallstones was observed in
10 patients who had small, solitary gallstones. This number increased to 26 patients
after 3 months, 21 patients after 6 months, 4 patients after 9 months, and 3 patients
after 12 months of treatment. Among the 6 patients who initially had gallstones
measuring up to 10 mm, their size was reduced to 2-5 mm. In one patient, calcinosis of
gallstones with an acoustic shadow, as observed on ultrasound, developed, leading to
the discontinuation of UDCA treatment. Patients with stones that initially appeared
resistant to dissolution were subjected to an additional 2-month treatment course, after
which their gallstones completely dissolved.

Globally, only one meta-analysis has been conducted to date, comprising
23 randomized controlled trials (RCTs) examining the efficacy of UDCA and CDCA
in treating cholelithiasis [294]. This analysis involved 1949 patients who adhered to
recommended medication doses for more than 6 months. The most favorable outcomes
were achieved when UDCA was administered at doses exceeding 7 mg/kg/day,
resulting in the dissolution of concretions in 37.3 % of the patients.

Despite the fact that gallstones primarily consist of cholesterol and should
theoretically dissolve, a significant portion of gastroenterologists still hold reservations
based on the results of the mentioned meta-analysis, and they consider the actual rate
of gallstone dissolution to be around 10 %. Patients seeking UDCA treatment should
have cholesterol-based (non-bilirubin) concretions without signs of weighing less than
20 mm in diameter and free-flowing bile ducts. Most clinicians view UDCA as
optimally effective for cholelithiasis treatment at doses not exceeding 10 mg/kg/day,
as increasing the dosage further does not significantly enhance the therapeutic effect.
On average, gallstone diameter tends to reduce by about 1 mm per month during
litholithic therapy. Concretions exceeding 20 mm in diameter have a negative impact

on the speed of dissolution and overall success of litholithic therapy. The absence of
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noticeable changes or minimal reduction in concretion size after 6-12 months of UDCA
treatment indicates a less favorable outlook for dissolution [293]. The chance of
reducing the diameter of large (over 20 mm) or multiple stones through litholithic
therapy does not exceed 40-50 % after the first year of treatment [275].

In 2012, a meta-analysis examining the hepatoprotective properties of UDCA
was conducted, based on the results of 3 randomized controlled trials (RCTs) involving
microscopic evaluation of biopsy specimens. The analysis revealed a reduction in
globular inflammation and serum gamma-glutamyltransferase (GGT) levels [295].

The most pronounced therapeutic effects of UDCA are observed in patients
with PBC and PSC. Previous meta-analyses of RCTs showed that UDCA not only
improved patients' well-being and biochemical parameters but also alleviated itching
and had an impact on survival. However, a more recent systematic review did not
confirm these findings [296]. This review encompassed 16 RCTs involving
1,447 patients and did not demonstrate significant benefits of adding UDCA to
standard treatment regimens in terms of outcomes like disease-related mortality,
overall mortality, or the need for liver transplantation. It also did not significantly
improve the intensity of itching and fatigue. The inconsistency with previous results
may be attributed to the inclusion of patients with severe and terminal stages of the
disease, where UDCA treatment may not be effective.

A similar situation was observed in patients with PSC. In 2011, a group of
Greek researchers, led by S. Triantos, conducted a meta-analysis of 8 placebo-
controlled studies involving 567 patients to assess the treatment outcomes [297]. This
study took place in the last decade and focused on the impact of high doses of UDCA
(> 15 mg/kg) on the course of the disease. The findings indicated that the drug did not
lead to a reduction in mortality, itching intensity, general weakness, or the risk of
cholangiocarcinoma. Furthermore, there was no significant change in the histological
picture. These results were corroborated the following year by a meta-analysis
conducted by G. Poropat and colleagues. Despite potential improvements in
biochemical parameters, this analysis did not show a reduction in the risk of death or

improvement in the histological picture [298]. UDCA did not decrease the need for
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transplantation and did not prevent the development of portal hypertension and
encephalopathy.

A double-blind, double-simulated, randomized (1:1), cross-linked, multi-center
clinical trial was conducted in eight centers in Germany and one in the Netherlands.
This trial followed a two-stage, group-level, adaptive design and examined two
different forms of UDCA administration: tablets and capsules [299]. A total of
65 patients participated in the trial and were randomized. The study found that UDCA
tablets and UDCA capsules had an equal therapeutic effect on serum biochemical
parameters, demonstrating therapeutic equivalence. In terms of safety, a total of
98 adverse events (AEs) were recorded, with AEs reported in 43 out of 64 (67.2 %)
patients. The overall incidence of AEs during treatment with UDCA tablets was very
similar to that observed with UDCA capsules: 28 out of 62 (45.2 %) patients and 29 out
of 61 (47.5 %) patients, respectively. Most AEs were related to digestive disorders,
such as upper abdominal pain, bloating, abdominal distension, nausea, and vomiting.
No deaths were reported during the study, but two serious side effects unrelated to
UDCA therapy led to hospitalizations—one patient required a nasal septum operation,
and another underwent aortic valve replacement due to stenosis. Overall, both UDCA
formulations were well-tolerated, and the safety analysis revealed a similar safety
profile for UDCA tablets and capsules.

The study also assessed therapeutic efficacy using clinically relevant
parameters, including ALT, AST, and GGT, and found that the maximum effect of
UDCA on liver function parameters was generally observed after 8 weeks. Clinical
efficacy of both UDCA capsules and tablets in patients with PBC was demonstrated,
and this was further supported by the results of a pharmacokinetics study at a daily
dose of 15 mg/kg. Both forms of UDCA were well-tolerated and had similar safety
profiles. Notably, a significantly larger number of patients (45.3 %) preferred taking
tablets compared to capsules (15.6 %).

According to evidence-based medicine, the hepatoprotective effect of UDCA
remains somewhat uncertain. Traditional endpoints like death or organ transplant may

not always be sufficient to demonstrate the effectiveness of hepatoprotective agents.
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Many systematic reviews on UDCA pharmacotherapy emphasize the lack of high-
quality randomized trials that are free from systematic errors, random errors, and biased
results. Therefore, a conclusive determination of UDCA's hepatoprotective properties
will likely require future studies designed with these considerations in mind.

Recently, a relatively new area of study for UDCA has emerged, focusing on
biliary sludge, which represents an initial manifestation of gallstone disease (GD)
[300]. This research has generated particular interest not only among
gastroenterologists but also among general practitioners and family physicians. Biliary
sludge 1s defined as a thick, viscous suspension in the gallbladder containing dense
structures (0.05-1.2 mm crystals) and small concretions, measuring up to 2-3 mm in
diameter. Another term for biliary sludge is biliary microlithiasis, which refers to the
presence of thickened bile in the gallbladder that creates a distinct echo structure when
observed by ultrasound and moves slowly when the patient changes position.

The clinical significance of biliary sludge has been a subject of debate because
some patients experience its spontaneous disappearance (in about 18-70 % of cases).
However, biliary sludge is rarely asymptomatic. Research indicates that in 25-70 % of
patients, the presence of biliary sludge is associated with symptoms such as biliary
dyspepsia, pain episodes (colic in 9-15 % of patients), and dysfunction of the sphincter
Oddi. One of the most serious complications of biliary sludge, in addition to biliary
colic attacks, includes episodes of cholecystitis, cholangitis (including purulent forms),
the development of gallstone disease, and stenotic papillitis. Notably, biliary sludge is
believed to be responsible for the development of acute idiopathic pancreatitis in
33-90 % of patients, according to various authors [300].

In accordance with the classification of gallstone disease (GSD) by the Russian
Gastroenterologists Association in 2003 [301], biliary sludge is considered an early
manifestation of the disease, typically occurring in its initial stage. Therefore, in many
cases involving the presence of biliary sludge, medical intervention is not only possible
but also advisable, often involving the use of UDCA preparations. Successful
prophylaxis of gallstone disease can be achieved through drug therapy, particularly for

individuals who are overweight and seeking to lose weight.
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In 2007, Germany adopted recommendations for the diagnosis and treatment
of GSD. According to these guidelines, administering UDCA at a daily dose of no less
than 500 mg for 3-6 months significantly reduces the risk of developing gallstone
disease, especially in individuals undergoing rapid weight loss (losing over 1.5 kg per
week) [302].

UDCA preparations are intriguing not only for their hepatotropic (liver-
focused) properties but also for their numerous extrahepatic clinical effects. One
relatively recent indication for the use of UDCA 1is in cases of reflux gastritis and
esophagitis resulting from alkaline biliary reflux. The hydrophilic nature of UDCA and
its choleretic (bile-promoting) effect are important for protecting the esophagus and
stomach. UDCA competes with toxic hydrophobic bile acids for receptors and
promotes the induction of cholerexis, where bile rich in bicarbonate aids in eliminating
harmful bile acids through the intestine.

It has been determined that alkaline gastroesophageal reflux occurs in 5-20 %
of patients with gastroesophageal reflux disease (GERD). During this pathological
reflux of duodenal contents, the mucin barrier of the esophageal mucosa is
compromised, exposing it to aggressive pancreatic enzymes, particularly trypsin, and
bile acids. This can complicate the course of GERD and potentially lead to the
development of Barrett's esophagus and esophageal adenocarcinoma [300].

Recent studies have provided insights into the optimal dosage of UDCA
(ursodeoxycholic acid) for bile reflux, indicating that 500 mg per day (250 mg in two
doses) is effective. This dosage is preferred because it allows the bile acids present in
the refluxate to interact with UDCA in a water-soluble form, causing less irritation to
the stomach and esophageal mucosa. The treatment course for biliary reflux typically
lasts for at least two months. In experiments and clinical studies, UDCA has
demonstrated cytoprotective properties for safeguarding the mucous membranes of the
stomach and esophagus. UDCA 1is believed to stabilize cell membranes by
incorporating into the phospholipid layer, increasing their resistance to harmful factors.
Additionally, the use of UDCA medications reduces subjective symptoms of gastric

dyspepsia [302, 303].
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UDCA also has extrahepatic effects related to inflammatory bowel disease and
the primary and secondary prevention of colorectal cancer associated with
inflammatory bowel disease. For example, UDCA has shown a prophylactic effect on
colorectal cancer progression in patients with poorly differentiated dysplasia. In one
study, patients who received UDCA for 2 years did not experience deterioration,
whereas 22.2 % of patients who did not take UDCA progressed to dysplasia requiring
colectomy [304].

In patients with PBC, clinical trials have explored the potential of
tauroursodeoxycholic acid TUDCA as an alternative to UDCA for chronic cholestatic
liver disease. However, direct comparisons between TUDCA and UDCA in PBC have
been limited.

One study compared the effects of UDCA and TUDCA in 23 patients with PBC
in a crossover clinical trial [305]. Both drugs were administered in a randomized
manner at a daily dosage of 500 mg during two 6-month periods, with a 3-month
washout period in between. Both UDCA and TUDCA consistently improved
biochemical parameters in blood serum, including enzyme levels reflecting liver
function and associated with cholestasis and cytolysis. However, no significant
differences were found in the pharmacological effects of these two bile acids. Both
preparations were well-tolerated, and none of the patients reported side effects. In the
short term, TUDCA appeared to be safe and at least as effective as UDCA in the
treatment of PBC [305].

Another group of researchers has shown interest in TUDCA, which, due to its
high hydrophilicity, holds significant therapeutic potential for the treatment of chronic
cholestatic liver disease. They conducted a study to explore the relationship between
the pharmacological effect of TUDCA and its dosage in 24 patients with PBC who
were randomly assigned to receive daily doses of 500 mg, 1000 mg, or 1500 mg of
TUDCA for six months. The study found that the level of UDCA bile saturation ranged
from 15 % to 48 % and was not related to the dose of the drug. Biochemical parameters
in blood serum, including enzyme levels reflecting liver function and those associated

with cholestasis and cytolysis, decreased significantly after the first month of treatment
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with all three doses of TUDCA. At the interim control point, there were no significant
differences between the three doses, but further reductions in biochemical parameters
occurred in patients receiving 1000 mg and 1500 mg of TUDCA per day. There was a
significant decrease in the levels of total cholesterol and cholesterol in high-density
lipoprotein in patients who received the two higher doses. Diarrhea was the only
reported side effect. Based on the final analysis of all the data from the clinical study,
the optimal TUDCA dose for long-term use in patients with PBC was determined to be
10 mg/kg/day [306].

These studies have demonstrated that with bile acids not only enhances their
hydrophilicity and solubility but also has a substantial impact on the solubility of
cholesterol, leading to increased excretion. The introduction of taurine itself has also
been shown to lower serum cholesterol levels in individuals. In a clinical blind placebo-
controlled study involving 22 healthy male volunteers aged 18-29, participants were
randomly assigned to two groups receiving a high-fat/high-cholesterol diet for three
weeks to raise serum cholesterol levels. The experimental group received 6 grams of
taurine daily. At the end of the trial period, the control group had significantly higher
levels of total cholesterol and low-density lipoprotein cholesterol than the taurine group
[307]. Taurine's ability to improve lipid profiles has also been studied by other
researchers [308, 309].

Several clinical trials have explored the choleretic and hypolipidemic
properties of artichoke extract and its effects in patients with gastrointestinal
symptoms, including dyspepsia, functional bile duct disorders, constipation, and
stomach irritation. One randomized, double-blind, placebo-controlled, cross-sectional
study involved 20 volunteers and evaluated the choleretic effect of a single
administration of artichoke extract at a dose of 1.92 grams. Bile secretion was
monitored using multichannel probes starting 30 minutes after taking the drug and
continuing for 4 hours. Both groups, with artichoke extract and placebo, showed
increases in bile secretion. The group receiving artichoke extract experienced a
maximum increase of 152 % in bile secretion 60 minutes after taking the drug, while

the placebo group had a 40 % increase reached in 30 minutes. Statistically significant
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differences between the artichoke extract and placebo groups were observed after
30, 60, and 90 minutes after taking the drug (p <0.01), as well as 120 and 150 minutes
after taking the drug (p <0.05) [310]. The results of other clinical studies, both placebo-
controlled and uncontrolled, on the choleretic effects of artichoke extract have been
summarized in a review [215].

The effects of artichoke extract were also investigated in several studies
involving patients with non-specific gastrointestinal complaints, including dyspepsia,
functional bile duct disorders, constipation, and stomach irritation. Patients were given
up to six capsules of artichoke extract daily for either six weeks (in the first study) or
six months (in the second study). Each capsule contained 320 mg of standardized
artichoke water extract. Both studies reported improvements in clinical symptoms and
reductions in total cholesterol and triglyceride levels in patients' blood serum compared
to baseline values. An analysis of a subgroup of 279 patients with at least three out of
five symptoms of irritable bowel syndrome indicated a significant reduction in the
severity of symptoms after taking artichoke extract [311].

The effectiveness of artichoke extract in patients with hyperlipoproteinemia
was assessed in a randomized, double-blind, placebo-controlled, multicenter study
involving 143 patients with initial total cholesterol concentrations greater than
7.3 mmol/L. Participants were given artichoke extract at a daily dose of 1800 mg,
divided into two doses, or a placebo for six weeks. At the end of the study, the group
receiving artichoke extract experienced an average reduction in total cholesterol
concentration of 18.5 %, while the placebo group had an 8 9% reduction
(p <0.0001) [312].

Another randomized, double-blind, placebo-controlled study of artichoke
extract also showed a significant reduction in low-density lipoprotein cholesterol
compared to placebo (p = 0.0001) [313]. The average baseline total cholesterol levels
in participants in this study were low. Subgroup analysis revealed hypolipidemic
effects of artichoke extract. However, the number of participants in this trial was small

and insufficient.
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Additionally, a series of three open, uncontrolled studies investigated the
administration of concentrated artichoke juice (derived from fresh leaves and flower
buds) at a dose of 10 ml three times a day for 12 weeks in 84 patients with secondary
hyperlipidemia [314]. Six weeks after treatment, total cholesterol, low-density
lipoprotein cholesterol, and triglyceride concentrations decreased, while high-density
lipoprotein cholesterol tended to increase.

A number of clinical trials have explored the use of preparations based on
Angelica sinensis extract in the treatment of gynecological and even oncological
diseases, alongside their application in gastroenterology. In one retrospective
observation, a group of 200 gynecological outpatients with dysmenorrhea and irregular
menstruations, aged 16-46, were treated with the product 'Concentrated Danggui Wan'
and another combination of Angelica and Astragalus.

The patients in this study had conditions that persisted from 6 months to
12 years, with an average duration of 5 years. Inclusion criteria were based on three
groups of symptoms:

1. Dysmenorrhea: This included premenstrual and menstrual abdominal pain
that significantly affected work and daily activities, and had shown an inadequate
response to antispasmodic treatment.

2. Irregular menstrual cycle: Defined as a menstrual cycle shorter than 20 days
or longer than 35 days, or menstruation lasting for more than 7 days in 2 consecutive
months.

3. Reduced menstrual flow: This category included menstrual periods lasting
less than 2 days or showing a progressive decline in menstrual flow.

The treatment group (148 cases) received daily doses of Concentrated Danggui
Wan. Each dose unit “pill” contained 0.25 g of the drug, and patients took 10-20 pills
twice a day with lukewarm water. Each treatment lasted for 4 weeks, and each patient
received 2-3 treatments. During the treatment, the use of other medications for
dysmenorrhea and irregular menstruation was prohibited.

The control group (52 cases) took large honey-based Angelica pills daily,

which contained Angelica and Astragalus. They took 9 g of these pills twice a day, and
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each treatment lasted for 4 weeks. Each patient normally received 2-3 treatments.
Other medications for these conditions were also prohibited during the treatment.

The effects of the treatment and any side effects were measured and assessed
based on a 3-step scale:

Significantly effective: Abdominal pain significantly reduced, no longer
affecting daily activities and work; menstrual cycle largely normalized (less than 5 days
early or late); menstrual flow increased by at least one third compared to before
treatment; menstruation lasted for 5-7 days, and other symptoms were alleviated or
disappeared.

Effective: Abdominal pain reduced, and with the help of painkillers, the patient
could remain at work. Menstrual problem symptoms improved but to a lesser extent
than in the “significantly effective” group.

Ineffective: No improvements in abdominal pain and other problems; no
changes in menstrual cycle or flow.

