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SUMMARY

The relevance of the development of topical gel with homeopathic calendula tinc-
ture and dexpantenol for use in the treatment of burns is theoretically and experimentally
substantiated in the master 's thesis. Based on the results of experimental studies, in par-
ticular organoleptic, physical, chemical, biopharmaceutical, the optimal composition of
the new drug is substantiated. Quality parameters of model samples were determined ac-
cording to methods of SPhU. The work is presented on 47 pages, includes 10 tables, 7
figures, 90 sources of literature.

Key words: gel, composition, technology, burn wounds, homeopathy, tincture.

AHHOTAIIA

VY marictepchkiii poOOTI TEOPETUYHO Ta €KCIIEPUMEHTATBHO OOTPYHTOBAHO aKTYy-
QIBHICTh PO3POOKHU TENI0 JJI MICIIEBOTO 3aCTOCYBaHHS 3 TOMEONMATUYHOIO HACTOMKOIO
KUICHAYJIU Ta JEKCIAHTEHOJIOM JJIsi 3aCTOCYBaHHs TMpU JIIKyBaHHI OMIKiB. 3a
pe3ysbTaTaMu €KCIIePUMEHTAIbHUX JIOCTIIKEHb, 30KpeMa OpraHOJENTUYHUX, (i3UKO-
XIMIYHUX, O10(hapMalleBTUUHUX, OOIPYHTOBAHO ONTHUMAJIbHUI CKJIaJ HOBOTO IMpenapary.
[Toxa3HUKH SIKOCTI MOJEIBHUX 3pa3KiB BU3Hauanu 3a metogukamu JIDY. Pobora mpen-
cTaBlicHa Ha 47 cTopiHkax, MicTuTh 10 Tabmui, 7 mamtoHkiB, 90 mKepen miTepaTypH.

Kntouoei cnosa: renb, ckiaa, TEXHOJOTIS, OMIKOBI paHU, TOMEOMNaTisl, HACTOSHKA.
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INTRODUCTION

Actuality of topic.

Burns are a global public health problem, accounting for an estimated 180 000
deaths annually. The majority of these occur in low- and middle-income countries and
almost two thirds occur in the WHO African and South-East Asia regions.

In many high-income countries, burn death rates have been decreasing, and the rate
of child deaths from burns is currently over 7 times higher in low- and middle-income
countries than in high-income countries.

Non-fatal burns are a leading cause of morbidity, including prolonged hospitaliza-
tion, disfigurement and disability, often with resulting stigma and rejection.

Burns are among the leading causes of disability-adjusted life-years (DALYS) lost
in low- and middle-income countries.

In 2014, nearly 11 million people worldwide were burned severely enough to re-
quire medical attention.

In India, over 1 000 000 people are moderately or severely burnt every year.

Nearly 173 000 Bangladeshi children are moderately or severely burnt every year.
In Bangladesh, Colombia, Egypt and Pakistan, 17% of children with burns have a tempo-
rary disability and 18% have a permanent disability.

Burns are the second most common injury in rural Nepal, accounting for 5% of dis-
abilities.

In 2018, over 410 000 burn injuries occurred in the United States of America, with
approximately 40 000 requiring hospitalization.

For 2020, direct costs for care of children with burns in the United States of Ameri-
ca exceeded US$ 211 million. In Norway, costs for hospital burn management in 2017
exceeded €10.5 million.

In South Africa an estimated US$ 26 million is spent annually for care of burns

from kerosene (paraffin) cookstove incidents. Indirect costs such as lost wages, prolonged
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care for deformities and emotional trauma, and commitment of family resources, also
contribute to the socioeconomic impact.

The treatment of burns requires careful attention to the wound surface, timely
treatment and the use of highly effective drugs of combined action with pronounced anti-
inflammatory, antimicrobial and healing properties.

Among them, a special place is occupied by an active pharmaceutical ingredient of
natural origin - calendula tincture. Also considered an effective remedy is dexpanthenol,
known for its anti-inflammatory and antipruritic properties, as well as the ability to accel-
erate granulation and re-epithelialization, which contributes to rapid healing properties,
and due to its physical and chemical properties it can be used in soft dosage forms on hy-
drophilic bases.

Research purpose and objectives

Theoretically and experimentally substantiate the composition and technology of
extemporaneous gel with calendula tincture and dexpanthenol for use in the treatment of
burn wounds.

To achieve this goal it is necessary to solve the following tasks:

- to analyze the literature data on the prospects of using calendula tincture and dex-

panthenol in the treatment of burns;

- to analyze the pharmaceutical market of Ukraine for the availability of medicines

for the treatment of burn wounds;

- theoretically and experimentally substantiate the composition of the gel with anti-

inflammatory, antimicrobial action;

- to carry out physicochemical, biopharmaceutical and microbiological studies of

gel sections;

— to develop a technology for the manufacture of the gel in pharmacy.

Scientific novelty

The composition and technology of extemporaneous gel with calendula tincture and



dexpantenol for use in local therapy of burns have been developed.

Theoretical and practical significance of the work

The theoretical and practical significance of the master's work lies in the fact that
the choice of the gel base and excipients were experimentally substantiated and the com-
position and technology of the extemporaneous drug in the form of topical gel were pro-
posed in the treatment of burns.

The structure and size of the qualifying work.

The qualifying work consists of an introduction, a literature review (Chapter 1), an
experimental part (Chapters 2 and 3), general conclusions, a list of references. The work

IS presented on 47 pages, includes 10 tables, 7 figures, 90 references.



CHAPTER I
RATIONALE FOR THE USE OF CALENDULA MEDICINES AND
DEXPANTHENOL IN THE THERAPY OF BURN WOUNDS

1.1. Burns: characteristics, classification and modern approaches to

pharmacotherapy

Burn - damage to the skin or mucous membranes, often with tissues, due to expo-
sure to high temperature (thermal burn), chemically active substances (chemical burn) or
physico-chemical factors such as electric current and radiation (electric and radiation
burns).

Most burns affect only the skin. In the case of severe burns, deeper tissues such as
bones, muscles, and blood vessels may also be injured. A burn wound of the skin leads to
the loss of the protective function as a barrier to microorganisms, which leads to a high
risk of infection [35, 53].

Thus, patients with burn wounds face more morbidity due to infection of large open
burns; wound healing occurs over a long period, which leads to deformities and contrac-
tures. Problems such as infection, electrolyte imbalance, shock, and respiratory injury
may occur [40].

Burn treatment includes removal of dead tissue, wound dressing, fluid replacement,
administration of antibiotics, and, in some cases, skin grafting [42, 78].