The results of the treatment were as follows:

In the treatment group:

 Significantly effective in 59 / 148 patients (39 %)
« Effective in 81 / 148 patients (54 %)
o Ineffective in 7 / 148 patients (4 %)
In the control group:
 Significantly effective in 27/52 patients (52 %)
« Effective in 18 / 52 patients (34 %)
o Ineffective in 7/ 52 patients (13 %)

The author of the study stated that “there have been no clear side-effects in
using Concentrated Danggui Wan for treating dysmenorrhea and irregular
menstruation”. In a few cases, patients developed mild nausea, but this symptom
quickly disappeared when the treatment was halted. Unfortunately, more detailed data
on side effects were not provided [254].

Another study, outlined in [315], aimed to investigate platelet dysfunction in

patients with ulcerative colitis (UC) and assess the role of Angelica sinensis injection
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(ASI]) in this context. The study involved 39 patients with active UC, 25 with remissive
UC, and 30 healthy individuals. Various parameters, including a-granule membrane
protein (GMP-140) and thromboxane B2 (TXB2) measured using enzyme-linked
immunosorbent assay (ELISA), 6-keto-PGFla measured via radioimmunoassay,
platelet count (PC), 1-minute platelet aggregation rate (1 min PAR) assessed with
blood automatic testing, and von Willebrand factor related antigen (VWF:Ag)
determined through monoclonal-ELISA, were analyzed.

The 64 UC patients were divided into two treatment groups. After receiving
routine treatment and ASI in conjunction with routine treatment for three weeks, these
parameters were reassessed. In patients with active UC, PC, 1 min PAR, and levels of
GMP-140, TXB2, and vWF:Ag were significantly higher compared to those with
remissive UC and healthy controls (P < 0.05-0.01). Moreover, in patients with
remissive UC, 1 min PAR and levels of GMP-140, TXB2, and vWF:Ag remained
significantly higher than those in healthy controls (P < 0.05). Conversely, the level of
6-keto-PGF1a was significantly lower in both active and remissive UC compared to
normal controls (P < 0.05-0.01).

Following treatment, these parameters, except for 6-keto-PGFla, showed
significant improvements in the ASI therapy group (P < 0.05-0.01), while there were
minimal changes in the routine therapy group (P > 0.05). The authors concluded that
platelets could become significantly activated in UC, potentially due to vascular
endothelial injury and an imbalance between TXB2 and 6-keto-PGFla in the
bloodstream. ASI was found to effectively inhibit platelet activation, alleviate vascular
endothelial cell injury, and enhance microcirculation in UC.

Furthermore, there have been reports of the use of Angelica sinensis
preparations for managing hemorrhoids, as discussed in [316]. Limited and modest
evidence suggests that certain herbal formulations containing components such as
Radix Sanguisorbae, Radix Rehmanniae, Fructus Sophorae, Radix Angelicae Sinensis,
Radix Scutellariae, among others, may provide short-term relief for symptoms
associated with hemorrhoids. These symptoms may include hematochezia (bloody

stools), congestive hemorrhoidal cushions, and inflammation of the perianal mucosa.
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Own clinical studies of the preparation

In recent years, there has been accumulating experience in the use of
Choloplant-Tau capsules (containing artichoke leaf extract 200 mg, ursodeoxycholic
acid 100 mg, taurine 100 mg, and Angelica sinensis extract 50 mg) for the treatment of
biliary disorders [149, 150]. This particular preparation has been studied in
combination therapy for patients with dysfunction of the sphincter Oddi [150].

The use of this complex of drug substances has proven effective in several
aspects. It helps restore the normal drainage function of the biliary tract, enhances bile
drainage, reduces the lithogenic (gallstone-forming) properties of bile, thus preventing
the formation of gallstones. Additionally, it normalizes the motor function of the biliary
tract, restores the tone of the sphincter Oddi, and increases the body's antioxidant
protection.

A clinical examination was conducted on 23 patients who had experienced
sphincter Oddi dysfunction following cholecystectomy. The duration of the condition
in these patients ranged up to 2 years, and their ages ranged from 19 to 74 years (with
a mean age of 54.05 + 3.22 years). The diagnosis was confirmed through clinical,
laboratory, and instrumental methods. Prior to treatment, 21 patients (91.3 %) reported
experiencing moderate pain and a feeling of heaviness in the right upper abdomen,
14 (60.9 %) reported bitterness in the mouth, 18 (78.2 %) reported nausea, 16 (69.5 %)
reported flatulence, and 12 (52.1 %) reported digestive disturbances.

Biochemical tests showed elevated cholestatic parameters before treatment,
with bilirubin at 34.6 + 2.7 pmol/l and cholesterol at 8.3 + 0.6 mmol/l. Ultrasonography
revealed an enlargement of the common bile duct in 22 (95.6 %) of the patients.
Patients were administered the drug at a dosage of 2 capsules three times a day, and
the effectiveness of the treatment was assessed on the 21 day.

After the treatment period, all patients who had reported pain and discomfort
in the right upper abdomen experienced relief (100 %). Symptoms such as bitterness
in the mouth and nausea improved in 16 (69.5 %) and 20 (86.9 %) patients,
respectively. Flatulence was alleviated in 14 (60.8 %) patients, and 11 (47.8 %) patients

reported normalization of their bowel movements. Biochemical parameters
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demonstrated normalization in all patients, with a 2-fold reduction in total bilirubin
levels to an average of 17.3 + 2.7 umol/l and a decrease in cholesterol levels to
5.8 £ 0.3 mmol/I (p <0.05 compared to pre-treatment levels). Ultrasonography showed
that choledoch dimensions had returned to normal in 19 (82.6 %) patients.

These findings suggest that the use of this drug is beneficial in the treatment of
sphincter Oddi dysfunction following cholecystectomy. It demonstrates a significant
therapeutic effect in this condition, reduces the lithogenic properties of bile, and helps

prevent the development of gallstone formation.

Pharmaceutical quality profile for promised preparation

The quality specification for a new drug was established by taking into
consideration various factors. These factors included the findings from prior studies
conducted by the manufacturer and the experiences documented by other researchers
regarding the analytical standardization of drugs based on UDCA and
phytopharmaceutical products [317-322]. Additionally, the specification was
developed in compliance with regulatory requirements, specifically those outlined in
the European Pharmacopoeia (Ph. Eur.), 9th Edition [323].

To ensure the accuracy and comprehensiveness of the specification, established
guidelines were followed. The "Note for Guidance Specifications: Test Procedures and
Acceptance Criteria for New Drug Substances and New Drug Products: Chemical
Substances" (CPRM/ICH/367/96) served as a valuable reference during the
specification development process. Moreover, the manufacturer's own specifications
for UDCA, taurine, and artichoke extract were taken into account.

This rigorous approach to specification development aligns with best practices
in pharmaceutical manufacturing and regulatory compliance, ensuring that the new
drug meets the necessary quality standards and requirements for its intended use.

Identification test. The specification includes additional tests for the
identification of the individual components within the drug, in addition to determining
the quantitative content of the main active substances. Here are the methods used for

1dentification:
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1. Artichoke Extract Identification: To identify the artichoke extract, the
presence of hydroxycholic acids, which are the primary active components of dry
artichoke leaf extract (Cynara scolymus L.), is determined. This identification is
achieved through adsorption spectrophotometry in the ultraviolet region, following the
guidelines of Ph. Eur., 2.2.25 [323], as specified in the assay test. The ultraviolet
absorption spectrum of the test solution within the wavelength range of 250 nm to
400 nm should exhibit maximum absorption at approximately (327 + 2) nm and a
shoulder in the region of (300 £+ 2) nm. This spectral pattern is characteristic of
chlorogenic acid, which is the predominant hydroxycholic acid in dry artichoke leaf
extract.

2. Ursodeoxycholic Acid Identification: For identifying ursodeoxycholic acid,
liquid chromatography 1is employed, following the protocols outlined in
Ph. Eur., 2.2.29 [323], concurrently with the assay test. The retention time of the
primary peak corresponding to ursodeoxycholic acid in the chromatogram of the test
solution should match the retention time of the ursodeoxycholic acid peak in the
chromatogram of the comparison solution.

3. Taurine Identification: Identification of taurine is carried out using thin-
layer chromatography in accordance with Ph. Eur., 2.2.27 [323]. This is performed
simultaneously with the "Impurities of taurine" test. On the chromatogram of the test
solution, the spot representing taurine should align with the location, shape, and color
of the taurine spot in the comparison solution.

4. Polyphenolic Compounds Identification in Angelica Sinensis Extract:
Identification of polyphenolic compounds within the Angelica sinensis extract involves
a qualitative reaction with phosphoric-molybdenum-tungsten reagent P, which results
in the appearance of a blue color.

These identification tests are essential to verify the presence and characteristics
of key components within the drug, ensuring that it meets the specified quality and
composition standards.

The ‘Uniformity of Mass” test ensures that the mass or weight of individual

capsules in the drug product is consistent and falls within acceptable limits. In this case,
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the specification states that no more than 2 individual capsule masses can deviate from
the average mass by more than 7.5 %, and none of them should deviate by more than
15.0 %. These limits have been established based on experimental data and aim to
guarantee that each capsule contains a consistent amount of the drug substance.

The “Related Impurities” test is designed to assess the presence of impurities
in the drug product. The requirements for allowable impurity levels are determined in
accordance with the “Note for Guidance on Impurities in New Drug Products”
(CPMP/ICH/2738/99). This guidance likely provides thresholds and criteria for various
impurities, ensuring that the drug product meets safety and quality standards by limiting
the presence of potentially harmful or undesirable substances.

Both of these tests are crucial quality control measures to confirm that the drug
product is manufactured consistently and meets established safety and efficacy
standards. The specific limits and criteria are set based on scientific data and regulatory
guidelines to ensure the product's safety and effectiveness for patients.

Related impurities of ursodeoxycholic acid include impurity A
(xenodeoxycholic acid) and impurity C (lithocholic acid), which are specific to
ursodeoxycholic acid. The tests for these impurities are conducted using two different
methods:

For impurity A and unidentified impurities, as well as the total amount of
impurities, the HPLC method is employed. This is carried out in accordance with the
requirements specified in the European Pharmacopoeia (Ph. Eur.), 2.2.29 [323].

Specifically, when analyzing the chromatogram of the test solution, the peak area
of impurity A (xenodeoxycholic acid) should not surpass 10 times the area of the main
peak observed in the chromatogram of the comparison solution (equivalent to 1.0 %).
Similarly, the area of any other impurity present should not exceed the area of the main
peak in the chromatogram of the comparison solution (equivalent to 0.1 %). The
cumulative sum of the areas of all impurity peaks should not exceed 15 times the area of
the main peak observed in the chromatogram of the comparison solution (equivalent to

1.5 %).

122



Impurity C (lithocholic acid) can also be detected through the HPLC method,
although its retention time on the chromatogram exceeds 90 minutes when determining
other contaminant impurities of ursodeoxycholic acid. Therefore, the proposed approach
for determining impurity C involves TLC in accordance with Ph. Eur., 2.2.27 [323]. This
method uses a silica gel plate and a mobile phase consisting of ice acetic acid, acetone,
and methylene chloride (in a ratio of 1 : 30 : 60). After treatment with a solution of
phosphoric molybdic acid in a mixture of sulfuric acid and acetic acid, the stained areas
develop a blue color. Importantly, the intensity and size of the stain produced by impurity
C should not exceed that of the ursodeoxycholic acid spot on the comparison solution
(less than 0.1%).

When assessing the related impurities of taurine, the TLC method specified in
Ph. Eur., 2.2.27 is utilized. This is performed on Silicagel 60 F 254 plates using a mobile
phase composed of butanol, ice acetic acid, and water (in a ratio of 60 : 20 : 20). After
treatment with a ninhydrin solution and subsequent heating, solutions containing amino
acids, polypeptides, peptones, and primary amines develop either a blue or violet color.
In this test, it's essential that no stain from the impurity exceeds the size and intensity of
the taurine spot on the comparison solution (less than 0.5 %).

These stringent testing methods are crucial to ensure the purity and quality of the
pharmaceutical product. They help identify and quantify specific impurities in
ursodeoxycholic acid and taurine, maintaining the product's safety and effectiveness.

The dissolution test for these capsules is conducted in six units following the
guidelines outlined in Ph. Eur., 2.9.3, and employs a blade device. The quantity of
ursodeoxycholic acid that has dissolved into the solution is determined using HPLC as
per the requirements specified in Ph. Eur., 2.2.29 [323].

It is suggested to employ a single test point for assessing the release of active
substances. This approach is applicable since it pertains to normal-release dosage forms
containing rapidly soluble active ingredients. The pH levels of the dissolution medium,
such as synthetic gastric juice (pH 8.0) and synthetic intestinal juice (pH 6.8)
recommended in the United States Pharmacopeia monograph for ursodeoxycholic acid

tablets, are not suitable for accurately determining ursodeoxycholic acid when it is
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present alongside other active and concomitant substances. This limitation is due to the
influence of the physicochemical properties of the substance and the auxiliary
components. In these conditions, the chromatogram of the test solution does not exhibit
a clear peak for ursodeoxycholic acid. However, taurine can be reliably determined
under these circumstances.

To optimize the dissolution test methodology and simultaneously determine the
presence of ursodeoxycholic acid and taurine in the capsules, it is proposed to use water
P as the dissolving medium. In this setup, both ursodeoxycholic acid and taurine that
have dissolved into the solution can be reliably detected, and this is supported by
validation and experimental data obtained during pharmaceutical development. The
dissolution tests are conducted in water for a duration of 45 minutes. The capsules are
deemed compliant with the test if the amount of ursodeoxycholic acid and taurine
dissolved into the solution within 45 minutes is at least 85 % (with a 5 % margin) of the
nominal content. This approach is based on both experimental data and Ph. Eur., 2.9.3,
for solid dosage forms with traditional release [323].

Disintegration test. The disintegration test for these capsules is conducted using
the disc method in water, and the capsules are expected to fully disintegrate within
30 minutes. This specification is established based on experimental data, following the
guidelines outlined in Ph. Eur., 2.9.1, test A [323].

Test “Uniformity of dose units”. The determination of taurine involves the
calculation and weighing method, as its content exceeds 25 mg and represents more than
25 % of the dosage form's weight. On the other hand, the direct method is used for
determining the content of artichoke extract and ursodeoxycholic acid since their content
is less than 25 % of the total weight of the medicinal product.

To ensure quality control, the acceptance value (AV) is calculated using the
reference number M for case 1. Specifically, the AV should be less than or equal to
L1 =15 for the first 10 units, or the final AV calculated from 30 units should be less
than or equal to L1 = 15. Additionally, no individual contents in the dosage unit should
be less than 0.75 M and not more than 1.25 M. This criterion must align with the

requirements specified in Ph. Eur., 2.9.40 [323]. It's important to note that this parameter
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1s monitored during the release of the product batch and is not considered a critical factor
in stability studies.

Microbiological purity test. The eligibility criteria for the microbiological
purity of the final non-sterile oral medicinal products are included in the specification in
accordance with the general article Ph. Eur., 5.1.4. These criteria are tested according to
the Ph. Eur., 2.6.12, and 2.6.13 requirements [323]. The established conditions are as
follows: the total number of aerobic microorganisms (TAMS) should not exceed
10° CFU/g, the total number of yeast and mold (TYMS) should be no more than
10> CFU/g, and there should be an absence of Escherichia coli in 1 g of the product.
These specifications ensure the microbiological quality of the oral medicinal product.

Assay test. The proposed specifications for the quantitative content of active
substances involve a + 5 % limit deviation from the declared quantity during release and
a £ 10 % limit during the storage period.

The content of ursodeoxycholic acid is determined through HPLC according to
Ph. Eur., 2.2.29 [323], using refractometric detection on a 5 um octadecyl silicagel
column, 4.6 x 150 mm, based on the average weight of the dosage form. The content of
ursodeoxycholic acid should be within the range of 95.0 % to 105.0 % of the specified
quantity at release and between 90.0 % and 110.0 % throughout the shelf life. This
specification is based on both experimental data and Ph. Eur. requirements.

The quantity of artichoke extract is determined by measuring the hydroxycholic
acid content, which is assessed based on the average weight of the dosage form using
absorption spectrophotometry in the UV region at 327 + 2 nm. This measurement relies
on the optical absorption index of chlorogenic acid, and the hydroxycinnamic acids
content should not be less than 5.0 mg in terms of chlorogenic acid per average weight.
This specification is derived from experimental data as well (Ph. Eur., 2.2.25).

Taurine's quantitative content is determined through the acid-base titration
method. Taurine, due to its amphoteric nature, cannot be directly titrated with an alkaline
solution. The titration is possible when the amino group is blocked by formaldehyde.

The formed compound can then be alkalimetrically titrated using phenolphthalein as an
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indicator. The taurine content should fall within the range of 95.0 % to 105.0 % of the
specified quantity at release and between 90.0 % and 110.0 % throughout the shelf life.

An extensive review of both personal research and existing literature data
regarding a fixed combination of medicinal substances, including artichoke leaf extract
(200 mg), ursodeoxycholic acid (100 mg), taurine (100 mg), and Angelica sinensis roots
extract (50 mg), has been conducted. This review also includes a comprehensive
scientific justification of the pharmaceutical quality profile for the corresponding
finished solid dosage form.

This medication is established as a fixed combination of medicinal substances
with a well-established track record in medical applications for the treatment of
dyspeptic disorders associated with functional abnormalities of the biliary system,
hypokinetic-type biliary dyskinesia, and gastritis with bile reflux. Each component
within this fixed combination plays a crucial role in supporting the human hepatobiliary
system.

Ursodeoxycholic acid's effect is attributed to its ability to partially replace
lipophilic toxic bile acids, enhance hepatocyte secretory function, and regulate immune
responses. These properties are particularly beneficial in the context of liver and
cholestatic diseases. Taurine acts as a synergistic agent with ursodeoxycholic acid by
forming biliary conjugates within the liver. The artichoke extract contributes choleretic,
hepatoprotective, and diuretic effects, while the Angelica sinensis roots extract exhibits
moderate spasmolytic and anti-inflammatory properties.

The fixed combination has demonstrated a favorable safety profile and has
undergone clinical investigations, both as individual components and as a unified
medication, in in vivo clinical settings. The pharmaceutical profile of the fixed
combination adheres to general requirements for solid dosage forms and incorporates
specific parameters and research methodologies that have been experimentally

validated.
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CHAPTER 6.
CURRENT STATE OF THE ANTIVIRAL HERBAL PREPARATIONS
DEVELOPMENT

Viral infections kill millions of people every year. The most aggressive viral
diseases are Ebola and Marburg hemorrhagic fevers, AIDS, influenza, acute respiratory
syndromes MERS and SARS, and many others. And since 2019, a disease caused by
the newly identified coronavirus, COVID-19, has been added to this list.

Viruses are a relatively simple type of organism that is a collection of genetic
information, but they form complex mechanisms of influence, since their ultimate goal
is their own replication. Despite the relative simplicity of viral organisms, vaccines and
effective drugs have not been found for many of them (for example, hepatitis C, HIV,
etc.). Consequently, there is an urgent need to discover new effective and affordable
antiviral drugs to control diseases caused by viruses when vaccines, if developed, and
standard therapies are ineffective. Additional difficulties in the search for potential
drugs of chemical (synthetic) origin are the property of viruses to mutations and the
rapid formation of mechanisms of “addiction” to such drugs [324, 325].

Phytoraw materials provide a huge resource for the development of medicines
of all directions, including antiviral drugs. In numerous research laboratories of
Ukraine and the world, research is being conducted on the creation of new and more
effective medicines of both synthetic and plant origin [324-326]. Therefore, the
analysis of the current state of development of antiviral phytopreparations in Ukraine
and the world is relevant.

Phytopreparations are of particular interest to researchers, as compounds of
natural origin can be used as inhibitors of various viral infections at various stages of
their development and manifestation. And also, what is especially valuable, such herbal
preparations can be used for a long time, do not cause addiction, as they act “gently”
and safely.

Traditional medicine has always been a huge source of various plants for the

treatment of viral diseases even before the advent of specific therapy and the invention
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of antibiotics. A wide range of therapeutic properties of plants is due to the presence
of a wide variety of chemical compound structures (alkaloids, glycosides, saponins,
vitamins, tannins, essential oils, etc.), which have different pharmacological effects not
only on the human body, but also on pathogens. One of the most promising groups of
compounds of plant origin are the secondary metabolites of plants belonging to the
class of polyphenolic compounds, steroids, alkaloids, terpenoids, lignins and other
biologically active substances (BAS) [325-326]. Essential oil plants also occupy one
of the leading places in the treatment and prevention of viral diseases [327].

Since medicinal plants have an infinite variety of chemical constituents, they can
be used to inhibit the replication of both DNA and RNA viruses.

The basis of antiviral therapy is the effect on the virus or its constituent
components at one or another stage of reproduction. In general, according to the
mechanism of action, antiviral agents can be divided into several subgroups: blocking
the penetration and release of the virus genome from the capsule into the host cell,
inhibiting the assembly process of viral particles and their exit from the cell cytoplasm,
blocking the synthesis of viral RNA or DNA, and the mechanism of inhibiting the
assembly of virions.

Table 6.1 provides summarized information on the current state of research into

antiviral drugs based on plant origin BAS (for 2018-22).

Table 6.1 — General information on the current state of research on antiviral

drugs based on plant origin BAS

BAS name Origin of the Target virus Mechamsm of Reference
BAS action
Terpenes
Glycyrrhizic | Glycyrrhiza Hepeatitis B virus, Effect on surface [328]
acid glabra human antigen HBsAg,
immunodeficiency | inhibition of HIV
viruses proliferation
B-Escin Aesculus Herpes simplex Effect on virus [329]
hippocastanum | virus, vesicular replication
stomatitis virus,
dengue virus
Tulsinol, Ocimum HON2 influenza Masking/blocking [330]
cymarin, sanctum virus of viral
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BAS name Origin of the Target virus Mechamsm of Reference
BAS action
derivatives of hemagglutination
ursolic acid protein
Oleanolic acid | Rosmarinus Human Effect on virus [331-333]
officinalis immunodeficiency | replication
viruses, influenza
virus, hepatitis B
and C, herpes
viruses
Linalool, Ocimum DNA viruses [334-336]
ursolic acid basilicum, (herpesviruses
Prunella (HSV),
vulgaris adenoviruses
(ADV), and
hepatitis B virus)
and RNA viruses
(coxsackieviruses
B1 (CVB1)and
enterovirus 71
(EV71)
Iridoids
Genipin, Gardenia Influenza virus A RNA suppression of [337]
geniposide, jasminoides viral replication
gardenoside
Adoxysidic Forsythia Influenza virus A RNA suppression of | [338-340]
acid-6- suspensa, (H5N1), viral replication
oleuropein Forsythia coxsackievirus (B3),
ether, viridissima rhinovirus 1B (1B)
forsythioside
Phenol derivatives and their glycosides
(flavonoids, phenolcarboxylic acids, lignins, tannins, etc.)
Arctiin, Arctium lappa, | Herpes simplex Inhibition of wviral | [341-342]
arctigenin Forsythia virus, Coxsackie DNA synthesis
viridissima virus (B3),
rhinovirus 1B (1B)
Apigenin Apium Rabies virus, DNA | Suppression of the | [343-344]
graveolens, viruses synthesis of viral
Ocimum (herpesviruses DNA, mRNA and
basilicum, (HSV), viral proteins
Petroselinum adenoviruses (ADV)
crispum and hepatitis B

virus) and RNA
(coxsackieviruses
B1 (CVB1)and
enterovirus 71
(EV71)
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Origin of the

Mechanism of

BAS name BAS Target virus action Reference
Luteolin Arctium lappa, | Influenza A virus, Interferes with [345-347]
Salvia SARS-CoV events occurring

tomentosa, between hours three
Linaria and nine of the
vulgaris HSV-1 replication
cycle, which
involves
transcription and
translation of viral
proteins
Quercetin Sophora Influenza A virus, Inhibits the general | [348-351]
Jjaponica SARS-CoV-2, synthesis of the
herpes simplex viral protein
virus, enterovirus 71
Xanthohumol | Humulus Influenza virus, Inhibition of [352]
lupulus human replication of
immunodeficiency | various viral strains;
viruses inhibition of HIV-1
induced cytopathic
effects, production
of viral antigen p24
and reverse
transcriptase in
C8166 lymphocytes
Narcisin, Calendula SARS-CoV-2 Inhibition of viral [353-354]
rutin, officinalis protease in silico
isorhamnetin,
calendoflazid
Hyperoside, | Filipendula Hepeatitis C virus Inhibition of [355-356]
isoquercitrin, | vulgaris, replication of
spiroside, Hypericum various viral strains
quercitrin perforatum
Asperuloside, | Galium verum, | Dengue virus Effect on virus [357]
asperulin Faramea replication
hyacinthina
Linarin, Linaria Influenza virus, Cytopathic effect [358-360]
linariin, vulgaris, SARS-CoV
acacetin Acacia arabica
Alkaloids
Derivatives of | Sophora Hepatitis B virus, Effect on virus [361-363]
matrine, Jjaponica enterovirus 71 replication
soforidine,
flavesin,
alopecurin
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Triterpene saponins have structural features that provide their ability to change
the spatial structure of the cell membrane by binding to membrane cholesterol, and
thus suppress virus adsorption. Polyphenolic compounds are able not only to change
the charge of the cell surface, but also to prevent the specific sorption of the virus on
the receptors and have an inhibitory effect on the replication of viruses. These two
groups of BAS are the most promising for the development of antiviral
phytopreparations.

Analogues of luteolin and quercetin suppress the reproduction of viruses at the
stage of release of their internal component.

Medicines such as mangifering, gossypol, epigen are inhibitors of RNA
polymerase and inhibitors of post-translational modifications of proteins, suppress the
expression of the viral genome and assembly of vibrio [364].

In order to block the most difficult phase of virus reproduction — the release of
viral offspring — molecules-inhibitors of the neuraminidase enzymatic activity of the
virus can be used. Phenolcarboxylic acids (for example, caffeic, cinnamic, ferulic,
rosmarinic and other acids, substances from the group of gallic acids) can imitate the
structure of natural substrates of the catalytic site of neuraminidase and actually
“distract” the virus [365].

Mixtures of different flavonoids or a combination of flavonoids with antiviral
synthetic drugs provide an increase in their antiviral effect [351].

Recent drug delivery research strategies significantly contribute to overcoming
the low bioavailability of flavonoids [366].

The antiviral mechanism of these phytopreparations can be of different
orientations: antioxidant activity, inhibition of DNA, RNA synthesis, inhibition of
virus penetration or inhibition of virus reproduction, etc. However, there are
unexplained mechanisms of natural antiviral drugs. For a large number of molecules
of plant origin that exhibit antiviral properties, such mechanisms of action should be

investigated [367].
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In this context, testing the antiviral activity of a “cocktail” of flavonoids would
be beneficial for preventing viral infections and improving existing antiviral treatments
[368].

The challenge of the global outbreak of COVID-19 caused a surge of interest in
the role of flavonoids, as one of the most physiologically active and promising BAS in
the treatment of coronavirus infection.

Over the past year, researchers have been actively reviewing the ability of well-
known (eg, quercetin, baicalin, luteolin, hesperetin, gallocatechin gallate,
epigallocatechin gallate) and less common (eg, scutellarein, amentoflavone,
papyriflavonol A, etc.) flavonoids, secondary metabolites widely present in plant
tissues with antioxidant and antimicrobial properties to inhibit key proteins involved
in the damaging cycle of the coronavirus, such as proteases PLP™, 3CLP®,
NTPases / helicases.

The vast majority of modern publications are devoted to in silico and in vitro
studies of flavonoid and other natural structures using the capabilities of molecular
docking [346, 369].

In addition to screening natural compounds, several Ukrainian groups have
successfully designed and synthesized new analogues with promising antiviral activity.
The main purpose of structural modification is to reduce toxicity and increase
bioavailability compared to the original molecule. Thus, Ukrainian scientists conduct
a number of studies on the study of changes in the natural qualities of plants using
genetic engineering methods, which allow for controlled influence on the genome of
plants, in particular, genetic transformation with the help of the phytopathogenic
Agrobacterium rhizogenes.

The analysis of the current state of development of antiviral drugs based on
phytoraw materials in Ukraine and the world shows the perspective and feasibility of
studying the antiviral activity of flavonoids and flavonoid-containing raw materials
with the aim of selecting the most promising substances of this class and the possibility
of synthesizing substances based on them that could find application in clinical practice

for treatment of coronavirus and other widespread viral infections. Taking into account
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the phytochemical composition and biological activity of the relevant biologically
active substances, it can be considered promising for studying the antiviral activity of
a complex phytopreparation consisting of the following medicinal plant raw materials:
Apium graveolens, Arctium lappa, Calendula officinalis, Filipendula vulgaris, Galium
verum, Humulus lupulus, Linaria vulgaris, Petroselinum crispum, Sophora japonica.

Acknowledging Funding

This research was supported by the National Research Fund of Ukraine grant
No. 2020.01/0226 “Study of the effectiveness and safety of the use of new
phytochemical and bacterial drugs for the treatment of coronavirus and other common

infections”.

133



CHAPTER 7.
BIOLOGICAL ASSESSMENT OF PLANT EXTRACTS BASED MEDICAL
DEVICES IN THE FORM OF RECTAL USE SUPPOSITORIES

Today, it's inconceivable to envision the establishment of a contemporary,
forward-thinking healthcare system without the advancement and integration of cutting-
edge medical technologies across all medical domains, encompassing both preventative
and clinical aspects. The widespread utilization of medical devices (MD) plays a pivotal
role in efficiently addressing challenges in medical diagnosis, prevention, and treatment.
High-tech and innovative MDs have become an indispensable mechanism for ensuring
the repeatability, scalability, and predictability of clinical and diagnostic outcomes
[370].

The distinctive characteristics of pharmaceuticals within the healthcare system
primarily stem from their extensive variability in design, origins, manufacturing
methods, and usage [371, 372]. These circumstances significantly impede the
formulation of comprehensive (universal) standards for MD standardization, particularly
with regard to their quality and safety. In contrast to pharmaceutical products, which
have detailed directives concerning quality and safety (such as Pharmacopoeias, the
Guidelines of the International Council on Harmonisation of Technical Requirements
for Registration of Pharmaceuticals for Human Use, and national regulatory authorities),
equivalent comprehensive international and national regulatory documents are lacking
for medical devices. This characteristic of MDs is also reflected in the access systems
for MDs in different national markets, which frequently involve compliance assessment
procedures with the participation of a wide array of authorized entities [373, 374].

The regulatory bodies of developed nations, industry associations, and
international organizations play significant roles in the global standardization of medical
devices. The International Organization for Standardization has developed Guidelines
for Biological Assessment of Medical Devices, which are currently adopted by the
majority of countries, including Ukraine. The ISO 10993 series of standards (Biological

evaluation of medical devices) has enabled the standardization of requirements for
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various types of MDs based on their method of administration, interaction with the body,
and duration of contact. The assessment concept outlined in ISO 10993-1:2018 serves
as the foundation for the development of assessment programs for medical devices,
although it is not binding due to the extensive range of peculiarities associated with MDs.

The diversity of MDs is compounded by the fact that many of them have
manufacturing processes that closely resemble those of pharmaceutical products (e.g.,
eye drops, vaginal and rectal suppositories, skin solutions, patches, etc.). In such cases,
the primary challenge lies in accurately categorizing the product into a specific class of
medical products [375]. The outcomes of class-specific risk assessment and the
biological evaluation of MDs are crucial pieces of information for the assessment and
risk management of MDs, which are integral components of the overall quality assurance
system for any medical device manufacturer [376-378].

The objective of this study was to present the results of the development of a
classification algorithm for medical devices in the form of rectal suppositories and their
biological evaluation in accordance with the ISO 10993 series of standards.

Methodical aspects:

Medical device. We employed the following samples for our testing procedure,
specifically focusing on the medical device referred to as “Pravenor”, which are rectal
suppositories.

To prepare the suppositories for testing, we utilized centrifuge tubes and a mixture
of ether (3 ml) and physiological solution (3 ml) in a 1:1 volume-to-volume ratio. The
suppository was carefully placed in a sealed tube and left undisturbed for one hour to
ensure complete dissolution. In the subsequent step, the lower phase of the solution was
carefully transferred into another tube, which was left uncovered for 30 minutes to allow
for the evaporation of the ether. The resulting extract, with a pH ranging from 6.8 to 7.2,
served as the basis for the biological evaluation of the medical device.

The calculated concentration of active components within the obtained extract was
as follows: 50 mg/ml of dwarf palm berries extract (Saw palmetto), 16.67 mg/ml of
lovage root extract (Levisticum officinale), and 16.67 mg/ml of calendula flowers extract

(Calendula officinalis).
135



Cell culture and its culturing. Vero cell culture, which is derived from green
monkey kidney cells and originally obtained from the cell bank of the D.I. Ivanovsky
Institute of Virology at RAMS (Moscow, Russian Federation), was used in this study.
The cell culture was maintained at the research facility known as the
“L.V. Gromashevsky Institute of Epidemiology and Infectious Diseases of the NAMS
of Ukraine” located in Kyiv, Ukraine.

To sustain the cells in culture, a standard method was employed. A complex
medium was utilized, comprising 90 % RPMI-1640 medium (Sigma, USA)
supplemented with 10 % inactivated fetal bovine serum (FBS) from Sigma, USA, and
the antibiotic Kanamycin (50 IU/ml).

The cell cultures were grown in either 50- or 100-ml glass or plastic containers
from Nunc in Denmark. These cultures were maintained at a temperature of 37 °C in an
atmosphere containing 5 % CO.. Every 3-4 days, the live cells were quantified by
staining them with trypan blue and then seeded at the initial cell concentration per 1 ml.

For passaging, the cells were extracted from the surface of the culture containers
using Gibco® Versene Solution, which consists 0of 0.2 g of EDTA per liter of phosphate-
buffered saline and is produced by Thermo Fisher Scientific in the USA. After
extraction, the cells were centrifuged and resuspended in 1 ml of medium for
precipitation. They were then pipetted and counted using Goryaev's hemocytometer.
Subsequently, the cells were seeded into well plates designed for cell culture from Sigma
in the USA, with an estimated density of 200,000 cells per 1 ml of medium.

Determination of the medical devices’ cytotoxic concentration (CCsp). To
determine the CCso (cytotoxic concentration at which 50 % of cells are affected) of the
medical devices, we conducted experiments using at least ten rows of wells in culture
plates for each dilution of the product. These culture plates containing cell cultures were
then incubated at 37°C in an environment with 5 % COx for a period of 5 days.

On a daily basis, we closely observed both the test and control cultures to detect
the presence or absence of cytopathogenic effects (CPE). The degree of CPE was

assessed by evaluating changes in cell morphology, which included rounding, wrinkling
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of cells, and detachment from the surface of the culture well. We utilized the following
rating system to quantify degenerative changes:

“-“1indicated the complete absence of cell degeneration.

o “+”indicated that no more than 25 % of the cell monolayer was affected.

o “++” indicated that no more than 50 % of the cell monolayer was affected.
o “+++” indicated that no more than 75 % of the cell monolayer was affected.
o “++++” indicated complete degeneration of the cell monolayer.

The CCso of the medical device was determined as the highest concentration that
did not cause degeneration of 50 % of the cells in the culture. The control group consisted
of a cell monolayer without the addition of extracts from the medical devices.

MTT assay. This method relies on the activity of the dehydrogenase system within
intact cell mitochondria, which converts 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) into formazan. The resulting reaction product can
be quantitatively measured using a spectrophotometer. The conversion of MTT into
formazan decreases when cells die, especially when exposed to toxic substances.

To perform this assay, cells at a concentration of 5 x 10" cells per milliliter were
cultured in 96-well plates using RPMI-1640 medium supplemented with 10 % FBS. This
medium contained test substances at various concentrations. Control samples consisted
of cells that were not exposed to the test product. Each concentration was tested in
triplicate. The plates containing the cells were then incubated at 37°C in an environment
with 5 % COz for 48 hours.