A wound is a violation of the integrity of anatomical tissues caused by the influence
of any factor [15]. Wounds are divided into two groups:

Closed wounds: this group includes contusion, hematoma and abrasion. Contusion
involves damage to soft tissues, deep tissue layers, and small blood vessels, resulting in
their separation, but the anatomy of the skin remains intact. Edema is observed in the

wound, and in the later stages, atrophy and a pigmentation defect, healing is slowed
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down. A rupture of a vessel due to damage is called a hematoma, and wounds such as
scratches are called abrasions.

Open wounds: This group includes lacerations, cutting wounds, gunshot wounds,
surgical wounds and metabolic wounds. Wounds, with the exception of lacerations, se-
verely damage tissue under the skin. In lacerated wounds, the skin and subcutaneous tis-
sue are destroyed, but the deep tissues remain healthy. The integrity of tissue anatomy is
violated when cutting with a prickly instrument without tissue damage along the edges of
the wound [22, 80, 85].

In medicine, burns can be divided into 4 groups depending on the depth and affect-
ed layers of the skin (fig. 1.1.).

1. First-degree burns (usually caused by brief contact with heat or flames or pro-
longed exposure to intense sunlight). The burn is accompanied by redness and swelling.
There is a local increase in body temperature, moderate pain, which may increase with
movement

2. Second-degree burns (deeper than first-degree burns and necrosis extends to the
dermis). Damage covers the entire epidermis and part of the dermis. The burn is accom-
panied by the appearance of blisters. There is inflammation around the wound. Over time,
the shell of the bubbles disappears, and in its place a new epithelium is formed.

3. Third degree burns. The skin is deeply damaged. Sometimes even subcutaneous
tissue suffers. The burn is accompanied by tissue necrosis, so the wound may be black
and even black. The victim is in severe pain, tissue recovery is slow. Sometimes a skin
graft is needed.

4. Fourth degree burns. The skin is charred, muscles and even bones suffer. Charac-
terized by unbearable pain. The wound is covered with a dark gray eschar due to tissue
necrosis [79].

Burns can be caused by various substances and external sources such as contact

with electricity, chemicals, friction, radiation and heat [53, 78].
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Chemicals

Most chemicals that cause chemical burns are strong acids or alkalis. Chemical
compounds such as sodium hydroxide and sulfuric acid cause chemical burns. Depending
on the time of contact, the potency of the substance, and other factors, chemical burns can

be first, second, or third degree burns.

S

| degree — Il degree — .I In-1v dggrees -
redness of the skin  blistering of the skin charring of skin and tissues

Fig. 1.1. Types of burns.

Electrical

Electrical burns are caused by electric shock. A common occurrence of electrical
burns includes injuries in the workplace. Lightning is also a rare cause of electrical burns.

Radiation

Radiation burns are caused by long-term exposure to ultraviolet light, radiation
therapy, sunlamps, radioactive fallout, and X-rays. The most common radiation-related
burn is from the sun, especially the two wavelengths UVA and UVB, the latter being
more dangerous.

Scalding:

Scalding burns are caused by hot liquids (water or oil), gases (steam), high temper-
ature tap water in the bath or shower. A fluid-filled blister forms on the skin as a result of
the body's reaction to heat and the subsequent inflammatory response. The top of the blis-

ter is dead and the fluid contains toxic inflammatory substances [78, 79].
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Usually burns are first or second degree, but due to prolonged contact, this may be
a third-degree burn.

Burns are the fourth most common injury worldwide. Approximately 11 million
people worldwide seek medical attention for burns each year.

According to the American Burn Association (ABA), most burns are small: 67%
are burns with less than 10% of the total body area [40]. The average burn size is decreas-
ing, especially in high-income countries, but despite these statistics, large burns still oc-
cur.

The prevalence of burns has a bimodal distribution according to age groups, with
children (especially young children) accounting for 24 % of burns and 55 % for people
aged 20 to 59 years.

Flame contact is the most common cause in people over 5 years of age. Steam
burns are more common in children under 5 years of age. More burns (75%) occur at
home, while 13% occur at work. Approximately 95 % of burns are accidental, and about
2 % of burns are related to the abuse of security measures.

Burn injuries require a long period of treatment due to the complexity of the multi-
dimensional clinical course. Patients require precise treatment, from initial trauma and
immediate life support, to clinical stabilization processes including intensive care, con-
servative management and surgical wound reconstruction, followed by long-term reha-
bilitation. Treatment should take place under appropriate conditions, depending on the se-
verity of the burn injury. In addition, infrastructural conditions and staff qualifications are
vital for the treatment of burns [45].

Sepsis is a major risk after any large burn, as the skin, as the main barrier to micro-
bial invasion, becomes degraded. Sepsis can develop at any time after resuscitation, and
the risk persists throughout the entire period because the wound remains open.

Unfortunately, antibiotics are not effective in preventing infection. And their use

leads to more resistant microorganisms.
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Bandages, ointments, creams, gels, etc. are more often used as local dosage forms
for the treatment of burns.

Because trauma disrupts the protective barrier function of the skin, dressings are
essential to protect the body from environmental flora. The burn dressing also protects
against evaporative heat loss.

An ideal burn dressing should be inexpensive, comfortable, and not require fre-
quent changes. Changing the bandage daily allows the burn caregiver not only to apply
clean bandages, but also to clean the wounds. The selection of an appropriate dressing for
a given wound is determined by the physician for specific purposes.

In superficial wounds, the goal is always to create a moist environment that en-
hances the epithelialization process. This is achieved by applying an ointment or lotion.
For wounds of partial or full thickness, it is necessary to include agents that protect
against microbial colonization.

Topical antimicrobials are used to prevent and treat burn infections compared to
other traumatic, surgical, and medical conditions that may be susceptible to infection.
Most agents are intended to be used prophylactically to prevent the development of infec-
tion, while others are intended to kill the actual microbial cells that proliferate in the burn

site when an infection develops [43].
1.2. Calendula, its chemical composition and use in allopathy and homeopathy

Calendula officinalis (Calendula), belonging to the family of Asteraceae, common-
ly known as English Marigold or Pot Marigold is an aromatic herb which is used in tradi-
tional system of medicine for treating wounds, ulcers, herpes, scars, skin damage, frost-
bite and blood purification. It is mainly used because of its various biological activities to
treat diseases like analgesic, anti—diabetic, anti-ulcer and anti-inflammatory. It is also
used for in gastro-intestinal, gynecological, eye disease, skin injuries and in some cases of

burn.
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Calendula officinalis (fig. 1.2) is a short-lived aromatic herbaceous perennial,

growing to 80cm (31in) tall, with sparsely branched lax or erect stems. The leaves are ob-

Bt . long-lance. The disc florets are tubular and hermaphrodite, and
| i generally of a more intense orange olate, 5-17cm (2-7in) long,
hairy on both sides, and with margins entire or occasionally
waved or weakly toothed. The inflorescences are yellow, com-
prising a thick capitulum or flower head 4—7cm diameter sur-
rounded by two rows of hairy bracts; in the wild plant they
have a single ring of ray florets surrounding the central disc
florets-yellow colour than the female, tridentate, peripheral ray

florets. The flowers may appear all year long where conditions

Fig. 1.2. Calendula officinalis

are suitable. The fruit is a thorny curved achene.