MTT substrate (provided by Sigma, USA) was dissolved in sterile phosphate-
buffered saline solution (PBS) with a pH of 7.2. This solution was prepared at room
temperature and had a concentration of 5 mg/ml. To each well, 25 pl of filtered MTT
solution was added to 100 pl of the cell suspension, and the mixture was incubated for
3 hours at 37 °C in the presence of 5 % COa. After incubation, the plates were centrifuged
at 1500 rpm for 10 minutes to precipitate the cells, and the supernatant was discarded.
To dissolve the crystalline formazan, 100 pl of 96 % ethanol was added to the cell pellet.
After thorough shaking for 10 minutes at 37 °C, the optical density of the solutions was

measured using a spectrophotometer at a wavelength of 540 nm.
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The percentage of inhibition of cell viability caused by exposure to the test
products was determined by comparing the optical density of the test samples to that of
the control cells, which were set at 100 %. To facilitate the assessment of cytotoxicity
results obtained through the MTT assay, a corresponding plot was used to indicate the
value corresponding to half of the control cell viability (CCso).

Animals. In our study, we employed random-bred laboratory Guinea pigs that
were between 3 to 4 months old and had a weight range of 300 to 400 grams. The care
and handling of these animals adhered to the guidelines outlined in the international
standard ISO 10993-2:2006, titled “Biological evaluation of medical devices —
Part 2: Animal welfare requirements”.

Sensitization and skin irritation effects study. In the study, hair was trimmed from
2x3 cm areas on the backs of the animals. Melted suppositories were then applied
directly to the skin and secured in place with a gauze bandage. This application was left
in position for a duration of 4 hours. Subsequently, the skin was monitored for signs of
erythema (redness) and edema (swelling) at intervals of 12, 24, 48, and 72 hours
following the removal of the bandage. Photographic documentation of the results was
conducted. Each test group comprised 6 animals.

Bioethics norms. All procedures involving animals were conducted in full
compliance with the Law of Ukraine “On Protection of Animals from Abuse”, the
European Convention for the Protection of Vertebrate Animals, and the guidelines
outlined in the “Guide for the Care and Use of Laboratory Animals” (8th edition). At the
conclusion of the study, the animals were humanely euthanized using methods designed

to minimize both physical and psychological suffering.

Justification of biological testing program:

Functional characteristics of the medical device “Pravenor”. To comprehend
the functional characteristics of this product, it is essential to analyze its composition
and evaluate the roles of its ingredients in the male urogenital system's operation. The
berries of dwarf palm, known as Saw palmetto, contain various biologically active

substances crucial for the proper functioning of the prostate, including phytosterols
138



(precursors of hormones naturally synthesized in the human body), fatty acids such as
palmitic, linoleic, and linolenic acids, as well as lipase, which aids in the digestion of
fats, fatty acids, and fat-soluble vitamins A, D, and E [379]. Lovage roots (Levisticum
officinale) are rich in essential oils like terpineol, cineole, acetic, isovaleric, and benzoic
acids, which support healthy urination [380]. Calendula flowers (Calendula officinalis)
contain essential oils, carotenoids, and flavonoids that promote tissue regeneration
processes [381].

Therefore, the phytocomponents present in this medical device constitute a
complex of biologically active substances necessary for and conducive to the normal
functioning of the male urogenital system, particularly the prostate. It's worth noting that
these same phytocomponents are also included in various medicinal products and dietary
supplements, primarily in oral forms. The majority of medicinal products containing
extracts or tinctures of dwarf palm, lovage, and calendula fall into the category of
traditional medicinal products, which have been developed and marketed in Ukraine for
over two decades. Presently, new oral products with similar components are introduced
to the Ukrainian market as dietary supplements, emphasizing their functional principle,
which is the provision of nutrients to enhance overall bodily function. These products
not only act preventively but also contribute to the amelioration of specific diseases.

Hence, the impact of the medical device "Pravenor" in the form of rectal
suppositories on the human body cannot be classified as pharmacological,
immunological, or metabolism-altering. As such, this product may be categorized as a
medical device according to the Technical Regulations for Medical Devices, as approved
by Cabinet of Ministers of Ukraine Decree No. 753, dated October 2, 2013, and
Regulation (EU) 2017/745 of the European Parliament and the Council dated
April 5, 2017, on medical devices.

The medical device "Pravenor" is categorized as a short-term device since its
intended use involves a period of less than 30 days. Given that it is administered rectally
and is partially absorbed by the body, Rule 21 from Regulation (EU) 2017/745 of the
European Parliament and the Council, dated April 5, 2017, on medical devices may be

applicable to this medical device. Rule 21 pertains to devices composed of substances
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or combinations of substances that are designed for introduction into the human body
via a body orifice or skin application, and which are either absorbed or locally dispersed
within the human body. This rule applies to devices classified as class III and those that
achieve their intended purpose in the stomach or lower gastrointestinal tract, or whose
metabolic products are systemically absorbed by the human body.

Biological Testing Program. In designing the biological testing program for this
medical device, several factors were considered. These factors include the
recommendations outlined in the standard ISO 10993-1:2018, titled "Biological
Evaluation of Medical Devices — Part 1: Evaluation and Testing within a Risk
Management Process." The device falls into the category of surface devices with contact
primarily with mucosal membranes, and the duration of contact ranges from 24 hours to
30 days.

Considering the well-established safety profile of the substances present in the
device, the biological testing program focused on three key parameters:

1. Cytotoxicity: This assessment evaluates the potential of the device to cause
harm or toxicity to cells, particularly those in contact with the mucosal membranes.

2. Sensitizing Effects: This component of the testing program assesses whether
the device has the potential to induce sensitization, which is an allergic or hypersensitive
response upon contact with the skin or mucosal membranes.

3. Skin-Irritating Effects: The testing program also includes an evaluation of
whether the device may cause skin irritation when in contact with the mucosal
membranes.

By assessing these parameters in accordance with ISO 10993-1:2018, the aim is
to comprehensively evaluate the biological safety and potential risks associated with the
medical device "Pravenor." This approach ensures that the device meets the necessary

safety standards for its intended use.

Biological evaluation of medical device:
Determination of the device cytotoxic concentration (CCsp). In the

determination of the CCso (cytotoxic concentration at which 50 % of cells are affected)
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of the products, Vero cell cultures were employed. For each dilution of the device in the
culture medium, a minimum of ten rows of wells in culture plates were utilized in the
experiments. Both the test and control cultures were observed on a daily basis to assess
the presence or absence of cytopathogenic effects (CPE). The findings of this study are
presented in Table 7.1.

Table 7.1 — The study results of the device cytotoxic concentration in Vero cell

culture
Dilution Pravenor Medical Device

1:10 0/10
1:20 0/10
1:40 0/10
1:80 0/10
1:160 0/10
1:320 0/10
1:640 0/10

1:1280 0/10
CCso Non-toxic

‘ Note: *numerator — number of wells with CPE, denominator — total well number in the
experiment.

Pravenor was determined to be entirely non-toxic when tested in Vero cell
culture.

As per the MTT assay results, the medical device “Pravenor” showed no signs
of toxicity, as evidenced by the optical density ratio of the test product compared to the
control cell culture (Fig. 7.1). The obtained data indicate that the CCso (concentration
that causes a 50 % decrease in cell viability) for this product exceeds 50 mg/ml for
dwarf palm berried extract (Saw palmetto), 16.67 mg/ml for lovage root extract
(Levisticum officinale), and 16.67 mg/ml for calendula flowers extract (Calendula
officinalis).

Studies of sensitization and skin irritation effects. The monitoring of
experimental animals demonstrated that both medical devices did not induce any skin
irritation and were deemed safe for use. These observations were meticulously

documented in photographs, as illustrated in Figure 7.2.
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Figure 7.1 — Results of cytotoxicity assessment by MTT assay

A — guinea pig with the skin zone, B — guinea pig skin after “Pravenor”
on which “Pravenor” was applied testing

Figure 7.2 — Results of determining of the devices’ sensitizing and skin-
irritating effects

It's important to note that the regulatory status of a medical device carries
significant implications for the strategic planning of a scientific research project. There
exists a notable distinction between studies focused on the safety and efficacy of
medications as compared to medical devices. Some healthcare products may assume
similar or even identical forms (e.g., solutions for injection, skin solutions, nasal sprays,

vaginal and rectal suppositories, etc.), yet they may fall into different regulatory
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categories. Beyond the aforementioned aspects of preclinical and clinical investigations
of medical products, their regulatory status can sometimes impact the
pharmacoeconomic parameters of the respective projects [382].

In the context of facilitating access for developed medical products, especially
medical devices, to various segments of the global pharmaceutical market, the issue of
harmonizing regulatory requirements across different countries and supranational
entities, such as the EU, is of paramount importance. This harmonization is crucial for
the effective management of quality, safety, and efficacy standards for such products
[383, 1384]. Manufacturers of medical devices and other medical products frequently
engage in discussions concerning the interplay between scientific and technical aspects
within this field, particularly with regard to regulatory requirements [385-388].

There is a wide range of products designed for vaginal and rectal use that are
available in developed countries' markets, and many of these products are classified as
medical devices. Typically, intra-vaginal medical devices in traditional pharmaceutical
forms such as suppositories, tablets, and capsules are developed for purposes such as
correcting or restoring vaginal microbiota [389-391]. Other indications for such devices
include promoting fertilization [392] and delivering anti-HIV drugs [393], among
others. Medical devices in the form of rectal suppositories, creams, and gels are used
for the treatment and prevention of proctological and urological diseases [394, 395]. In
light of this, our medical-scientific justification for classifying the studied products as
medical devices aligns with the practices of regulatory bodies, specifically Conformity
Assessment Bodies, in European Union countries.

It's worth noting that the current Ukrainian Technical Regulations on Medical
Devices and Medical Device Regulations, which have been adopted in the European
Union [388, 396], may not completely match in terms of establishing risk classes for
certain medical devices, including invasive ones. However, such regulatory disparities
between the Ukrainian and EU markets do not significantly impact the determination of
the strategy for biological evaluation of these devices.

The phytocombination of medicinal herbal extracts present in the medical device

“Pravenor” is unique. Therefore, the study of the cytotoxic effect of this product on cell
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cultures was not only scientifically relevant but also important from a regulatory
perspective. Existing literature data [397-402] on the cytotoxic effects of extracts from
Saw palmetto, Levisticum officinale, and Calendula officinalis, as well as their
biologically active substances, typically focus on individual studies (as single
preparations) or are centered on assessing anti-cancer activities. Consequently, the data
obtained regarding the absence of a cytotoxic effect of the medical device “Pravenor”
constitute an important prerequisite for its safe use as a prostate protector.

A scientific-medical and regulatory justification has been conducted to classify
Prodexyn and Pravenor as invasive medical devices for prolonged use. The studies
conducted to assess cytotoxicity, sensitization, and skin irritation are deemed sufficient
for the biological evaluation of such me'dical devices.

In the case of the medical device “Pravenor”, it was found to be completely non-
toxic in the Vero cell culture study. Similar results were obtained in the MTT assay,
which indicated that the CCso (cytotoxic concentration at which 50 % of cells are
affected) for this product exceeded 50 mg/ml for the extract of dwarf palm berries (Saw
palmetto), 16.67 mg/ml for lovage root extract (Levisticum officinale), and 16.67 mg/ml
for calendula flowers extract (Calendula officinalis). The MTT assay, which assesses
the condition of the dehydrogenase system within mitochondrial cells, was found to be
five times more sensitive compared to the approach of detecting cytopathic effects on
Vero cell culture. Consequently, the MTT assay can be considered a more informative
method for evaluating the cytotoxicity of medical devices.

Furthermore, the medical device did not demonstrate sensitizing or skin-irritating
effects after application to the skin. These findings collectively provide substantial
evidence of the safety and biocompatibility of the medical device “Pravenor” for its
intended use.
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CHAPTER 8.
PHARMACOLOGICAL SUBSTANTIATION OF THE NEW DRUGS
ELABORATION ON THE BASE OF RESVERATROL

The number of the older age group women significantly increased due to
demographic changes that occurred in the second half of the XX century. Each year
the rate of women that enter menopause increases because of a rise of life expectancy
and the early occurrence of menopause.

Whereas menopause is not an illness, but an age-related changes manifestation,
it may cause the endocrine balance disturbance in the body, and this phenomenon leads
to the advancement of symptoms such as hot flashes, irritability, insomnia, genitourinal
disorders, and also provokes the risk of metabolic, cardiovascular, neurological
diseases, osteoporosis. At the onset of natural menopause, the level of estrogen
decreases gradually, over several years, and the body of women adapts to life
conditions in state of estrogen lack. The suggested data underlines the need of the
implementation of medical and social measures in order to maintain health, enhance
efficiency and proper quality of women's life in the peri-and postmenopausal periods,
and the elaboration of effective and safe medicines for menopausal disorders
personalized prevention and treatment remains a crucial and not fully solved task of
modern pharmacology and pharmacy.

According to the widespread opinion the menopausal therapy, that uses
monocomponent or combined drugs of sex hormones remains the “gold standard” of
pharmacological correction of symptoms of pathological menopause, but unfortunately
only 30-40 % of women in developed countries and even only 2-3 % of women in
Ukraine receive menopausal hormonal therapy [403]. Such a trend is connected with
contraindications, adverse reactions identification, “hormone phobia” or insufficient
knowledge about the benefits of menopausal hormonal therapy for a significant
proportion of those who need it. Thus, an urgent need for alternative drugs remains the
same, in particular for medicinal agents of non-hormonal origin for the timely
correction of menopausal disorders.
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The curative properties of grapes are well established for a long time. There are
the drugs from the dry leaves, seeds of the grapes. Now the drug resveratrol is obtained
from the grapes’ peel and other plants. Resveratrol is a phytoalexin of the plant
polyphenol group origin. Resveratrol has a wide spectrum of pharmacological activity
and 1s used in case of cardiovascular, nervous and metabolic diseases. From the first
experiments the resveratrol antioxidant properties have been found [403]. Resveratrol
has cardioprotective properties in the model of ischemia-reparation. It was
demonstrated comparative protective effect as distant preconditioning. The
mechanisms of antiischemic effect are related to resveratrol antioxidant properties.
Resveratrol protects heart and vessels by antiaggregant, hypocholesterinergic actions.
Resveratrol reduces cholesterol level, inhibits angiotensin II-induced proliferation of
fibroblasts. Resveratrol has been shown to inhibit NF-KB transcription and offers
cardioprotective benefits through ischemic preconditioning via nitric oxide synthase.
Additionally, resveratrol exhibits a hypoglycemic effect by enhancing glucose
transport in C2Ci2 myotubes through the activation of AMP-activated protein kinase
[404]. Resveratrol exerts a neuroprotective effect by blocking amyloid synthesis and
through its antioxidant properties. During the screening research it was found that the
daily studied gels with resveratrol and hyaluronic acid were effective in the terms of
intravaginal 28-day administration to ovariectomized female rats, since they restrained
the increase in body weight that occured because of estrogen deficiency, normalized
body temperature at the root of the tail (preventing manifestations of “hot flashes”),
contributed to the restoration of vaginal biotope and acidic environment of the vaginal
secretion, prevented the advancement of atrophic changes in the vaginal mucosa.
According to the results of the integral assessment of the effectiveness of the
therapeutic effect of vaginal gels, it was found that the optimal resveratrol content in
the medicinal form is 0.5 %, since according to the vast majority of indicators in the
model of the experimental hypoestrogen state in animals, it received the highest
number of points, that is, it turned out to be the most effective. The experimental study
data show not only local, but also weak systemic action of the vaginal dosage form of

the combined composition with resveratrol and hyaluronic acid, which necessitates
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further in-depth study of the suggested composition. The results of this stage of the
study became an experimental justification for the development and comprehensive
study of the vaginal gel with phytoestrogen resveratrol and hyaluronic acid as an
alternative to hormone-containing drugs of the group of drugs for the therapy of
pathological hypoestrogen states of different genesis, primarily genitourinal
manifestations of climacteric syndrome [405].

The next step served the safety profile research of the vaginal gel of a combined
composition with resveratrol and hyaluronic acid, in particular, the study of local
tolerability, acute toxicity with single intravaginal and intragastric administration and
chronic toxicity of the gel with multiple (90 day) intravaginal administered to rats.

It was determined that the vaginal gel with resveratrol and hyaluronic acid does
not provoke local irritation during single and prolonged vaginal use. The
abovementioned gel is particularly a non-toxic substance.

The pharmacodynamics evaluation of the vaginal gel with resveratrol and
hyaluronic acid was conducted on two models of hypoestrogen state, such as bilateral
ovarioectomy and hypoestrogenemia by 4-vinylcyclohexene diepoxide.

The pharmacological action of the vaginal gel towards local (genitourinal) and
systemic manifestations of hypoestrogenia was observed in a model of bilateral
ovariectomy (surgical castration).

It was found that under the influence of treatment with gel with resveratol and
hyaluronic acid, the pathological manifestations of hypoestrogenemia from the vaginal
mucosa most clearly declined. According to the total indicator of macroscopic
manifestations, the gel with phytoestrogen decreased the signs of hypoestrogen atrophy
from 7 points, which was recognised in animals of the group of control, to 2 points, not
inferior in effectiveness to the pharmacological activity of the cream with estrogen.
This was associated with a notable positive impact of the vaginal gel on both the
structural and functional condition of the vaginal mucosa, which was confirmed by
histological studies, in particular, reflected by an increase in the thickness of the

epithelial plate, the appearance of signs of a typical estrogen-like effect, an increase in
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regenerative processes, mucous formation and the restoration of the pH level of vaginal
secretion to the level of physiological values (4.4-4.5).

Morphological examination of the heart muscle and bone system state revealed
the protective effect of vaginal gel with resveratrol and hyaluronic acid and its ability
to restrain the advancemect of degenerative changes in the myocardium, articular
cartilage and subchondral trabecular bone that occurred in untreated female rats with
estrogen deficiency.

In the model of pharmacological castration of female rats, possible mechanisms
of neuroprotective action of the gel with resveratrol and hyaluroniic acid and its
influence on behavioral reactions characterizing the functional state of the CNS were
investigated.

The expression pattern of major endogenous markers of neuroprotection was
determined by real-time polymerase chain reaction. It was demonstrated that the
expression of HIF-1a mRNA in the group of control group was 92.2% lower compared
to the intact group group. There was also a 92.5 % decline in HSP70 mRNA expression
and an 80.6 % reduction in c-fos mRNA expression. Enzyme immunoassay revealed a
decrease in the concentration of heat shock proteins in HSP70 mitochondria by 61 %
and the cytosol of the brain of animals with hypoestrogenemia.

During the treatment of animals with an acquired hypoestrogenic condition as a
result of pharmacological castration, vaginal gel with resveratrol and hyaluronic acid
showed an increase of 150 % in the expression of mRNA HIF-1a mRNA HSP70 33 %
and 200 % - c-fos mRNA in the hippocampal SA1 zone.