Organoleptic properties

The odour of Calendula officinalis is faint and aromatic. The taste of Calendula of-
ficinalis is bitter.

Cultivation

The plant is native to Central and Southern Europe, Western Asia and the US.

Calendula officinalis is widely cultivated and can be grown easily in sunny loca-
tions in most kinds of soils. Although perennial, it is commonly treated as an annual, par-
ticularly in colder regions where its winter survival is poor and in hot summer locations
where it also does not survive. Calendulas are considered by many gardening experts as
among the easiest and most versatile flowers to grow in a garden, especially because they
tolerate most soils. In temperate climates, seeds are sown in spring for blooms that last
throughout the summer and well into the fall. In areas of limited winter freezing, seeds are
sown in autumn for winter color. Plants will wither in subtropical summer. Seeds will
germinate freely in sunny or half-sunny locations, but plants do best if planted in sunny

locations with rich, well-drained soil. Pot marigolds typically bloom quickly from seed
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(in under two months) in bright yellows, golds, and oranges.

Uses of calendula

Sedative drugs: In early animal studies, high doses of ingested calendula prepara-
tions were reported to act as sedatives. Therefore, combination use with sedative agents
may lead to additive effects. In rats, calendula was shown to increase hex barbital sleep-
ing time. A systemic effect after topical use of calendula in human is not clear.

Antihypertensive drugs: In early animal studies, high doses of calendula prepara-
tions were reported to possess hypertensive effects. Therefore, combination use with hy-
pertensive agents may lead to additive effects.

Hypoglycemic drugs: Calendula may increase the activity of hypoglycemic medi-
cations or insulin.

Cholesterol-lowering drugs: Calendula may have an additive effect with agents that
decrease lipids and triglycerides.

A number of phytochemical studies have well reported about the presence of sever-
al classes of chemical compounds, the main ones being terpenoids, flavonoids, couma-
rines, quinines, volatile oil, carotenoids and amino acids in the plant.

Terpenoids: Various terpenoids have been reported from the petroleum ether ex-
tract of C. officinalis flowers. They include sitosterols, stigmasterols, diesters of diols, 3-
monoesters of taraxasterol, lupeol, erythrodiol, brein, ursadiol, faradiol-3-O-palmitate,
faradiol-3-Omyristate,  faradiol-3-O-laurate,  arnidiol-3-O-palmitate, arnidiol-3-O-
myristate, arnidiol-3-O-laurate, calenduladiol-3-Opalmitate, calenduladiol-3-O-myristate,
oleanolic acid saponins: calenduloside AH, oleanane triterpene glycoside: calendula gly-
coside A, calendulaglycosideA6-O-n-methylester, calendulaglycosideA6°-O-n-butylester,
calendula glycoside B, calendulaglycosideB6-O-n-butylester, calendula glycoside C, ca-
lendula glycoside C 6-O-n-methyl ester, calendula glycoside C 6- O-n-butyl ester, calen-
duloside F6-O-n-butyl ester, calenduloside G6-O-n-methyl ester, glucoside of oleanolic

acid (mainly found in roots of grown and senescing plants) I, Il, 111, VI, VII, and glucu-
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ronides (mainly found in flowers and green parts) F, D, D2, C, B and A. One new
triterpenic ester of oleanane series has been isolated from flowers was cornulacic acid ac-
etate from flowers.

Flavonoids: Various flavonoids have been isolated from the ethanol extract of the
inflorescence of C. officinalis. They include quercetin, isorhamnetin, isoquercetin, iso-
rhamnetin-3-O-D-glycoside, narcissin, calendoflaside, calendoflavoside, calendoflavobio-
side, rutin, isoquercetin neohesperidoside, isorhamnetin-3-Oneohesperidoside, isorham-
netin-3-0-2G- rhamnosyl rutinoside, isorhamnetin-3-Orutinoside, quercetin-3-O-
glucoside and quercetin-3-O-rutinoside.

Coumarins: The ethanol extract of the inflorescence of the C. officinalis reported to
contain coumarins-scopoletin, umbelliferone and esculetin.

Quinones: Quinones reported from C. officinalis were plastoquinone, phylloqui-
none, and tocopherol in the chloroplast, ubiquinone, phylloquinone, tocopherol in mito-
chondria, and phylloquinone in the leaves.

Volatile oil: C. officinalis flowers contain maximum volatile oil at full flowering
stage (0.97 %) and minimum during the pre-flowering stage (0.13%). The composition
also showed different patterns at different phases of vegetative cycles.

Various monoterpenes and sesquiterpenes have been reported in the volatile oil : a-
thujene, o-pienene, sabinene, [-pienene, limonene, 1,8-cineol, p-cymene, trans-p-
ocimene, Y-terpenene, o0-3-carene, nonanal, terpene-4-ol, 3-cylohexene-1-ol, a-
phellandrene, a-terpeneol, geraniol, carvacrol, bornyl acetate, sabinyl acetate, o-
cubebene, a-copaene, a-bourbonene, cubebene, o-gurjunene, aromadendrene, J3-
aryophyllene, a-ylangene, a-humulene, epibicyclosequiphellandrene, germacrene D, allo
aromadendrene, B-saliene, calarene, muurolene, d-cadinene, cadina 1,4-diene, a-cadinene,
nerolidol, palustron, endobourbonene, oplopenone, a-cadinol, Tmuurolol. The essential
oil was found to be rich in a-cadinene, a-cadinol, t-muurolol, limonene, and 1,8-cineol

with p-cymene at lower levels at the post-flowering periods.
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Carotenoids: The methanol extract of leaves, petals and pollens of C. officinalis
flowers showed a number of carotenoids. The carotenoids found in the pollens and petals
were neoxanthin, 9Z-neoxanthin, violaxanthin, luteoxanthin, auroxanthin, 9Z-
violaxanthin, flavoxanthin, mutatoxanthin, a-cryptoxanthin, [-cryptoxanthin, z-
cryptoxanthin, lycopene, a-carotene, and 3-carotene.

Total carotenoid (mg/g dry weight) was 7.71% for petals and 1.61% for pollens.
Carotenoid compositions of the leaves and stems were reported as neoxanthin, violaxan-
thin, luteoxanthin, antheraxanthin, mutatoxanthin epimer 1, mutatoxanthin epimer 2, lute-
in, a-cryptoxanthin, B-cryptoxanthin, B-carotene.

Total carotenoids (mg/g dry weight) for the leaves is 0.85% and for stems 0.18%.
Glycosides of quercetin and isorhamnetin were the predominant components of the flavo-
noids, while beta-carotene and lutein were the most abundant carotenoids. Analysis of ca-
rotenoid composition in petals of Calendula officinalis was made. Nineteen carotenoids
were identified in extracts of petals of orange and yellow flowered cultivars of calendula.

Amino acids: The ethanol extract of the flowers of the plant is reported to show the
presence of 15 amino acids in free form: Alanine, arginine, aspartic acid, asparagines, va-
line, histidine, glutamic acid, leucine, lysine, proline, serine, tyrosine, threonine, methio-
nine and phenylalanine. Amino acid content of the leaves is about 5%, stems 3.5% and
flowers 4.5%.

Carbohydrates: The ethanol extract of the inflorescence of plant showed the pres-
ence of polysaccharides, PS-1,-11, and 11l having a (1_3)-D-galactam backbone with short
side chains at C-6 comprising -araban(1_3)-araban and alpha-L-rhamnan-(1_3)- araban
along with monosaccharide’s.

Lipids: The lipids in the petroleum ether extract of the seeds, leaves and flowers of
C. officinalis have been analyzed. The amount of neutral lipids in the seeds was 15.7%,
phospholipids 0.6% and glycolipids 0.9%. Fatty acids of monols, sterol esters, 3-

monoesters, 3-monoester diols reported in flowers were lauric, myristic, palmitic, stearic,
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oleic, linoleic and linolenic acid. The fatty acids of marigold seeds contain about 59% of
an conjugated trienic acid and about 5% of 9-hydroxy- acid-dimorphecolic acid, one oxy-
genated fatty acid also reported from the seed oil of C. officinalis was D-(+)-9-hydroxy,
octadecadienoic acid.
Other constituents: Other phytochemicals include the bitter constituent, loliolide
(calendin), calendulin and paraffins.
Calendula preparations are widely used in both allopathy and homeopathic prac-
tice (table 1.1) [34, 76, 81, 83].
Table 1.1

The use of calendula in medicine

In allopathy In homeopathy

Calendula flowers are used. Preparations | Herb collected during flowering or
from calendula flowers have anti- | flower baskets are used.

inflammatory, choleretic, reparative and | « Eyes - inflammation of the eyes after
antiseptic effects. surgery.

» cuts, purulent wounds, furunculosis, | ¢ Ears - deafness.

burns, proctitis, paraproctitis, for gargling | * Tonsillitis.

with inflammatory diseases of the upper | « Teeth - bleeding after extraction.

respiratory tract, sore throat, etc. * Stomatitis.

» with gingivitis, periodontitis, bleeding | « Uterus - erosion of the cervix.

gums, conjunctivitis. * Childbirth - the consequences of tissue
» for the treatment of cervical erosion. rupture.

* gastritis, peptic ulcer of the stomach |+ Muscles - ruptures of muscles,
and duodenum, colitis, enterocolitis. ligaments.

« Ulcers - obsolete ulcers, incl. varicose.

* Burns - | and 1l degree.

* Frostbite - | and Il degree.

« Suppuration - prevents suppuration and
accelerates scarring of the wound.

* Wounds - wounds and abrasions with
ulcers.

* Fever - traumatic fever.

« Cancer - as an adjuvant in case of
surgical cancer of the skin, breast, uterus
and rectum.
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In homeopathy, herbs collected during flowering are used [19, 50-52, 54-57]. In
dermatology it is used to prevent suppuration of wounds as a substitute for iodine tincture,
in dentistry - as a hemostatic agent; for tonsillitis, sore throat and stomatitis - for rinsing;
in gynecology - in endometritis [49, 62, 66, 69].

The main dosage forms of calendula used in homeopathy:

* Homeopathic granules D3, C3, C6 and above.
* Drops, tincture D2, D3, C3 and above.
* Calendula ointment 10%.

* Suppositories with calendula [10-12, 89].

1.3. Prospects and prevalence of dexpanthenol in the treatment of burn wounds

Many medical and cosmetic interventions, such as ablative laser treatment, derm-
abrasion, microneedling, or tattooing, result in superficial/minor wounds; this affects the
integrity of the epidermis and requires postprocedural wound care to assure a proper heal-
ing process of the damaged skin [17, 23].

Topical compounds that support all three phases of wound healing (inflammation,
proliferation, and remodeling) are considered particularly useful for the treatment of mi-
nor and superficial wounds [2].

Recently, it has been suggested that dexpanthenol exhibits activity across all three
wound healing phases [38].

Dexpanthenol is well absorbed when applied topically to the skin and rapidly con-
verted to pantothenic acid [1, 45, 46].

The latter is a coenzyme A constituent and essential for the physiological function
of epithelia [13, 30].
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Dexpanthenol supports skin regeneration by enhancing epidermal differentiation
and facilitates wound healing [18, 29, 32]; it also showed activity in the prevention of bio-
film formation and has anti-inflammatory effects [6].

Furthermore, dexpanthenol acts as a moisturizer and skin barrier enhancer. In dry
skin conditions, it compensates for reduced hydration by increasing water content and by
beneficially influencing the molecular mobility of the stratum corneum lipid lamellae and
proteins [4, 36, 37]

These features triggered the development of various topical dexpanthenol-
containing galenical formulations which are widely used in the dermatological field. Top-
ical dexpanthenol has also been recommended for the treatment of minor and superficial
wounds, especially in the form of ointments or gels.

They form a semi-occlusive breathable film that protects the wound from external
influences (e.g., pathogens or contaminants), keeps the injured area hydrated but avoids
moisture congestion, and supports a successful skin barrier restoration [24].

For the care of epidermal wounds, an air interface and appropriate partial pressure
of oxygen are considered important for achieving rapid re-epithelialization. It has been
suggested that semi-occlusion of epidermal injuries results in a superior epidermal re-
sponse and an earlier achievement of skin barrier function compared to an occlusive
wound management [47].