Modeling of VCD hypoestrogenemia led to a significant deficiency of
progesterone, to a decrease in estradiol against the background of a expressed increase
in FSH, to a violation of mRNA expression, and, in particular, mRNA encoding the
superoxide dismutase and glutathioreductase gene, and a decline in the level of restored
glutathione and an increase in the expression of iRNA NOS, activation of oxidative
stress in the brain of animals.

HSP70 has the capacity to reduce the accumulation of denatured proteins,

attenuate the activation of free radical processes, enhance the activity of antioxidant
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enzymes, mitigate the adverse effects of calcium overload by binding to the calcium
receptor calmodulin, and also restrict the expression of iNOS [8]. The ability of HSP70
to prolong the life of the main adaptation factor, HIF-1, has been shown, which under
extreme conditions initiates the start of compensatory mechanisms for energy
production [8]. Thus, experimental hypoestrogenemia leads to a expressed deprivation
of the mechanisms of endogenous neuroprotection associated with HSP70. The
neuroprotective properties of resveratrol, particularly when used in combination with
its various dosage forms such as vaginal gel and tablets, can be attributed to the ability
of phytoestrogens to mimic the expression of key transcription factors that play a role
in the synthesis of HSP proteins. Activation of the modulation of -estrogen receptors
of the brain causes detachment from the last HSP70 - proteins, which ensures the entry
of these proteins into the cell and the realization of their biological function. The
mechanism of this interaction is associated with the role of HSP70 in maintaining
estrogen receptors in an inactive state that are not associated with estrogens [406].

The flavonoid resveratrol can increase the activity of estrogen receptors
decreased by oxidative stress due to active oxygen form / SH regulation. Estrogen
receptor modulators can enhance HSP70 expression by stimulating the protein
transcription factor - heat shock factor (FHS). Estrogen modulators can inhibit
neuroapoptosis by reducing caspase-3 activity and decline the activity of two
transcription factors nuclear factor- k B (p65/RelA and p50) by regulating the
expression of the c-fos early response gene. Resveratrol can also function as a direct
antioxidant due to its phenolic group, allowing it to capture reactive oxygen and
nitrogen species and thereby regulate the JNK (ROS sensitive) cascade. INK induces
the activation of DNA-binding proteins cJun, c-Fos and AR-1, and the binding of these
proteins to palindromic DNA sequences induces apoptosis [407-410].

In the conditions of transmitter autocoidosis in neurons (cerebellum,
hippocampus, cortex), activation of neuronal synthase NO (nNOS) and an increase in
NO production are observed, which is involved in the initiation of neuroapoptosis, the
opening of the mitochondrial pore and the formation of mitochondrial dysfunction,

nitrosation of SH-containing signal molecules and their loss of function, as well as a
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decrease in the activity of Zn-Cu superoxidase [411]. The most ominous role in
neuronal damage belongs to the inducible form of NOS, the expression of which by
glial cells leads to hyperproduction not so much of nitrogen oxide NO, as its numerous
cytotoxic forms from peroxynitrite to the nitrosonium ion. In the regulation of iNOS
expression and activation of nitrosative stress, an important role is played by a low
level of reduced intermediates of the thiol-disulfide system and an increase in the
concentration of anti-inflammatory cytokines, especially (protein encoded by the
eponymous gene) IL-1b. Thus, IL-1b activate AP-1 and universal transcription factor
(NF-kB), which under conditions of ischemia change the cellular signality and enhance
the expression of other anti-inflammatory factors, stimulate the expression of iNOS by
astrocytes [412]. Excess IL-1b can adversely affect the transport of reduced glutathione
to reduce its synthesis. Intracellular glutathione deficiency, which is involved in NO
transport mechanisms and its bioavailability, enhances the formation of ONOO- [410].
The role of IL-1b in modulating the expression of heat shock proteins of HSP70, in
particular from increase to suppression depending on its concentration [410], is known.

Expression modulation of various isoforms of NOS, aimed at their normalization
and inhibition of nitrosative stress, under the influence of resveratrol in different routes
of its administration in different dosage forms can be explained as next phenomenon.
Resveratrol, due to its chemical structure, can regulate the activity of two transcription
factors of nuclear factor- k B (p65/RelA and p50). Resveratrol can also work as a direct
antioxidant, due to the phenolic group to bind reactive oxygen species, and thereby
inhibit the ROS-dependent mechanism of IL-1b and iNOS activation. Also, the
antioxidant effect of resveratrol can be explained by the fact that an increase in the
concentration of estradiol under its action leads to a Ye2- dependent activation of the
expression of mitochondrial Mp-SOD. Increased expression of Mp-SOD significantly
reduces the neurotoxicity flows of the superoxide produced by mitochondria.

A rise in the concentration of the oxidized form of glutathione leads to an
increase in the production of anti-inflammatory cytokines TNF- a, IL-1 3, IL-6 and IL-
8, which, in turn, enhances deficiency of glutathione reduced by disrupting its transport

into the cell and strengthens the mechanisms of neurodestructure [412]. The increased
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concentration of oxidized intermediates of the thiol-disulfide system inhibits the
expression of eNOS (see Above) and enhance the production (active form of oxygen)
of ROS due to the release of arachidonic acid from platelets, suppresses glutathione
peroxidase and glutathione reductase, and also stimulates the intracellular signaling
pathway, including neuroapoptosis. Course treatment with vaginal cream with
promestrin did not significantly affect the indicators of the thiol-disulfide system.

The course introduction of the gel in the group with resveratrol and hyaluronic
acid to ovariectomized female rats contributed to the restoration of the functional state
of the CNS: tentative research activity and a decrease in the manifestations of
vegetative-emotional reactions, the indicators of which almost reached the level of the
group of intact animals. Combination therapy with gel and resveratrol tablets
demonstrated the most expressed psychotropic effect, which completely eliminated the
manifestations of depression in animals that arose due to estrogen deficiency. The
combined administration of gel and tablets with resveratrol was significantly superior
to monotherapy with gel with resveratrol and hyaluronic acid and the effect of the
reference drug with synthetic estrogen promestrin in terms of the degree of influence
on all test parameters of the CNS state.

New data have been obtained that helped establish the rationale for developing
an innovative locally administered drug containing resveratrol and hyaluronic acid,
determine the optimal composition of the dosage form, and demonstrate the
effectiveness of the therapeutic effect on various experimental models of hypoestrogen
conditions and to find out the individual mechanisms of its neuroprotective action.

Resveratrol has anti-inflammation effect. It is also characterized by antioxidant
properties with the blockade cyclooxygenase and lipoxygenase, phosphatase activity.
Resveratrol exhibits anti-inflammatory and gerontological effects by activating sirtuin-
1, a histone deacetylase gene known as SIRT1. It also has radioprotective properties,
playing a role in DNA repair. Resveratrol has estrogenic effects and is relevant in
addressing osteoporosis. Additionally, it demonstrates antimicrobial, antiviral,
antifungal, and antineoplastic actions. Resveratrol activates fatty acid oxidation,

mitochondrial oxidative processes, respiration, and gluconeogenesis. Given the
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adverse effects associated with hormonal drugs prescribed for menopause, the
development of new medications containing resveratrol for the treatment of mucosal
atrophic changes in gynecology and proctology could be highly beneficial.

Our research focused on conducting a pharmacological examination of a novel
vaginal gel composed of resveratrol and hyaluronic acid. This gel is designed for
addressing hypoestrogenic conditions, specifically genitourinary issues prevalent in
women due to natural (menopausal) or pathological (post-castration) causes. The study
provides both theoretical and experimental evidence supporting the feasibility of
developing a locally applied medicinal product. This innovative formulation includes
active pharmaceutical components like resveratrol, a phytoestrogen analogous to
natural sex hormones and an estrogen receptor agonist, and hyaluronic acid, an
exogenous analogue of glucosamine glycan found in vaginal mucus. Hyaluronic acid
serves as a physiological moisturizer, lubricant, and a vital component of the genital
tract's protective barrier. In conjunction with additional excipients such as lactic acid,
this composition is unique within the Ukrainian pharmaceutical market.

As women enter menopause, they experience genetically predetermined age-
related changes marked by a gradual decline in ovarian function. However, in cases of
premature ovarian “exclusion”, such as after surgical or pharmacological castration,
typically as a result of ovarian depletion syndrome following assisted reproductive
technologies, younger women can undergo sudden hormonal shifts. Various etiologies
of menopausal disorders emerge as a consequence of estrogen deficiency, leading to
the development of pathological symptoms collectively known as menopausal
syndrome. These symptoms significantly impact the overall quality of life for affected
women. Menopause is responsible for the onset of various health issues among female
patients, including osteoporosis, cardiovascular complications, cognitive impairment,
and metabolic disorders.

Hormone replacement therapy (HRT), also known as menopausal hormone
therapy (MHT), currently stands as the most effective treatment for addressing the
symptoms of menopausal syndrome. Nevertheless, certain women either cannot use

hormonal medications due to contraindications or discontinue their use due to side
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effects. In Ukraine, a substantial portion of women doesn't seek MHT primarily due to
hormonal phobia or a lack of awareness about this treatment. It's crucial to note that
the effectiveness and safety of MHT depend on initiating therapy at the right time when
the “therapeutic window” is open. Consequently, there is a need to provide alternative
treatments for menopausal symptoms, encompassing both systemic and topical
phytoestrogen therapy.

Ukraine boasts a considerable number of drugs and dietary supplements
containing phytoestrogens in oral dosage forms. However, there is a noticeable absence
of topical drugs designed to complement the systemic effects or primarily address
genitourinary symptoms like vaginal dryness, itching, irritation, dyspareunia, and
urinary incontinence. In summary, the substantial demand for topical drugs remains
unmet by the limited variety of available options.

An encouraging approach to addressing the contemporary scientific challenge
within modern pharmacology involves the creation of multifunctional vaginal
medications containing phytoestrogens. These medications are produced using state-
of-the-art pharmaceutical techniques and exhibit substantial pharmacological efficacy
in conditions characterized by reduced estrogen levels. They can effectively and safely
alleviate pathological symptoms, including those related to the genitourinary system.
Notably, there is a scarcity of Ukrainian medications with these capabilities, with the
majority of the available options being foreign-made [406-408].

Technology at the National University of Pharmacy in Kharkiv has successfully
developed vaginal gels incorporating resveratrol and hyaluronic acid. These gels
consist of resveratrol, a polyphenol and phytoestrogen that does not necessitate prior
metabolism for its pharmacological effects, hyaluronic acid, and additional excipients,
including lactic acid. The resveratrol component contains 50 % trans-resveratrol of
plant origin, sourced from Polygonum cuspidatum.

For comparison purposes, two other medications were selected. The first,
Ginodek gel, shares two common components (hyaluronan and lactic acid) with the
experimental gels and serves similar therapeutic indications. The second comparison

drug, Colpotrophin cream, was used in more extensive pharmacological investigations
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as the benchmark and is employed for hormone replacement therapy. It contains
promestriene, a synthetic estrogen.

Performing the research, a comprehensive approach was used with the
involvement of physiological, histological, biochemical, pharmacological,
toxicological, enzyme-linked immunosorbent assays, molecular genetic, and statistical
research methods.

To establish the ideal formulation for the vaginal gel containing resveratrol and
hyaluronic acid, preliminary screening studies were conducted on four test samples of
vaginal gels. These samples varied in the concentration of the primary active
ingredient, resveratrol, with percentages of 0.5 %, 1 %, 2 %, and 3 %. The quantities
of all other ingredients in the gels remained consistent across these test variations.

Screening studies were conducted using a model of surgical castration in female
white non-linear rats, aged 3 to 6 months. The experimental test samples were
administered 35 days after the onset of the pathology, following a treatment regimen
of 1 ml of gel applied intravaginally once a day for 28 days. For comparison, Ginodek
vaginal gel was chosen as a reference drug.

Control groups were established, including intact animals (Intact Control Group
- ICQG) and operated but untreated animals (Controlled Pathology Group - CPG). These
control groups received isotonic sodium chloride solution intravaginally in the same
quantity as the test samples. Following the experiment, various assessments were
made, including macroscopic examination of the vaginal mucosa and lower genital
tract, evaluation of physical parameters such as body weight changes and tail root
temperature, measurement of vaginal secretion pH, analysis of the vaginal microbial
environment, and histological examination of the vaginal mucosa.

The outcomes of the screening study revealed the effectiveness of the assessed
gels containing resveratrol and hyaluronic acid when administered intravaginally to
ovariectomized female rats over a 28-day period. These gels effectively mitigated the
increase in body weight induced by estrogen deficiency, normalized body temperature

at the base of the tail (commonly associated with “hot flushes”), facilitated the
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restoration of the vaginal microbiome and the acidic environment of vaginal secretions,
and prevented the development of atrophic changes in the vaginal mucosa.

Upon conducting a comprehensive assessment of the therapeutic impact of the
vaginal gels, it was determined that the optimal concentration of resveratrol in the
formulation 1s 0.5 %. This concentration yielded the highest scores for the majority of
parameters in the experimental model of hypoestrogenic conditions in the animals.

The experimental study data suggest the presence of not only localized effects
but also a mild systemic influence from the vaginal dosage form with the combined
composition of resveratrol and hyaluronic acid. This underscores the need for further
in-depth research concerning this proposed formulation. The findings from this phase
of the study provide an empirical basis for the development and comprehensive
investigation of a vaginal gel containing phytoestrogen resveratrol and hyaluronic acid
as an alternative to hormone-based medications for managing pathological
hypoestrogenic conditions of various origins, particularly addressing menopausal
genitourinary symptoms.

The subsequent step involved evaluating the safety profile of the vaginal gel with
the combined composition of resveratrol and hyaluronic acid. This included the
assessment of local tolerability, acute toxicity following a single intravaginal (i/v) and
intragastric (i/g) administration, as well as chronic toxicity associated with multiple
(90-day) intravaginal (i/v) applications.

The research revealed that the vaginal gel containing resveratrol and hyaluronic
acid does not induce local irritation when used both in single and extended vaginal
applications. The study on the acute toxicity of this gel classifies it as a non-toxic
substance, specifically falling into the V toxicity class, which denotes it as an almost
non-toxic substance according to the classification obtained [409]. Moreover, data
from prolonged intravaginal administration indicate the absence of general toxic effects
on animals and any local irritation of the mucous membrane in the lower genital tract.

A comprehensive pharmacological investigation was carried out to assess the

pharmacodynamics of the vaginal gel containing resveratrol and hyaluronic acid. This
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study utilized two models closely resembling the clinical conditions associated with
hypoestrogenic states.

The pharmacological impact of the vaginal gel was examined in terms of its
effects on both local (genitourinary) and systemic manifestations of hypoestrogenism.
This evaluation was conducted using a surgical castration model, specifically bilateral
ovariectomy, which emulated hypoestrogenic conditions as closely as possible.

The research demonstrated that the 28-day administration of the gel containing
resveratrol and hyaluronic acid had a therapeutic effect by slowing down the rate of
weight gain in animals. In contrast to untreated females in the CPG group, whose body
weight gain reached 23 %, the animals treated with the vaginal gel for 4 weeks
experienced a much lower body weight gain, not exceeding 5.96 %. For animals treated
with the comparison drug, a cream containing synthetic estrogen promestriene, the
weight gain was slightly higher at 6.83 %.

Furthermore, there was evidence of a systemic therapeutic effect of the gel with
resveratrol and hyaluronic acid, as indicated by a significantly less pronounced
symptom of tail root fever, corresponding to menopausal “hot flashes” in women. In
the CPG group, this symptom increased by 10 % compared to intact females, while it
only increased by 1.0 % under the influence of the phytoestrogen gel and by 1.6 %
under the comparison drug's influence. The therapeutic effectiveness of the vaginal gel
positively influenced the balance of sex hormones, with the level of estradiol being 1.5
times and progesterone being 1.4 times higher than in untreated animals. The
therapeutic effect of the gel was almost as effective as the topical comparison drug
promestriene.

The treatment with the gel containing resveratrol and hyaluronic acid
demonstrated a substantial reduction in pathological manifestations of
hypoestrogenism, particularly in relation to the vaginal mucosa. In terms of overall
macroscopic indicators, the phytoestrogen-containing gel significantly diminished
signs of hypoestrogenic atrophy, reducing the score from 7 points, as observed in
animals of the CPG, to 2 points. This efficacy was on par with the pharmacological

activity of the estrogen-containing cream.
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These findings were in alignment with a noticeable positive impact of the vaginal
gel on the structural and functional condition of the vaginal mucosa, as evidenced by
histological examinations. This was exemplified by an increase in epithelial thickness,
the presence of indicators of typical estrogen-like effects, and the promotion of
regenerative processes, as reflected in a pH range of 4.4-4.5.

A morphological examination of the heart muscle and skeletal system revealed
that the vaginal gel containing resveratrol and hyaluronic acid exhibited a protective
effect. It had the ability to inhibit the development of degenerative changes in the
myocardium, articular cartilage, and subchondral trabecular bone, which typically
occurred in untreated estrogen-deficient rats. In terms of its capacity to alleviate
genitourinary symptoms of hypoestrogenism, along with its cardio- and
chondroprotective effects, the gel with resveratrol and hyaluronic acid demonstrated
similar efficacy to the topical comparison drug, promestriene.

Furthermore, in an investigation utilizing the model of pharmacological
castration in female rats, the study explored potential mechanisms underlying the
neuroprotective action of the gel containing resveratrol and hyaluronic acid. It also
assessed the impact of the gel on behavioral reactions that characterize the functional
state of the CNS.

female rats' brains. These markers included HIF-1o mRNA, HSP70 mRNA, c-
fos mRNA, and the concentration of HSP70 in both the cytoplasm and mitochondria.
A real-time polymerase chain reaction was used to assess these markers.

The results showed a significant reduction in the expression of HIF-1a mRNA
in the group of animals with hypoestrogenic conditions (CPG) compared to the intact
group (ICG). Specifically, there was a 92.2 % decrease in HIF-1a mRNA expression.
Similarly, there were substantial decreases in the expression of HSP70 mRNA (92.5 %
reduction) and c-fos mRNA (80.6 % reduction) in the CPG group.

Enzyme-linked immunosorbent assay (ELISA) findings also indicated a 61 %
decrease in the concentration of HSP70 heat shock proteins in both the mitochondria

and brain cytosol of animals in a hypoestrogenic state.
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When animals with induced hypoestrogenic conditions due to pharmacological
castration were treated, the vaginal gel containing resveratrol and hyaluronic acid led
to significant increases in the expression of certain neuroprotective markers in the CA1
hippocampal region. Specifically, HIF-1o. mRNA expression increased by 150 %,
HSP70 mRNA by 33 %, and c-fos mRNA by 200 %.

A more pronounced neuroprotective effect was observed when the animals
received combination therapy, involving the use of the vaginal gel containing
resveratrol and hyaluronic acid along with intragastric administration of resveratrol at
a dose of 100 mg/kg. This combination therapy appeared to have a greater impact on
enhancing neuroprotection in this context.

The combination of topical application of resveratrol through the vaginal gel and
systemic exposure via tablets led to a remarkable increase in the expression of
neuroprotective markers in the CA1l hippocampus of animals with hypoestrogenic
conditions. Specifically, HIF-1o. mRNA expression increased by 23 times, HSP70
mRNA by 30.7 times, and c-fos mRNA by 6.7 times.

Furthermore, the expression levels of these markers in the CA1 hippocampus of
animals with hypoestrogenic status were restored to levels similar to or even higher
than those observed in the ICG. The concentration of HSP70 in both the cytosolic and
mitochondrial fractions of the brain also significantly increased by 118 % and 177 %,
respectively, when the combination therapy was administered.

The prolonged administration of the gel to ovariectomized females, containing
resveratrol and hyaluronic acid, led to the restoration of the normal functional state of
the central nervous system. This was evident through improved exploratory behavior
and a reduction in autonomic-emotional reactions, with these indicators reaching levels
comparable to those observed in intact animals. When combined with resveratrol
tablets, the therapy demonstrated a more pronounced psychotropic effect, effectively
eliminating depressive symptoms associated with estrogen deficiency.

Notably, the combined administration of the gel and tablets with resveratrol had
a more significant and comprehensive impact on all aspects of central nervous system

indicators, surpassing the therapeutic effects of monotherapy with the gel containing
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resveratrol and hyaluronic acid, as well as active drugs, including synthetic estrogenic
compounds.

In conclusion, these recent scientific findings provide robust support for the
development of an innovative topical medication containing resveratrol and hyaluronic
acid. They underscore the importance of determining the optimal composition of the
dosage form and demonstrate its effectiveness in addressing various experimental
models of hypoestrogenic conditions while shedding light on specific mechanisms
underlying its neuroprotective action.

As a result of bilateral ovariectomy in female rats, the number of opportunistic
pathogens, aerobic bacteria, Escherichia coli, staphylococci, and clostridia increased
statistically significantly in cultures of vaginal secretions. A significant decrease in the
number of lactobacilli was established. Therefore, significant changes occurred,
indicating significant changes in the vaginal microflora (Table 8.1).

Under the influence of test samples of vaginal gels with resveratrol
concentrations of 0.5 %, 1 %, 2 %, 3 %, a moderate improvement of the studied
indicators of the vaginal biotope was observed: the growth of opportunistic pathogens
decreased compared to animals of the CPG, the number of Lactobacilli was almost at
the level of the indicator of the group ICG, and a certain effect on the number of
anaerobic microorganisms — clostridia — was also observed.

After the use of the comparative drug “Ginodek™ in female rats, the number of
opportunistic pathogens, Escherichia coli, staphylococci, clostridia decreased and the
number of Lactobacilli increased.

The obtained results indicate that the studied test samples in general showed a
less expressed antimicrobial activity than the comparative drug “Ginodek”, which
normalized the vaginal microbiocenosis of female rats with hypoestrogen.

The findings from the pharmacological study of the novel vaginal gel containing
phytoestrogen resveratrol and hyaluronic acid have been integrated into the research
activities of associated departments within Ukrainian higher education institutions

specializing in medical and pharmaceutical fields.
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Table 8.1 — Indicators of the state of biocenosis of the lower part of the genital tract of ovariectomized female rats treated with

vaginal gels with resveratrol and hyaluronic acid, (colony forming units / ml, x = Sx)

Experimental group, n = 6

£ £ = £ = £ =
- : 2 : = : < ;- 33
Microorganisms 8 E S § S 2 g £ g + 3
= &) + B + & + £ + 5 ga g
O 9 O 2 O 2 O 2 o<
& 2 ] ] ] ¥
O 9 O = O = O =
Anaerobic bacillus 9,06+0,08 9,924+0,29* 9,17+0,05*#" | 9,18+0,04*#™ | 9,2340,04*#" | 9,42+0,12*#" 9,06+0,03*#
Clostridia 0 6,39+0,015% | 4,72+0,12*#* 4,82+0,12%#" 4,74£0,17*#" 5,74+0,3*#" 4,57+0,11%#°
Escherichia coli 6,87+ 0,11 9,86+0,14* 7,07+0,20%#" 7,194+0,25*#A 7,24+0,26*#~ | 7,13£0,33*#" 6,77+0,14*#~
Other aerobic 6,15+0,07 8,17+0,06* 6,97+0,15*#" 7,14+0,14*#~ 7,11£0,30*#" | 7,22+0,19*#" 6,15+0,08*#"
Gram negative bacillus
Staphylococcus 3,20+0,05 5,2040,07* 3,68+0,28*# 4,06£0,20%#" 4,01+0,13*#~ | 4,13+£0,23*#" 3,2140,04*#~
Lactobacteria 10,05+0,05 7,76+0,28* 9,89+0,14*# 9,68+0,21*# 9,76+0,18*#" | 9,53+0,14*#" 10,07+£0,07*#"

Note: *p <0.05 compared to the group of ICG animals, #p <0.05 compared to the group of CPG animals, *p <0.05 compared to the group of animals

that received the comparison drug, n is the number of animals in the experimental group.
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The proposed gels with resveratrol and hyaluronic acid proved to be effective
under the conditions of intravaginal 28-day administration to ovariectomized female
rats, as they restrained the increase in body weight that occurs against the
background of estrogen deficiency, normalized the body temperature at the base of
the tail (preventing the manifestations of ‘“hot flushes™), contributed to the
restoration of vaginal biotope and the acidic environment of the vaginal secretion,
prevented the development of atrophic changes in the vaginal mucosa.

Based on the results of an integral assessment of the effectiveness of the
therapeutic effect of vaginal gels, it was established that the optimal content of
resveratrol in the dosage form is 0.5 %, since according to the vast majority of
indicators on the model of the experimental hypoestrogenic state in animals, it turned
out to be the most effective.

The obtained results indicate not only a local, but also a possible systemic
effect of the new vaginal dosage form of the combined composition with resveratrol
and hyaluronic acid, which justifies the need for further in-depth research.

The results of the study of the acute toxicity of the gel with resveratrol and
hyaluronic acid allow it to be assigned to the V class of toxicity (practically non-
toxic substance). Data on long-term 90-day IV administration indicate the absence
of a general toxic effect on animals and a local irritant effect on the mucous
membrane of the lower part of the genital tract.

Experimental research data indicate the feasibility of developing and using
vaginal dosage forms with phytoestrogen resveratrol and hyaluronic acid as an
alternative to hormone-containing drugs for the treatment of pathological

hypoestrogenic conditions.
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CHAPTER 9.
POSSIBLE MECHANISMS OF RESVERATROL INFLUENCE ON THE
REPRODUCTIVE SYSTEM IN OVARIECTOMIZED RATS

Menopause causes osteoporosis, cardiovascular complications, cognitive
impairment, and metabolic disorders among women [413-415]. The onset of
menopause is a genetically programmed, age-related phenomenon marked by a
gradual decline in ovarian function. However, the premature cessation of ovarian
function, which can occur as a result of surgical procedures or pharmacological
interventions such as ovarian depletion syndrome following assisted reproductive
technologies, can lead to abrupt hormonal changes in younger women.

Various etiologies of menopausal disorders can manifest due to estrogen
deficiency and result in pathological symptoms and what is commonly referred to as
the “menopausal syndrome”. This syndrome often diminishes the quality of life for
affected women.

Menopausal symptoms, as a result from ovarian failure, commonly cause
menopausal women to consult their physicians (hot flashes, bone mass loss, urinary
complaints, vaginal dryness, and dyspareunia caused by vaginal atrophy) [413, 416].
This period is associated with the decrease of hormonal function of the ovaries that
dramatically affects the female reproductive system, inducing changes in uterus,
vagina, and vulva structure, microbiome, local immunity, and functioning [417].
With increased life expectancy, the influence of vulvovaginal atrophy (hereafter —
VVA) on the quality of life, sexual function, and pelvic floor health is becoming
more evident in the practice of medicine nowadays [414, 418]. In the hypoestrogenic
state, the vaginal epithelium becomes thinner, glycogen production declines, and, as
a result, lactic acid production is reduced, increasing vaginal pH. The change in pH
encourages the overgrowth of nonacidophilic coliforms [415].

Estrogen plays a crucial role in addressing VVA caused by estrogen
deficiency, and as a first-line treatment, estrogen therapy is recommended for this

condition [414, 419]. Systemic administration of estrogen, often as part of post-
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menopausal hormone therapy, can effectively alleviate urogenital atrophy. However,
following the increased risk of venous thromboembolism, stroke, and breast cancer
as determined by the Women's Health Initiative (WHI) trial [420], many women
have become hesitant to pursue such therapy [421, 422]. In order to mitigate
potential adverse effects and risks associated with systemic estrogen use, vaginal
estrogen therapy is generally recommended unless other menopausal symptoms,
such as hot flashes, are also present [422].

Nevertheless, concerns persist that vaginal estrogen treatment may be
absorbed into the bloodstream, possibly leading to adverse systemic estrogen-related
effects [423]. Despite promising findings, the labeling for commercially available
vaginally applied estrogens, in terms of contraindications and warnings, often
mirrors that of systemically administered estrogens due to a practice known as
“class-labeling”, which is commonly mandated by health authorities. This raises the
question of whether the side effects and risks are dependent on the type of estrogens
used vaginally and whether the potential for systemic effects can be reduced through
the use of low-dose or “ultra-low dose” estrogen products [422].

The symptoms of vaginal dryness and VVA tend to worsen over time, and
various treatments are available, including different over-the-counter options such
as vaginal moisturizers and lubricants [424]. Research conducted in the United
States has indicated that vaginal dryness can also affect younger women, often due
to the use of antiestrogen medications [425]. Consequently, the use of vaginal
lubricants can be effective in alleviating post-menopausal atrophic vaginitis. Studies
have shown that vaginal moisturizers and lubricants provide rapid relief from
vaginal dryness and dyspareunia (painful intercourse) and can help reduce
discomfort associated with such conditions [426, 427].

Currently, there is a notable absence of topical medications that can
complement systemic treatments or primarily address genitourinary symptoms, such
as vaginal dryness, itching, mucosal irritation, dyspareunia, and urinary

incontinence. An intriguing approach to address this ongoing scientific challenge in
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modern pharmacology is the development of vaginal medications with multimodal
effects incorporating phytoestrogens and hyaluronic acid.

Phytoestrogen resveratrol serves as an analogue of natural sex hormones and
acts as an agonist for estrogen receptors [428]. Resveratrol, a plant polyphenol found
in grapes, berries, nuts, and primarily red wines, is produced by plants in response
to stress, injury, or exposure to UV radiation. It assists the plant in adapting to
changing environmental conditions [429]. Resveratrol possesses diverse properties,
including activity against glycation, oxidative stress, inflammation,
neurodegeneration, several types of cancer, and the aging process [430, 431].
Nevertheless, the bioavailability and pharmacokinetics of resveratrol remain
challenging when administered orally. To address these issues, experimental vaginal
gel formulations containing resveratrol and hyaluronic acid (R-HA gel) have been
developed and tested for their in vivo effects. Hyaluronic acid is an exogenous
glycosaminoglycan analogue and is a natural component of vaginal mucus, serving
as a physiological moisturizer, lubricant, and playing a vital role in the protective
barrier of the genital tract [424, 425]. When combined with excipients, such as lactic
acid, this unique composition currently lacks analogs in the pharmaceutical market.

The study's objective was to evaluate the effects of vaginal R-HA gel on the
reproductive system of ovariectomized rats and to understand the potential
mechanisms underlying its action.

An increase in body weight in females following the removal of their ovaries
indirectly confirms the validity of the hypoestrogenemia model. This weight gain is
indicative of disruptions in lipid metabolism, a characteristic feature of the
menopausal syndrome [432]. These changes may significantly contribute to the
development of metabolic syndrome, type 2 diabetes, and obesity, all of which can
be attributed to the hormonal imbalances in the bloodstream that occur during
menopause [433].

At 28-day administration, the therapeutic effect of the R-HA gel was

manifested by a slowing of the rate of weight gain (Table 9.1). In contrast to
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untreated OVX group, in which body weight gain was 23 %, in the R-HA group after

4 weeks of treatment, body weight gain was not more than 5.96 %.

Table 9.1 — Weight and tail temperature dynamics before and after treatment

Intact Rats OVX Group R-HA Group
(n=7) (n=7) (n=7)

Parameters

Weight before ovariectomy,
g
Weight on week 5 after
ovariectomy, g

Weight after 4 weeks of
treatment, g

208.67+1.82?% | 211.33+1.15% | 218.00+1.63%

214.17+2.182 | 246.33+£1.19° | 24533+3.16°

217.83 £2.51 | 260.17+1.92° 231.00+£2.46°¢

Tail t° before ovariectomy,
°C
Tail t° on week 5 after
ovariectomy, °C

Tail t° after 4 weeks of
treatment, °C

32.83+0.14° 329+£0.12% 32.8+0.8°?

3292 +0.05° 36.18£0.05° 35.67+£0.05°

3294+0.11° 36.15+£0.03° 33.12+0.12°

Data are presented as the M +£ SEM. One-way ANOV A with post hoc Tukey’s
test for multiple comparisons were performed for data analysis. a, b, ¢ Values at the
same row with different superscript letters show significant differences at p < 0.05.

The systemic therapeutic effect of the R-HA gel was evident through a notably
reduced occurrence of tail base temperature elevation, which corresponds to the
menopausal symptom of hot flashes in women. In ovariectomized (OVX) rats, the
tail temperature increased by 10 % compared to intact females. However, when
treated with topical R-HA gel, the increase was only 1.0 % (Table 9.1). This
reduction in tail temperature increase demonstrates the efficacy of the gel in
alleviating the symptom of hot flashes, a common occurrence in menopausal
women.

R-HA topical treatment for 4 weeks was associated with an insignificant
increase of estradiol (35.6 +2.32 vs. 28.54 + 1.6 pg/mL, p = 0.072) and progesterone
(15.47 £1.72 vs. 10.64 £ 1.07 pg/mL, p = 0.064) levels as compared to OVX rats.

On the other hand, hormone levels did not reach the value of intact rats (Figure 9.1).
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Figure 9.1 — Serum sex hormones levels in control, OVX, and after 4 weeks
of R-HA administration ((A)—estradiol; (B)—progesterone). Data are presented as
the M = SEM. One-way ANOVA with post hoc Tukey’s test for multiple
comparisons was performed for data analysis

Although the R-HA treatment did not result in reaching the primary levels,
the trend of elevation of sex hormones was detected. As a result, R-HA treatment
provided a limited effect on systemic levels of estradiol and progesterone in OVX
rats.

In ovariectomized (OVX) rats, significant reductions were observed in both
endometrial and vaginal mucosa thickness, with endometrial thickness decreasing
by up to three times and vaginal mucosa thickness decreasing by approximately two
times (as shown in Figure 9.2). The thinning of the endometrium was associated
with complex changes that affected both the luminal epithelium and the glands. The
epithelial lining became thinner with a higher nuclear-to-cytoplasmic ratio.
Additionally, there was a substantial reduction in the number of glands in the lamina
propria, with only a few small glands remaining in the endometrium of
ovariectomized animals. These changes are indicative of the impact of ovariectomy

on the reproductive tissues.
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Figure 9.2 — Effect of ovariectomy and R-HA gel administration on the
thickness of vaginal epithelium (A) and endometrium (B). Data are presented as
the M = SEM. One-way ANOVA with post hoc Tukey’s test for multiple
comparisons was performed for data analysis

Vaginal mucosa in OVX group also demonstrated a decrease in thickness due
to thinning of squamous stratified epithelium with altered cell differentiation. There
were features of inflammatory infiltration of lamina propria by polymorphonuclear
leucocytes (hereafter — PMN) as compared with the control group (Figure 9.3).
These changes were associated with the increased COX-2 expression in both
stratified squamous epithelium and lamina propria infiltrated by highly
immunopositive cells.

R-HA gel administration lessened the atrophy of the endometrium
(382.79+17.18 vs. 207.46 + 10.7 um, p < 0.001) and thinning of the vaginal
epithelium (46.56 + 1.76 vs. 32.33 £ 1.87 um, p = 0.001) as compared with the OVX
group, though the endometrial structure still varied from the control rats (Figure 9.2).

Endometrium showed higher luminal epithelium and density of endometrial
glands, which determined the increase of endometrial thickness. Glands were
surrounded by numerous small vessels reflecting the ameliorating effect of R-HA
administration. Evaluation of vaginal mucosa revealed the anti-inflammatory action
of R-HA treatment as compared with OVX. This conclusion was confirmed by the
decrease in COX-2 expression both in vaginal epithelium and stromal cells

(Figure 9.3).
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Figure 9.3 — Impact of ovariectomy and R-HA treatment on vaginal mucosa.
(A—C)—H&E staining. Scale bars 50 pm. (D—F) — Immunohistochemistry
demonstrating COX-2 expression. Scale bars 50 pm. (A) —The vaginal mucosa of
the control group. (B) —The vaginal mucosa of the rats after ovariectomy
demonstrates thinning of the stratified squamous nonkeratinized epithelium and
inflammatory infiltration of the lamina propria by polymorphonuclear leukocytes.
(C) — R-HA treatment of ovariectomized rats attenuated inflammatory infiltration
and prevented covering epithelium atrophy. (D) — A few COX-2 positive cells in
vaginal mucosa of the control group animals. (E) — Increased number of COX-2
positive cells in the vaginal mucosa. (F) — Decline of COX-2 expression in
vaginal mucosa after R-HA treatment

Under the treatment of the R-HA gel, notable improvements were observed in
the pathological manifestations associated with hypoestrogenism, particularly
concerning the condition of the vaginal mucosa. These positive outcomes were
supported by histological examinations, which revealed several indicators of
estrogen-like effects, such as increased epithelial thickness and accelerated
regenerative processes. The restoration of vaginal pH to a range of 4.4-4.5 also
indicated the positive impact of the treatment, reflecting a healthier structural and

functional state of the vaginal mucosa (Figure 9.4).
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Figure 9.4 — The value of the vaginal pH in control, OVX animals, and in
female rats before and after R-HA topical treatment.