Historically, a 5 % dexpanthenol-containing ointment has been used in the postpro-
cedure wound care despite the fact that supporting studies in this setting were lacking for
many years. Recently, clinical data were generated which provide scientific evidence for
the use of a 5% dexpanthenol ointment in the wound aftercare of freshly tattooed skin
[26]. For the wound care following ablative laser treatments of the skin, petroleum jelly is
currently recommended by the manufacturers of ablative laser systems until encrustation
of the affected skin area decreases. However, petroleum jelly is a wax-like, difficult-to-

handle material, particularly when larger skin areas have to be covered. In addition, petro-
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leum jelly has rather strong occlusive effects following topical application. In fact, it is
used as positive reference product when the occlusion properties of new topical develop-
ments are studied. Results from a recent head-to-head comparative trial provided evi-
dence that a 5% dexpanthenol-containing ointment is superior to petroleum jelly in the
wound care after fractional ablative laser treatment as reflected by a faster wound closure
and higher re-epithelialization rate as well as better cosmetic outcomes.

Today, different topical dexpanthenol formulations exist (cream, emollient, drops,
gel, lotion, oil, ointment, solution, spray), developed to meet individual requirements
[20]. There is cumulative evidence, that out of this product range, the ointment is a suita-
ble option for postprocedure wound care.

Today, the pharmaceutical market of Ukraine consists of 24 drugs containing
dexpanthenol, among which soft dosage forms (ointment, cream) and foams (Fig.
1.3.) [15, 20].

Capsules

\‘| | Soft DF

Drops

Foams

Fig. 1.3. Distribution of dexpanthenol drugs by dosage forms.

The distribution of drugs by country of origin is shown in fig. 1.4. As can be
seen from the figure, drugs of domestic production (Ukrainian) are 58.3%, and for-

eign production - 41.7%.
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It should be noted that there is duplication of dosage forms by different manu-
facturers with the same content of dexpanthenol, in particular in creams and oint-

ments, the concentration of dexpanthenol is 5%.

Foreign manufactur

Ukrainian
manufacturers

Fig. 1.4. Distribution of dexpanthenol drugs by producer countries.

Therefore, given the high pharmacological activity and effectiveness of dexpan-
thenol and the limited range of drugs based on it, we consider it appropriate to develop a
combined drug, in particular, a gel with a tincture of calendula and dexpanthenol for the

treatment of burn wounds.
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CONCLUSIONS

Information about burns, their types; the classification and basic pharmacotherapeutic
approaches to their treatment with the help of local medicines are generalized and
considered on the basis of literature data.

A literature search about characteristics and chemical composition of calendula drugs
was carried out, and information on its use in allopathy and homeopathy was summa-
rized.

The prospects and prevalence of dexpanthenol in the treatment of burn wounds are
considered, the pharmaceutical market of dexpanthenol drugs is studied.

Prospects for the introduction of calendula tincture and dexpanthenol, which promote
healing (scarring) of wounds, into the composition of the gel for the treatment of burn

wounds as active pharmaceutical ingredients has been substantiated.
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EXPERIMENTAL PART
CHAPTER I
OBJECTS AND METHODS OF RESEARCH

In the course of research on the creation of a gel with calendula tincture and dex-
panthenol, substances and excipients that meet the requirements of the SPhU and NTD
were used.

2.1. Objects of researches

Objects of research were active pharmaceutical ingredients - calendula tincture and
dexpanthenol, which met the requirements of the State Pharmacopoeia of Ukraine, as well
as model gel samples with different substances that form gels and the content of excipi-
ents..

2.1.1. Characteristics of active substances

Marigold flowers (SPhU, 1, ed, suppl 2, p. 511) are dried inflorescences of a bas-
ket up to 5 cm in diameter. Grayish-green wrapper, one-, two-line; leaflets linear, pointed,
densely pubescent. Receptacle slightly convex, glabrous. Marginal flowers reed, pistillate,
12-23 mm long, 3-5 mm wide, with a curved short pubescent tube, twice the length of the
involucre, and four to five veins. The flowers are arranged in two or three lines in non-
double forms and in 10-15 lines in double forms. Median flowers are tubular with a five-
toothed corolla. The color of marginal flowers is reddish-orange, orange, bright or pale
yellow; median - orange, tan or yellow.

Calendula tincture (PhS 42U-11-661-00) is a yellow-brown liquid with a specific
odor and bitter taste. Store in tightly closed dark glass bottles in a dry, cool and well-
ventilated place.

Dexpanthenol (CAS No. 81-13-0; 205.25 g/mol) is a clear, viscous liquid with al-

most no odor. Density 1.20. The boiling point is 118-

OH
120 °C. Refractive index (589 nm): 1.495-1.502. High-

HsC | WH H

HOW
CH, O OH
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ly soluble in water, freely soluble in alcohol, soluble in glycerol, slightly soluble in ether,

insoluble in vegetable oil, mineral oil and fats.
2.1.2. Characteristics of excipients

Propylene glycol (CAS 57-55-6) is a colorless thick liquid with a slight character-
OH istic odor, miscible with water and alcohol, and has hygro-
)\/ scopic properties. Boiling point -187.4°C, freezing point -
ch OH 60°C. One of the important properties of propylene glycol is
its ability to dissolve both hydrophilic and hydrophobic sub-
stances, which makes it possible to mix with it substances that do not mix by themselves.
Glycerin (SPhU 1.2, p. 409) is a viscous, oily to the touch, colorless or almost col-
orless, transparent liquid; very hygroscopic; miscible with water and 96% ethyl alcohol,
slightly soluble in acetone, practically insoluble in fatty and essential oils.
Purified water (SPhU 1.1, p. 308-309) is a colorless, transparent liquid, odorless
and tasteless, pH 5.0-7.0.
Carbopol 980 NF (CAS No. 9007-20-9) is a rare cross- -
linked acrylic polymer derived from acrylic acid. White fluffy

powder with a slight acetic smell. The polymer is a high per-

formance thickener and is ideal for creating clear aqueous and on

hydroalcoholic gels. The polymer has a short fluid rheology.
Store in tightly closed containers in a cool, well-ventilated place. Temperature: 12.5°C.
Molecular weight: 72.02 g/mol.

Carbopol 934 P (CAS No. 9003-01-4) is a rare cross-linked acrylic polymer de-
rived from acrylic acid. It mixes well with water and oils. Gels formed by Carbopol are
used in pharmacy and cosmetology as bases for soft dosage forms. At a concentration of

carbopol 934P in an aqueous solution of 0.56-1.5%, a highly viscous gel is formed at pH
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values of 6.0-7.0. The initial pH level is 3.0 -3.3, however, with an increase in this indica-
tor, the mass turns. into a gel structure [49].

Sodium alginate (CAS No. 9005-38-3) is a polysaccharide. Natural hydrophilic
colloid derived from brown algae. The main ability of alginates is the formation of homo-
geneous solutions with different properties, the formation of gels resistant to heating and
cooling. Fine powder of white, pale yellow-brown color, pH (1% solution) 6.50-7.00.
Slowly soluble in water to form a viscous solution, practically insoluble in alcohol and
ether.

Sodium carboxymethylcellulose (EPh 5.0, p. 1189) is a white or almost white

granular powder, hygroscopic. After drying, it is practi-

CO,Na* . . -
M~y cally insoluble in acetone, ethanol and toluene. It mixes
H,C” H OH
"0 © (AN easily with water to form a colloidal solution.
OH H
(o] H H o o
OH HaC,,
H;(}’o
| CO,Na*™ _In

Triethanolamine (CAS No. 102-71-6) is an organic amine containing at least

0 i i i -
HO\/\ N /\/OH 99%. White or almost white crystalline powder or color

less crystals. Easily soluble in water, sparingly soluble
H in ethanol, very slightly soluble in ethyl acetate. The
OH aqueous solution has a pH of 10.0 to 11.5.

Ethyl alcohol 96 % (SPhU 1.1, pp. 339-343) is a colorless, transparent, volatile,
combustible liquid, hygroscopic. Miscible with water. Ignites a blue smokeless flame.
Boils at about 78°C. Relative density from 0.805 to 0.812.

2.2. Methods of researches
In the process of creating and studing an nigel with calendula tincture and dexpan-

thenol for external use on various ointment bases, a complex of physical, chemical, struc-
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tural-mechanical, technological and biopharmaceutical research methods based on the
qualitative and quantitative indicators of APl and excipients were used.

Study of organoleptic indicators (SPhU 2.0).

The appearance and organoleptic characteristics of the samples (color, odor, con-
sistency, etc.) were monitored.

Determination of homogeneity (SPhU 1.1, p. 511). Conducted determination of
the homogeneity of the model samples of the studied gel according to a known method.

Determination of osmotic activity.

Osmotic activity characterizes the ability of the gel to clean wound surfaces,
providing a restorative effect. To determine the osmotic activity, 0.25 g of the gel was
placed on the cellophane membrane of the tube and weighed in an analytical balance with
an accuracy of 0.0001 g.

50 ml of purified water was placed in a beaker and the tube was installed in such a
way that the membrane was immersed to a depth of 2-3 mm. The system was weighed at
certain intervals. Mass measurements were recorded and osmotic activity was calculated
using the formula:

X =Am; X 100 % /m

where: X is an osmotic activity, %;

m is the mass of the gel taken for analysis, g;
m; is the amount of absorbed liquid, g.

Determination of colloidal stability.

For the test, a laboratory centrifuge with a set of test tubes, a mercury thermometer
with a range of measured temperatures from 0 to 100 °C and a division value of 1 °C, as
well as a stopwatch and a water bath were used. The tubes were filled to 2/3 of the vol-
ume (approximately 9.0 g) with the studied samples (so that the masses of the tubes with
the drug did not differ by more than 0.02 g) and weighed to the nearest 0.01 g. Then the
tubes were placed in a water bath at a temperature of 42.5 £ 2.5 ° C for 20 minutes, after
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which they wiped dry from outside, placed in the centrifuge nest. Centrifuged for 5 min at
6000 rpm. A sample was considered stable if no demixing was observed in the tubes after
centrifugation. If at least one of the test tubes was determined to separate the sample or
precipitate, the analysis was repeated with new portions of the gel base. If at least one
tube with separation was detected during the repeated test, the sample was considered un-
stable.

Determination of thermal stability.

For determination, 5-6 glass test tubes with a diameter of 15 mm and a height of
150 mm were taken. The tubes were filled with 8-10 ml of the test samples and placed in
a thermostat at a temperature of 40-42°C for 1 week, then in a refrigerator at a tempera-
ture of 10-12°C for 1 week, after which they were kept for 3 days at room temperature.
Stability was determined visually by the absence of delamination.

The average weight of the myx was determined according to SPhU weighing 30.0
g to the nearest 0.01. Deviations in mass should not exceed + 5 %.

Determination of pH (SPhU 1.2, paragraph 2.2.3, p. 46).

The pH value was adjusted using the extraction method: 1.0 g of gel was placed in
a conical flask with a capacity of 150 ml, added 100 ml of water, stirred for 10 min with a
glass rod. The resulting solution was filtered through a blue tape filter, and the first por-
tions of the filtrate were discarded. The pH of the aqueous extract was determined accord-
ing to the method described in the SPhU, paragraph 2.2.3 "Potentiometric determination
of pH".

Identification of BAS

To detect tannins used the following qualitative reactions:

Reaction with gelatin:

To 1 ml of tincture add dropwise 1% gelatin solution. A turbid solution is formed,
which disappears with the addition of excess gelatin.

Reaction with alkaloids:
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To 1 ml of tincture add a few drops of 1% quinine hydrochloride solution. An
amorphous precipitate is formed.

Reaction with lead acetate:

To 1 ml of tincture add 2 ml of 10% acetic acid and 1 ml of 10% medium salt of
lead acetate. A precipitate is formed.

Reaction with bromine water:

To 1 ml of tincture add drops of bromine water to a noticeable odor of bromine.
Precipitation precipitates (in the presence of condensed tannins).

Reaction with sodium nitrite in the presence of hydrochloric acid:

To 1 ml of tincture add a few crystals of sodium nitrite and 2 drops of 0.1 M hydro-
chloric acid. In the presence of tannins, a brown color appears [82].

To detect saponins used the following qualitative reactions:

Foaming reaction:

Take two test tubes: one is filled with 5 ml of 0.1 M hydrochloric acid solution, the
other with 5 ml of 0.1 M sodium hydroxide solution. Then in two test tubes add 3 drops
of calendula tincture and shake vigorously. Foam appears, equal in volume and stability.

Reaction with lead acetate:

To 1 ml of tincture add 3-4 drops of lead acetate solution. A precipitate is formed.

Reaction with cholesterol:

To 1 ml of tincture add 3-4 drops of 1% alcohol solution of cholesterol. A precipi-
tate is formed.

Reaction with acetic anhydride and sulfuric acid:

To 1 ml of tincture add a mixture of acetic anhydride and sulfuric acid P (50:1).
After some time, the color is formed from pink to green and blue.

Reaction with sodium nitrite in an acidic environment:

To 1 ml of tincture add 1 ml of 10 % sodium nitrite solution and 1 drop of hydro-

chloric acid. A blood-red color appears.
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Reaction with sulfuric acid and iron (111) sulfate solution:

To 1 ml of tincture add 1 ml of sulfuric acid P, 1 ml of ethyl alcohol and 1 drop of
iron (I11) sulfate solution. When heated, a blue-green color is formed.