Data expressed as mean + SEM. For comparison, paired sample t-tests were

used

Analyzing the mechanisms of topical treatment with the R-HA gel, we
examined the biomarkers involved in regulating apoptosis. Ovariectomy led to an
increase in Casp-3 expression and a decrease in Bcl-2 immunoreactivity in the
endometrium, indicating proapoptotic changes. However, R-HA treatment
counteracted these proapoptotic stimuli and increased Bcl-2 expression, ultimately
providing an antiapoptotic effect in the endometrium.

The ovariectomy procedure led to an increase in Casp-3 immunoreactivity in
the lining epithelium, endometrial stroma, and glands of the OVX animals
(p <0.001). However, when the R-HA gel was administered, there was a significant
reduction in Casp-3 expression in all cell types, with the most noticeable effect
observed in the glands when compared to the OVX group (p < 0.001) (Figure 9.5).

When assessing the impact of R-HA on Bcl-2 expression, we observed
specific patterns in different tissues. In normal endometrium, there was mild Bcl-2
expression in the epithelium, high expression in stromal cells, and moderate to high
expression in glandular cells. However, ovariectomy primarily affected Bcl-2
expression in glandular cells. In luminal epithelium, there were changes in the
pattern of Bcl-2 expression, transitioning from a mild, diffuse pattern under normal

conditions to an intercalated distribution of cells with varying immunostaining
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intensities in ovariectomized rats, although the total score remained unchanged
(p=0.561) (Figure 9.6).

While R-HA administration did not significantly alter the Bcl-2 scores in the
luminal epithelium and stroma of the endometrium, the most significant effect of
R-HA treatment was observed in the glands when compared to the OVX group
(p <0.001). This effect would provide protection against apoptosis and endometrial
atrophy.

Ovariectomy resulted in increased Casp-3 expression but decreased Bcl-2
expression, particularly in endometrial gland cells. The antiapoptotic effect of R-HA
administration was linked to increased VEGF expression. This signifies that R-HA
treatment helped counteract the proapoptotic changes induced by ovariectomy
through the upregulation of VEGF, which plays a crucial role in promoting
angiogenesis and cell survival.

The anti-apoptotic effect of R-HA was correlated with an increased expression
of VEGF in endometrial glands (p < 0.001) and stromal cells (p = 0.007). Likewise,
elevated VEGF expression was observed in both the stratified squamous non-
keratinized epithelium and the vaginal lamina propria. This suggests that R-HA
treatment has a positive impact on the expression of VEGF, which is associated with
angiogenesis and cell survival, in various tissue types, including the endometrium
and vaginal tissues (Figure 9.6).

Therefore, R-HA treatment attenuates atrophic changes in the genital tract by
antiapoptotic pathways in the endometrium and stimulating angiogenesis in the

endometrium and vagina.
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Figure 9.5 — Changes in Casp-3, Bcl-2, and VEGF expression in
experimental groups’ immunohistochemistry. Scale bars 50 um. Ovariectomy
resulted in thinning of endometrial lining epithelium (arrows), declining number of
endometrial glands (asterisks), and changes in biomarkers expression. While Casp-
3 expression increased in epithelium lining, endometrial stroma, and glands after
ovariectomy, the levels of Bcl-2 reduced significantly in glandular cells as
compared with the control group, shifting the balance between Casp-3/Bcal-2
towards pro-apoptogenic regulation. R-HA treatment attenuated the activation of
pro-apoptogenic pathways through elevation and Bcl-2 expression and reduction of
Casp-3 levels especially in glands. This effect was associated with enhancement of
VEGF expression in both endometrial stroma and glands
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Figure 9.6 — R-HA treatment attenuates proapoptotic changes in
endometrium and recovers Bcl-2 and VEGF expression. Data are presented as the
M £+ SEM. One-way ANOVA with post hoc Tukey’s test for multiple comparisons
was performed for data analysis. a, b, ¢ values on the same row with different
superscript letters show significant differences in p < 0.05

Since menopause is not an illness but a manifestation of age-related changes,
it provokes an endocrine imbalance in the body, which leads to the onset of
symptoms such as hot flashes, irritability, sleep disturbances, genitourinary
disorders, and increases the risk of metabolic, cardiovascular—vascular, neurological
diseases, and osteoporosis [434, 435]. During natural menopause, estrogen levels
gradually decline over several years, allowing women's bodies to adapt to life with
reduced estrogen. However, in the case of surgical menopause, where the ovaries
are removed, a significant number of women (75-90 %) experience

post-ovariectomy syndrome shortly after the surgery, leading to a rapid onset of
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symptoms associated with estrogen deficiency [436]. This underscores the
importance of implementing both medical and social measures to safeguard women's
health, enhance their productivity, and maintain their overall quality of life during
the peri- and post-menopausal periods. It also emphasizes the critical need for the
development of effective and safe medications tailored for the personalized
prevention and treatment of menopausal disorders.

Classical estrogen replacement therapy has been associated with an elevated
risk of cancer and other health issues [413-415, 420, 422, 455]. Consequently, there
is a pressing need for safer and more effective treatment approaches. A recent
clinical investigation sought to compare the therapeutic effectiveness of alternative
vaginal medications, such as promestriene (a low-potency estrogen agonist) and
sodium hyaluronate (NaH), a nonhormonal, water-based agent. Notably, both the
low-potency estrogen agonist promestriene and nonhormonal vaginal NaH
applications were found to be equally effective in treating menopausal vaginal
atrophy [437].

Moreover, a recent review explored the relationship between resveratrol and
reproductive health, delving into the unique aspects of phytoestrogen resveratrol, its
effects on embryogenesis, spermatogenesis, pregnancy-related complications,
umbilical blood vessels, and women's reproductive health in general [428, 438§].
Research has also shown that three months of peroral resveratrol therapy can
improve endothelial function and reduce blood pressure in ovariectomized rats
[439]. Additionally, a 24-month randomized, controlled, crossover trial
demonstrated that resveratrol supplementation could enhance aspects of well-being,
including the management of chronic pain, a common issue among post-menopausal
women [440].

Nonetheless, the bioavailability and pharmacokinetics of resveratrol remain
challenging when administered orally [428]. To address this, the research study
utilized an experimental vaginal gel containing resveratrol and hyaluronic acid.
Consequently, this investigation aimed to examine the pharmacological effects of

the vaginal gel with resveratrol and hyaluronic acid on both local (genitourinary)
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and systemic manifestations of hypoestrogenism using a model of bilateral
ovariectomy (surgical castration).

The results of our study suggest that a 28-day treatment with R-HA vaginal
gel can effectively alleviate the typical symptoms of menopause. The therapy's
effectiveness was demonstrated by a slowdown in weight gain in the treated animals,
a reduction in vaginal pH, and a decrease in the indicators of inflammatory
infiltration and atrophy observed in OVX rats. Importantly, we did not observe a
significant increase in sex hormone levels with R-HA treatment [456, 457].

To address the question of potential systemic effects of R-HA treatment, it's
important to recognize that R possesses various effects on estrogen-estrogen
receptor signaling. First, R, as a phytoestrogen, can enhance the expression of native
estrogen-regulated genes. Second, R can directly activate estrogen receptors (ER) as
an agonist, thereby triggering mitogen-activated protein kinase (MAPK) and
subsequent signaling pathways [441, 458]. Finally, the genomic impact of R on ER
transcription has been identified, indicating that R can function as an activator and
sensitize ER in OVX animals. These mechanisms might explain how R-HA gel
treatment can effectively address menopausal symptoms without significantly
affecting sex hormone levels.

In addition to its estrogen receptor ER-stimulating effects, R has a broad range
of beneficial impacts on various biological processes within cells. For instance,
R has been shown to decrease cell proliferation, induce apoptosis in cancer cells,
and promote smooth muscle relaxation [428, 442, 443]. This polyphenol also
possesses anti-inflammatory and antioxidant properties, as well as cytoprotective
action [444-446]. R's antioxidant effect is achieved through the upregulation of
various antioxidant enzymes and the reduction of superoxide production by
enhancing the activity of the enzyme GTP cyclohydrolase I, which plays a role in
the synthesis of tetrahydrobiopterin and has an impact on endothelial nitric oxide
synthase (eNOS). This mechanism contributes to the protection of the cardiovascular
system [447]. R is also associated with other favorable effects, including anti-lipid,

anti-aging, anti-bacterial, anti-viral, and neuroprotective actions [447]. Additionally,
174



polyphenols like R have been linked to weight management [447, 448§].
Furthermore, the genomic effects of R involve the modulation of sirtuin 1 and the
nuclear factor E2-related factor-2, leading to the epigenetic regulation of various
gene transcription processes [448].

In our study, we observed a significant positive effect of local R-HA gel on
the health and structure of the vaginal mucosa. The reduction in vaginal pH is
attributed to lactic acid present in the vaginal mucous [449]. This decrease in pH is
influenced by both the maturation of squamous epithelial cells, which is dependent
on sex hormones, and the microbial flora in the vagina. Ovariectomy resulted in an
increase in vaginal pH and inflammatory infiltration of the vaginal wall, but R-HA
treatment improved vaginal homeostasis by reducing inflammation and pH levels.
Furthermore, our data clearly showed that local administration of R-HA prevented
atrophic changes in the vaginal epithelium and exhibited anti-inflammatory effects.
This could be attributed to the normalization of the vaginal microflora as well as the
direct anti-inflammatory actions of R. The local activity of the gel may also be
attributed to the distribution and action of hyaluronic acid. Research has suggested
that hyaluronic acid is effective, safe, and well-tolerated, making it a potential
alternative for women who cannot use hormonal therapy to address symptoms of
vaginal atrophy [450-451].

To understand the mechanisms of the R-HA gel's effects on the endometrium
and vagina, we conducted an immunohistochemical study using specific biomarkers,
including COX2, Casp-3, Bcl-2, and VEGF. Previous research has demonstrated
that estrogens play a vital role in the survival of reproductive system cells and
possess potent antioxidative and anti-inflammatory properties. Since the
endometrium and vagina are highly sensitive to sex hormone levels, a deficiency of
estrogens can disrupt the balance between cell proliferation, survival, and apoptosis
[451]. As a result, ovariectomy (OVX) leads to elevated levels of oxidized
glutathione, lipid peroxidation, and mitochondrial DNA damage, all of which can
induce oxidative stress and inflammation [452]. Notably, OVX rats exhibited a

significant increase in the expression of Casp-3, a key player in the execution phase
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of apoptosis. Conversely, topical treatment with R-HA attenuated the proapoptotic
activation by increasing Bcl-2, a mitochondrial protein contributing to antiapoptotic
signals. Essentially, R-HA administration reversed the changes induced by
ovariectomy. The beneficial effects of the R-HA gel can be attributed to the
combined influence of both resveratrol and hyaluronic acid. HA is abundant in
mucosal connective tissue and contributes to moisture retention and nutrient
transport. Additionally, HA supports the proliferative phenotype of fibroblasts and
protects them from apoptosis. Resveratrol has several positive effects, including its
impact on estrogen receptor alpha, stimulating their expression and signaling [453].
It also facilitates angiogenesis by enhancing the production of VEGF, which is
essential for maintaining proper blood supply and preventing sclerotic changes [454,
459]. Lastly, by harmonizing oxidative stress events and modulating pro- and anti-
apoptotic signaling, the R-HA gel helps maintain tissue homeostasis and reduce
inflammation.

In this study, the treatment with R-HA vaginal gels effectively improved
women's reproductive health, offering a promising alternative, especially for patients
who cannot use hormonal therapies. Therefore, further preclinical and clinical
studies are necessary to validate the positive results of R-HA gel. Larger randomized
studies are needed to confirm these findings.

In this chapter, we have gathered new scientific data that support the potential
development of an innovative topical medication containing R and HA. The 28-day
application of this gel has demonstrated its therapeutic effectiveness in an
experimental model of hypoestrogenic conditions. Moreover, it has shed light on
specific mechanisms responsible for its anti-inflammatory effects. More precisely,
our research has uncovered a novel anti-inflammatory mechanism, dependent on
COX-2, that leads to increased Bcl-2 expression, resulting in an antiapoptotic effect
in both the endometrium and vagina. This effect is closely linked to the gel's ability
to stimulate angiogenesis through an increase in VEGF expression in endometrial

glands and stromal cells.
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The limitations of the study that there are only a few experimental animals
included and the absence of molecular biology methods such as Western blotting,
etc. for results interpretation.

The obtained data proved the pharmacological efficiency of using the R-HA
vaginal gel to reduce the symptoms of menopause and constitute an experimental

rationale for further preclinical and clinical studies.
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CHAPTER 10.
DIFFERENCES IN NO/SH-MECHANISMS OF NEURON DAMAGE IN
EXPERIMENTAL VCD-HYPOESTROGENEMIA UNDER
RESVERATROL IMPACT

In menopause, despite its physiological nature, persistent molecular and
biochemical changes occur, leading not only to the extinction of the reproductive
function of a woman but to a deterioration of her quality of life [460]. During
menopause, against the background of hypoestrogenemia, against the background of
autonomic dysfunction, increased anxiety, cognitive impairment, the growth of
cardiovascular pathologies, and adverse outcomes increase [461]. Through this
period, as shown by experimental and clinical studies, the formation of endothelial
dysfunction, disturbance in the NO system, changes in lipid and carbohydrate
metabolism, and increased platelet aggregation are observed.

There are experimental data that hypoestrogenemia against the background of
modeling peri- and postmenopause is accompanied by an increase in the
mitochondrial BAX/Bclx1 ratio, release of cytochrome C into the cytoplasm,
increased caspase-3 expression, kinase activation, and initiation of apoptosis [462].
On this point, there is no doubt about the importance of adequate complex treatment
of menopausal problems that occur in the peri- and postmenopausal period in
women. Hormone replacement therapy is a pathogenetic method for correcting
menopausal disorders, which is prescribed to relieve menopausal symptoms, and
urogenital diseases, prevent bone loss, the occurrence of colorectal cancer, and the
development of metabolic and other disorders [463]. However, under the conditions
of hormone replacement therapy in women with hypoestrogenemia, the risk of
developing thromboembolism, coronary artery disease, myocardial infarction, and
stroke increases. Lately, it has been determined that hormone replacement therapy
does not have the desired effect on cognitive impairment in perimenopausal and
menopausal women and is associated with the risk of developing major side effects
[464].
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Usage of recently synthesized phytoestrogens leads to decreasing side effects
[465]. However, the prescription of vaginal forms of phytoestrogen preparations
does not lead to the mitigation of cognitive disorders, which requires the
administration of additional neuroprotective drugs into the complex treatment of
menopause [466]. Considering the identified molecular-biochemical disorders in
early menopause, the attention of pharmacologists and physicians is drawn to drugs
that reduce the intensity of oxidative stress, prevent the formation of mitochondrial
dysfunction, initiate neuroapoptosis, and normalize thiol-disulfide balance [467].
These drugs include resveratrol, which has antioxidant and estrogen-like properties
[468].

Analyzing the data presented in Table 10.1, characterizing the expression of
mRNA eNOS, mRNA nNOS, and iNOS in the CA1-zone of the hippocampus of the

brain of females with VCD hypoestrogenemia, the following was found out.

Table 10.1 — Expression pattern of eNOS mRNA, nNOS mRNA, and iNOS
in the brain of female rats with VCD-hypoestrogenemia and against the background

of pharmacological correction on day 29 after treatment (M £ m)

) eNOS mRNA, mRNA nNOS, mRNA 1INOS,

Experimental groups
C.U. C.u. C.U.
Intact control (IC) 1000+0.008 1.000+0.0032 1.000+0.0112
Control pathology 0.0918+0.0001 0.549+0.0178 5.194+0.0922
(CP)
CP + gel with R 0.214+0.008* 0.710£0.0057* | 5.8765+0.0875*
CP+ gel withRand ) 1 506.0.0033#12 | 1.1550.011%12 | 2.300820.0764*!2
tablets with R
CP + 0.093+0.001 0,.6011+0.012 | 7.0543+0.0765*
“Colpotrophine”
cream
Note: * —p <0.05 in relation the control pathology (CP)

I — p <0.05 in relation to the group CP + “Colpotrophine” cream
2 — p <0.05 in relation to the group CP + gel with Resveratrol
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The expression of eNOS mRNA in the group of untreated rats (control) was
90.8 % lower than in the group of intact animals. A decrease in nNOS mRNA
expression by 45.1 % and a significant decrease in INOS mRNA by 5.2 times were
also observed. Enzyme immunoassay revealed an increase in the concentration of
nitrotyrosine in mitochondria (3.94 times) and in the cytosol of the brain (3.48 times)
with VCD-hypoestrogenemia compared with healthy females of the same age. The
revealed facts indicate significant disorders of the nitroxidergic system of the brain
and the activation of nitrosating and oxidative stress.

A significant role in the mechanisms of neuron death in various
neurodegenerative diseases belongs to NO-mediated mechanisms, which are
realized by increasing the expression and activity of various NOS isoforms [469].
Under conditions of transmitter autocoidosis in neurons (cerebellum, hippocampus,
cortex), activation of neuronal NO synthase (nNOS) and an increase in
NO production are observed, which is involved in the initiation of neuroapoptosis,
opening of the pore of the mitochondrion, and the formation of mitochondrial
dysfunction, in the nitrosylation of SH-containing signaling molecules, and their loss
functions, as well as suppression of Zn-Cu-SOD activity [470].

The most sinister role in neuronal damage belongs to the inducible form of
NOS, the expression of which by glial cells leads to hyperproduction, not so much
of NO as of its numerous cytotoxic forms — from peroxynitrite to nitrosonium ion.

The low level of reduced intermediates of the thioldisulfide system and an
increase in the concentration of pro-inflammatory cytokines, especially IL-1b, play
an important role in regulating iNOS expression and activating nitrosating stress. [L-
Ib activates AP-1 and NF-kB, which change the cell signal under ischemia and
increase the expression of other pro-inflammatory factors while stimulating iNOS
expression by astrocytes [470, 476].