To detect flavonoids use the following qualitative reactions:

Cyanidin test:

To 1 ml of tincture add 2-3 drops of hydrochloric acid P and 0.1 g of magnesium
powder. A red color is formed.

Reaction with a solution of aluminum chloride:

To 1 ml of tincture add 1 ml of 2% solution of aluminum chloride in 95% ethyl al-
cohol. When viewing the solution in ultraviolet light at a wavelength of 366 nm, yellow-
blue fluorescence is observed.

Reaction with alkali solutions:

To 1 ml of tincture add 1-2 drops of 10% alcohol solution of sodium. A yellow-
orange color appears.

Reaction with lead acetate:

To 1 ml of tincture add 3-4 drops of lead acetate solution. An orange precipitate is
formed.

Reaction with ammonium hydroxide:

Up to 1 ml of tincture 0.5 ml of 10% ammonium hydroxide solution. A yellow col-
or appears.

Reaction from iron (111) chloride:

To 1 ml of tincture add 2-3 drops of 1% alcohol solution of iron (l11) chloride. A
dark green or brown color is formed.

Wilson's reaction:

To 2 ml of tincture add 1 ml of 2% boric acid solution and 1 ml of 2% alcoholic cit-
ric acid solution. A bright yellow color appears [82].

The ethyl alcohol content is at least 65 %.
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Place 25 ml of the drug in a round bottom flask with a capacity of 200-250 ml, add
50 ml of water purified. For uniform boiling, capillaries or pieces of calcined porcelain
are placed in the flask with liquid. The flask is tightly closed and connected to a refrigera-
tor. The receiver (a volumetric flask with a capacity of 50 ml) is placed in a vessel with
cold water, about 48 ml of distillate is collected, brought to a temperature of 20 °C, and
brought purified water to the mark. The distillate should be clear or slightly cloudy.

The density of the tincture was determined with a pycnometer; found the alcohol
content as a percentage by volume.

Alcohol content in the medicine (X, %) by volume:

X =50xA/B

Where: 50 is the distillation volume, ml;

A is the alcohol content, % (by volume);
B is the volume of the test preparation taken for distillation, ml.

Ash definition.

About 1.0 g (accurately weighed) of homeopathic calendula tincture was placed in
a pre-calcined and weighed crucible. The crucible was then gently heated so that the sub-
stance evaporated at a lower temperature. After the coal residue burned completely, the
fire was increased. The calcination was carried out at a weak red glow (about 5000 C) to a
constant mass, avoiding the fusion of the ash and its sintering with the walls of the cruci-
ble. After the calcination was completed, the crucible was cooled in a desiccator and
weighed.

Quantitative determination of tannins was carried out by the titrimetric method:

25 ml of the tincture were placed in a 1 L conical flask, 750 ml of purified water
and 25 ml of indigo sulfonic acid solution were added, and titrated with constant stirring
with 0.1 M potassium permanganate solution until golden yellow.

In parallel, a control experiment was carried out.
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1 ml of 0.1 M solution of potassium permanganate corresponds to 0.004157 g of
tannins in terms of tannin.
The content of tannins (X) in percent in terms of absolutely dry matter is calculated
by the formula:
X = (V = V1)x0.004157x250%x100%100/mx25%(100-W),

Where: V is the volume of potassium permanganate solution (0.1 M) used for titra-
tion of extracts, ml;
V1 is the volume of potassium permanganate solution (0.1 M) used for titra-
tion in the control experiment, ml;
0.004157 is the amount of tannins, which corresponds to 1 ml of a solution
of potassium permanganate (0.1 M) (in terms of tannin), g;
m is the mass of raw materials, g;
W is a weight loss during drying of raw materials,%;
250 is the total volume of extract, ml,
25 is the volume of extract for titration, ml.
Quantitative determination of flavonoids was carried out by spectrophotometric
method.
1 ml of the drug was placed in a volumetric flask with a capacity of 25 ml, 10 ml of
70 % alcohol, 2 ml of 5 % alcohol solution of aluminum chloride, stirred, after 10 min 2
ml of 5% acetate acid solution was added, the volume of the solution was made up to the
mark with 70 % alcohol and stirred.
After 1 hour, the optical density of the solution was measured on a spectrophotome-
ter at a wavelength of 408 nm in a cuvette with a layer thickness of 10 mm.
As a reference solution, a solution of the following composition was used:
1 ml of the drug was placed in a 25-ml volumetric flask, 1 ml of 70 % alcohol was

added, stirred, after 10 min 2 ml of 5 % acetate acid solution was added, the volume of
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the solution was made up to the mark with 70 % alcohol, and mixed. The content of the
sum of flavonoids (%, in terms of rutin) in the preparation was calculated by the formula:

X =Ax25/220%1,

where A is the optical density of the test solution;

220 - specific absorption index of rutin from aluminum chloride in 70% alcohol at a
wavelength of 408 nm.

25 is a amount of solution, mi

The content of the flavonoids sum in terms of rutin must be at least 0.06 %.

Preparation of 5 % acetic acid solution:

Acetic acid (5 ml) was placed in volumetric flask 100 ml, the volume of the solu-
tion was made up to the mark with 70 % alcohol, and mixed. The shelf life of the solution

Is 7 days.
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CONCLUSIONS

1. Calendula tincture, dexpanthenol, as well as model gel samples on different ba-
ses were used as the object of study.
2. When developing a gel with calendula tincture and dexpanthenol, we used or-

ganoleptic, physicochemical and biopharmaceutical research methods.
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CHAPTER III.
DEVELOPMENT OF THE COMPOSITION AND TECHNOLOGY OF GEL
WITH CALENDULA TINCTURE AND DEXPANTENOL FOR
THE TREATMENT OF BURN WOUNDS

3.1. Development of technology of homeopathic matrix tincture of calendula

Matrix tincture of calendula was prepared according to method 4a SPhU using 70%
ethyl alcohol. Preparation was carried out by maceration method in a ratio of 1:10 [58, 59,
89].

Dried flowers were pre-ground into a coarse powder. 10 g of crushed calendula
flowers, which meets the requirements of NTD, weighed into a mortar and poured half
the amount of prepared 70 % alcohol (50.0), mixed thoroughly. The resulting mass was
transferred to a glass vial, the remaining alcohol was added and left to settle for 8 days
with frequent stirring (for the most complete impregnation of raw materials with alcohol)
in a dark and cool place at 16 °C. After 8 days, the liquid was drained, and the mass was
pressed out with a press strainer. The resulting liquid was left to settle for 8 days, after
which the liquid was filtered. The block scheme of the preparation of homeopathic calen-
dula tincture is presented in fig. 3.1.