Elevated levels of IL-1b can have adverse effects on the transport of reduced
glutathione, leading to a reduction in its synthesis. A deficiency in intracellular
glutathione, which plays a role in nitric oxide (NO) transport and bioavailability, can

increase the production of ONOO" (as described in [471]). The impact of IL-1b on
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the regulation of HSP70 expression is complex and can vary from stimulation to
inhibition depending on its concentration (as discussed in [470]).

Course treatment (Table 10.2) with vaginal cream Colpotrophin did not have
a distinct effect on the expression of eNOS mRNA, nNOS mRNA, iNOS, and
mRNA, as well as on the concentration of nitrotyrosine and markers of oxidative

modification of the protein in the brain of females with VCD — hypoestrogenemia.

Table 10.2 — The concentration of nitrotyrosine in the brain of female rats with
VCD-hypoestrogenemia and against the background of pharmacological correction
on the 29th day after treatment (M + m)

Experimental erou Nitrotyrosine, cytosol Nitrotyrosine,
p group pg/ml mitochondrial pg/ml

Intact control (I1C) 6.000+0.572 2.43+0.23
Control pathology (CP) 20.9+0.638 9.59+0.44
CP + gel with R 16.8+0.72* 8.60 £0.36*

N .
CP gel with R and tablets 10.420.70%12 5.06 +0.29 *12
with R
CP + “Colpotrophine” 18.7+041* 9.19+0.39
cream

Note: * — p <0.05 in relation the control pathology (CP)

'~ p <0.05 in relation to the group CP + “Colpotrophine” cream
2— p <0.05 in relation to the group CP + gel with Resveratrol

The course administration of vaginal gel with resveratrol to females with
VCD-hypoestrogenemia led to a significant increase (by 133 %) in the expression
of eNOS mRNA and nNOS mRNA (by 29.3 %). At the same time, the introduction
of resveratrol did not significantly affect the expression of iNOS mRNA. Also, the
introduction of resveratrol gel led to a significant decrease level of nitrotyrosine by
10.3 % in mitochondria and by 19.6 % in the cytosol of the brain of females with
hypoestrogenemia.

The course combined use of the gel and tablets of resveratrol led to a
significant increase in the expression of eNOS mRNA by 23 times and nNOS mRNA
by 2.1 times, as well as to a decrease in iINOS mRNA expression by 55.7 %. In the
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CA1 hippocampus of females with hypoestrogenemia. The combined administration
of resveratrol gel and tablets to females with VCD hypoestrogenemia significantly
reduced the level of nitrotyrosine by 37.8 % in mitochondria and by 50.2 % in the
cytosol of the brain of females with hypoestrogenemia (Table 10.3). In terms of the
degree of influence on the studied parameters, the combined administration of
resveratrol gel and tablets significantly exceeded monotherapy with resveratrol gel
and colpotrophine gel. Modulation of the expression of various NOS isoforms,
aimed at their normalization and inhibition of nitrosating stress, under the influence
of resveratrol at various routes of its administration in various dosage forms can be
explained by the following fact. Due to its chemical structure, resveratrol can
regulate the activity of two nuclear factor-kB transcription factors (p65 / RelA and

p50) [403].

Table 10.3 — Indicators of the non-enzymatic link of the thiol-disulfide system
in the brain of female rats with VCD-hypoestrogenemia and against the background

of pharmacological correction on the 29th day after treatment (M + m)

SH-groups, | SS-groups, | Glutathione | Glutathione
Experimental group | um/g protein pum/g restored, oxidized,
protein pg/protein ug/protein
Intact control (IC) 20.9+£1.59 | 2.99+0.33 | 4.57£0.49 | 0.24+0.032
Control pathology 8.9+0.82 5.58+0.56 | 1.57+0.18 0.73+0.08
(CP)
CP + gel with R 11.1+£1.66* | 5.02+0.59 | 2.01+0.18* | 0.59+0.05*
CP + gel with R and x12 3.56+0.28 %12 %12
tablets with R 18.1+£2.9 %12 3.3+0.22 0.37+0.03
CP + “Colpotrophine” | 9.95+1.13 | 4.98+0.81 1.72+0.26 0.67+0.08
cream

Note:

* —p <0.05 in relation the control pathology (CP)

'~ p <0.05 in relation to the group CP + “Colpotrophine” cream
2— p <0.05 in relation to the group CP + gel with Resveratrol

Resveratrol can also work as a direct antioxidant — due to the phenol group, it

binds reactive oxygen species, and thereby inhibits the ROS-dependent activation

mechanisms of IL-1b and iNOS.
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Also, the antioxidant effect of resveratrol can be explained by the fact that an
increased concentration of estradiol under its action leads to E2-dependent activation
of the expression of mitochondrial Mn-SOD [472].

Increased expression of Mn-SOD significantly reduces the fluxes of
neurotoxic superoxide produced by mitochondria [471] and thereby inhibits ROS-
dependent activation mechanisms of IL-1b and iNOS [472].

Modeling of VCD hypoestrogenemia led to significant disturbances in the
thiol-disulfide system of the brain of female rats, especially its glutathione link — a
decrease in the pool of its reduced forms and a decrease in the activity of GPR and
GR cytosolic fraction compared with intact animals. Glutathione is a crucial
component of neuron protection, increases its resistance to hypoxia, limits NMDA
hyperexcitability, acts as a reserve of cysteine in the cell, and regulates synthesis and
stability of HSP70, involved in NO- and IL-1b-dependent mechanisms of apoptosis
[469].

Table 10.4 — Parameters of the enzymatic link of the thiol-disulfide system in
the brain of female rats with VCD-hypoestrogenemia and against the background of

pharmacological correction on the 29th day after treatment (M + m)

Experimental grou GR, GPR,
P sroup um/g protein/min um/g protein/min

Intact control (IC) 29.3+£3.7 61.4+4.0
Control pathology (CP) 8.31+0.64 39.5+£3.7

CP + gel with R 12.242.7* 41.2+4.4

CP + gel with R and tablets 27 841.9%12 510466 *!
with R

CP + «Colpotrophine» cream 9.48+1.4 39.1£3.1

Note: * — p <0.05 in relation the control pathology (CP)

'~ p <0.05 in relation to the group CP + “Colpotrophine” cream
2— p <0.05 in relation to the group CP + gel with Resveratrol
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In experiments in vitro (Table 10.4), conducted under the guidance of
professor I.F. Belenichev, were determined that deprivation of the GSH level in
neurons leads to a drop level of HSP70 as well under conditions of brain ischemia,
as well as under the influence of toxic concentrations of steroids, nitrosamines,
neurotransmitters, a correlation was found between the severity of neurological
disorders and GSH deficiency and HSP70 in the brain of animals [473]. It has been
shown that an increase in the concentration of the oxidized form of glutathione leads
to increased production of pro-inflammatory cytokines TNF-a, IL-1p, IL-6, and
IL-8, which, in its turn, can increase the deficiency of reduced glutathione due to
disruption of its transport into the cell and enhance the mechanisms of
neurodestruction [468].

Increased concentration of oxidized intermediates of the thiol-disulfide
system suppresses the expression of eNOS [470] and increases the production of
ROS due to the release of arachidonic acid from platelets, inhibits GPR and GR, and
also stimulates many pathways of intracellular signaling, including neuroapoptosis
[474]. Course treatment with vaginal cream Colpotrophine did not have an expressed
effect on the performance of the thiol-disulfide system. Course treatment with
vaginal gel with resveratrol led to a significant increase in reduced thiol groups by
24.7 % against the background of an increase in the reduced form of glutathione by
27.3 % and a decrease in its oxidized form by 19.1 % in the cytosol of the brain of
premenopausal females.

In groups of animals with experimental hypoestrogenemia during treatment
with a gel with resveratrol, a significant increase in GR activity by 46.8 % in the
cytosolic fraction of the brain was observed compared with untreated animals. The
administration of the gel with resveratrol did not affect the activity of GPR [473].
The course combined use of the gel with resveratrol and resveratrol tablets led to a
significant increase in GR activity by 174 % and GP by 29.6 % against the
background of an increase in the level of reduced glutathione by 110.2% and a
decrease in its oxidized form by 49.3 %, as well as an increase in the content of

reduced thiols by 103.4 % and a decrease in oxidized SS-groups by 36.2 % in the
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cytosol of the brain of female rats with VCD-hypoestrogenemia compared with the
group of untreated animals [471].

Increasing the functionality of the glutathione system, as well as increasing
the activity of GSH enzymes, not only leads to increased protection of the brain from
neurotoxic products of oxidative and nitrosative stress (reduction of nitrotyrosine in
mitochondria and cytosol) but can also cause GSH-dependent mechanisms of
endogenous neuroprotection due to increased expression of HSP70 [404].

Increasing the functionality of the thiol-disulfide system in VCD
hypoestrogenemia and increasing its recovery of intermediates, under the influence
of vaginal and intraventricular resveratrol, can contribute to an increase in the
bioavailability of NO due to the formation of nitrosotiols and an increase in the
expression of mRNA eNOS, as well as a decrease in the conversion of NO into
cytotoxic peroxynitolol. In previous studies, we have shown the possible effects of
resveratrol on  HSP70-dependent  mechanisms of the endogenous
neuroprotector [413].

It is possible that resveratrol, modulating the expression of the subtotal
transcription factor NFkappa-B, can increase the concentration of HSP70 and GSH
in the brain and inhibit neuroapoptosis through the Fas/Apo-1 trigger
mechanism [475].

Resveratrol, due to its biochemical properties and features of its chemical
structure, can suppress ROS/ IL-1b-dependent mechanisms of iNOS expression, as
well as the accumulation of nitrotyrosine and markers of oxidative protein
modification, thereby reducing the change in the thiol-disulfide system of the brain
towards its proapoptotic oxidative forms [475].

We have established for the first time that the modeling of hypoestrogenemia
in female rats by 15 day administration of VCD leads to disruption in the conjugated
systems of the brain — thiol-disulfide and nitroxidergic

Evaluation of the neuroprotective and antioxidant effects of a course of
28-day administration of vaginal gel Colpotrophine, vaginal gel with resveratrol, as

well as a combination of gel and resveratrol tablets in female rats with
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hypoestrogenemia revealed the presence of the above effects only when resveratrol
was administered in dosage forms. The most expressed effect was observed with the
combined use of tablets and gel with Resveratrol.

In the mechanism of the neuroprotective and antioxidant action of resveratrol
1s its ability to normalize the nitroxidergic system — to reduce the expression of INOS
mRNA and increase the expression of eNOS mRNA, inhibiting nitrosating stress,
and also to increase the activity of the glutathione unit of the thiol-disulfide system
(the level of reduced glutathione and GR activity) in the brain

The obtained results confirm the expediency of elaboration of a new vaginal
gel with a combined composition of resveratrol and hyaluronic acid as an alternative
to hormone-containing drugs for the prevention and treatment of pathological

hypoestrogenic conditions that rise against the background of estrogen deficiency.
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GENERAL CONCLUSIONS

For many years, medicinal plants known as phytodrugs have been used in
nontraditional medicine practices worldwide. Nowadays, there is a growing interest
in natural medicinal ingredients, making these plants even more popular. These
plants contain a rich source of bioactive natural compounds that have gained
worldwide attention. One of the medical issues without a proven treatment is
premenstrual syndrome. Calendula drugs have anti-inflammatory, bactericidal,
hypotensive, sedative, and cardiotonic effects, making them useful in gynecology as
vaginal douche, infusion, and tincture. They are also used in oral cavity and throat
diseases. Common toadflax seeds, roots, and leaves are used in practical medicine
for gastroenterological, urological, and gynecological conditions. The crushed seeds
are also used in cases of alopecia and pediculosis. Yellow bedstraw has diuretic,
anti-inflammatory, analgesic, hemostatic, depurative, wound-healing, and sedative
effects. Garden parsley has roots and leaves used in medical practice, with its
medicinal agents used for treating urology, gastroenterology, gynecology, alopecia,
and pediculosis.

Meadowsweet can positively affect gastrointestinal diseases by reducing
spasms and promoting healing. It also has astringent properties and can be used for
hemostatic, diaphoretic, and diuretic activities. Celery's roots, herbs, and seeds can
enhance physical and intellectual work capacity and increase overall body tone. Its
medicinal properties include antiflatulent, diuretic, laxative, and antiallergic effects.
A Chaste tree's leaves, flowers, fruits, and branches are used for medicinal purposes.
Its flavonoids have pharmacological benefits, including antioxidant, anti-
inflammatory, and antihypoglycemic effects. Vitex agnus-castus mainly consists of
fruits, leaves, and bark, and its extract has progesterone-like effects. Its drugs can be
used for menstrual irregularities and mastopathy.

Plants have multiple therapeutic effects, including sustainable compositions
like Tazalok oral drops and other drugs. Medicinal agents can improve hormone

replacement therapy, while diseases of the hepatobiliary system are widespread
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worldwide. A combination of ursodeoxycholic acid, artichoke leaf extract, and
taurine has gained popularity in the preliminary stages, and Chinese authors have
since added Angelica sinensis extract to the mix. Ursodeoxycholic acid is present in
small amounts in human bile and exhibits cytoprotective action on hepatocytes and
cholangiocytes. Its high molecule molarity allows it to form nontoxic mixed micelles
with apolar toxic bile acids, reducing gastric reflux damage to cells. Additionally,
taurine binds with bile acids in the liver to emulsify fats and has hepatoprotective,
cardiotonic, and hypotensive properties. It also affects chronic heart failure and type
2 diabetes mellitus.

The third ingredient in this drug is an extract from the leaves of the Cynara
scolymus plant, commonly known as an artichoke. It has several beneficial effects
on the body, such as promoting bile secretion, increasing urine production,
protecting the liver, and reducing lipid levels. The fourth active ingredient is an
extract from Angelica sinensis, a plant used for medicinal and culinary purposes for
centuries. It has pain-relieving properties, promotes bowel movement, and helps
regulate menstrual cycles.

The monograph contains data about plant-based medicines used to treat viral
and respiratory infections. Unfortunately, current treatments for viral infections are
mainly focused on relieving symptoms. However, various authors have conducted
studies on the pathogenesis of influenza and acute respiratory viral diseases.
Homeopathic treatments have been expanded due to the development of complex
remedies created in labs. These remedies usually combine homeopathic remedies
with biogenic and mineral components to treat colds and the flu. Aconitum napellus
and Atropa belladonna are commonly used in various complex homeopathic
remedies to treat upper respiratory tract infections at different dilution levels. There
has also been a study on the effects of homeopathic drugs of aconite on leucocyte
cells. Other homeopathic remedies of the group A include Aconitum napellus, Apis
mellifica, Belladonna, Capsicum, Chamomilla and others. For the treatment of
tonsillitis, it is recommended to use homeopathic remedies such as Ignatia amara,

Lycopodium clavatum, Natrium muriaticum, etc. Some homeopathic drugs, such as
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Bryonia and Apis mellifica, have anti-inflammatory and analgesic effects. The
current state of antiviral herbal drugs was also discussed.

One of the chapters of the monograph focuses on a complex herbal medicine
agent with sedative and cardioprotective properties. The phytodrug Carvelis
contains a component that influences psycho-emotional function and may normalize
vegetative-vascular dystonia. Motherwort has activating effects on the GABA,
making it an effective mild anti-anxiety and hypnotic agent. Valeriana, on the other
hand, has a sedative effect and can restore emotional balance, reduce headaches and
feelings of anxiety. Melissa is a psycho-emotional stabilizer and a cognitive
activator. The complex of phytodrugs may help treat functional disorders, chronic
fatigue syndrome among youth, age-related cardiovascular changes, and decreased
exercise tolerance in elderly patients. The authors also emphasized the use of plant
extracts in the form of rectal suppositories for more rapid action. They recommended
the use of Pravenor in suppositories to decrease its toxicity. Finally, the monograph
discusses the drug resveratrol found in grapes. This medicinal agent has many
protective effects on all systems and organs. It was found that, during menopause,
there were changes not only in the urogenital system but also in the activity of the
cardiovascular and nervous systems. The administration of a gel with resveratrol
tablets normalized hypoestrogenemia in female rats and had a favorable impact on
the nervous and cardiovascular systems. In conclusion, the monograph emphasizes
the popularity of phytodrugs in developed countries due to their effectiveness and

lower toxicity than traditional drugs.
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HaYKOBe BHOJAaHHA

T'aakin OaekcaHap
T'opuakoBa Hamia
3aHuyeHkKo ['anHa
TC'oaeMmbOioBchbka OAreHA
Bouaapenko Aapuca
Amurpenko OrekcaHapa
Apxunosa MapuHa

IInTaHHA eeKTHBHOCTI Ta 0e3MMEeKH Cy4YaCHHX
OaraToKOMNOHEeHTHHX (iTonpenaparis

Monorpadisa

(AHTAIFICBKOIO MOBOIO)

Y wmoHorpadii y3araabHEHO MOOCAIMXKEHHS IIoA0 Oe3NeKu Ta
e(peKTUBHOCTI 06araTOKOMIIOHEHTHHX POCAMHHUX AlKapChbKUX 3acobiB y
AIKyBaHHI TiIHEKOAOTIYHUX, TernaTofiAilapHUX Ta CEepPlEeBO-CyAHHHUX 3aXBO-
pIOBaHb, a TAKOXX POCAMHHHX MIPOTHBIPYyCHUX 3acobiB Tormro. OxomnaeHO
J0Ka30By iToTeparmiro, ¢apmakorepamniro, mpodisi Oe3NeKH POCAMHHUX
KoMOiHaIi# Ta po3poOKy AiKapChKHX 3acobiB Ha iX OCHOBI.

[Ia moHorpadisa € BaXKAUBUM PECYPCOM OAS AOCAITHUKIB i MEIUIHUX
MIPAIiBHUKIB, 9Ki I[IKABAATHCS IIepeBaraMi POCAHMHHHUX AIKAPCHKUX 3aCO0iB.

B asmopcbKiii pedakyii
HaopyrkosaHo 3 opuzinan-maxkema 3aMO8HUKA

HamioHaabHMN TeXHIYHUHN YHIBEpCUTET YKpaiHu
«KuiBchkuii noaiTexHigHui iHCTHUTYT iMeHi Iropsa CikopchKoro»
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