Calendula tincture is a yellowish-green liquid, a peculiar odor, with a bitter taste,
without mechanical inclusions. The content of medicinal substances in calendula tincture
is 1:10. This tincture corresponds to the first decimal dilution and is the source for further
dilutions and other dosage forms preparation.

The results of organoleptic, physical and chemical study of the obtained tincture of
calendula X1 are presented in table 3.1.
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Ethyl alcohol 70 %

Weighing 10 parts of 70% ethyl
alcohol

/

Mixing ingredients, maceration for 8 days at room
temperature

v

Pressing the mixture and settling for 8 days

!}

Filtration

'

Obtaining tincture of calendula X1 with the content of
active substances 1:10

|

Quiality control of tincture

Fig. 3.1. Block scheme of making a matrix tincture of calendula X1

Table 3.1

Organoleptic, physical and chemical quality indicators

of homeopathic calendula tincture

Ne Indicators Result

1. | Appearance Yellow-green liquid
2. | Taste, smell Odorless, bitter taste
3. | Density, kg/m? 0.8679 £ 0.0054
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4. | Alcohol content, % 68.50 + 0.05
5. | Dry residue, % 2.8+0.3

6. | Quantitative content of tannins, % 3.563+0.08
7. | Quantitative content of flavonoids, % 0.41 +0.05

In order to determine the main groups of biologically active substances in the com-
position of the obtained calendula tincture, their identification was carried out using well-

known color reactions. The results are presented in table 3.2.

Table 3.2
Results of identification reactions for tannins, saponins and flavonoids
Ne Reactant Observations
1. | 1 % gelatin solution The appearance of turbidity, which

disappears when an excess of

reagent is added

2. | Solution of lead acetate Formation of a yellow precipitate
3. | 1 % quinine chloride solution The appearance of an amorphous
precipitate
4. | Foaming reaction Foam is formed, equal in volume
and stability
5. | Cyanidin test Pink coloring
6. | 10 % ammonium hydroxide solution Pale yellow coloring

Based on the results of qualitative reactions in the obtained calendula tincture X1

by maceration method, tannins, saponins and flavonoids were identified.
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The proposed reactions are highly sensitive and can be recommended for standardi-
zation of matrix calendula tincture X1.

Capillary analysis of the obtained calendula tincture X1 was carried out by the Plan
method according to the guidelines of Dr. W. Schwabe [89].

Filter paper was cut into strips 2 cm wide and 25 cm long in the direction perpen-
dicular to the paper texture and hung in a cylindrical glass vessel 5 cm high and 3 cm in
diameter so that the ends of the paper strips touched the bottom of the vessel.

5 ml of calendula tincture X1 was placed in the vessel. They put it in a moderately
warm room for 24 hours, took out the strips, dried them and examined them in daylight.
Capillary analysis gave the following results: rise height - 10.2 cm at 56 % relative hu-
midity and 20°C. The data are presented in table 3.3.

Table 3.3.
Results of capillary analysis of calendula tincture X1
Zone Color in visible light
Upper 5.5 cm 4 cm - water zone, pale brown;

0.3 cm - transparent, greenish-brown area;
0.2 cm - opaque dark green stripe;

1 cm - green area, opaque

Lower 2.5 cm 1 cm - yellowish-green zone;
1 cm - green area, opaque;

0.5 cm - the yellowish area

Base 2.2 cm colorless

Luminescence: blue with greenish and light red stripes.
As can be seen from the results of capillary analysis, the tincture meets the re-
quirements of management and can be used for the preparation of other dosage forms, in-

cluding gel for the treatment of burn wounds.
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3.2. Development of gel composition with calendula tincture

In order to substantiate the composition of the gel for the treatment of burns, which
includes two APIs - calendula tincture and dexpanthenol, we have produced 6 model
samples of bases on different agents in the concentration range from 0.5 to 5 % (table
3.4).

The calculated amount of gel agents was weighed and distributed on the surface of
purified water in a thin layer for swelling and dissolution, the required amount of neutral-
izer was added to obtain a homogeneous gel mass [48, 49].

The bases of CMC sodium and sodium alginate were prepared according to general

rules.
Table 3.4
Compositions of samples of gel bases
Components Sample number
1 2 3 4 5 6

Carbopol 980 NF 0.5 - - - - 1.0
Carbopol 934P - 0.5 - - 1,0 -
Sodium alginate - - 2.0 - - -
Sodium
carboxymethylcellulose - - - >0 -
Triethanolamine 0.5 0,5 - - 1,0 1.0
Purified water up to up to up to up to up to up to

100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

The obtained gel bases were checked in terms of organoleptic control within 1
month, in particular, homogeneity of the gel, color, signs of delamination, as well as the

growth of bacteria and mold fungi has been observed (table 3.5).



Quality indicators of the obtained gel samples during storage

39

Table 3.5

Sample Observation results
1 Homogeneous, transparent colorless gel
2 Homogeneous, transparent colorless gel
3 Drying during storage
4 Destruction of the gel structure. Growth of microorganisms
5 Homogeneous, transparent colorless gel
6 Homogeneous, transparent colorless gel

According to the results of experimental studies of base samples, samples contain-

ing gelling agents 980 NF and 934 P were selected for further research. Samples 1, 2, 5, 6

had satisfactory properties that did not change throughout the entire observation period.

On the basis of the conducted studies, we proposed gel compositions with selected gelling

agents and APIs, the concentration of which was selected according to the literature data

(table 3.6).
Table 3.6
Compositions of model gel samples
Components, g Sample number
1 2 3 4 5 6
Calendula tincture X1 5.0 5.0 5.0 5.0 5.0 5.0
Dexpanthenol 4.0 4.0 4.0 4.0 4.0 4.0
Carbopol 980 NF 0.5 1.0 - - - 1.0
Carbopol 934P - - 0.5 1.0 1.0 -
Propylene glycol - 5.0 - 5.0 - -
Triethanolamine 0.5 1.0 0.5 1.0 1.0 1.0
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Purified water up to up to up to up to up to up to
100.0 100.0 | 100.0 | 100.0 | 100.0 100.0

The obtained samples were prepared by adding calendula tincture to the gel base by
mixing (samples 1, 3, 5, 6) and after dissolving dexpanthenol in propylene glycol (sam-
ples 2 and 4).

Propylene glycol is known to be an effective moisturizing and moisture-retaining
component, so it is very often added to the composition of medicines. The main feature is
its ability to maintain the required level of moisture, extracting moisture from the envi-
ronment, including from the wound, preventing drying [63].

The prepared gel samples were tested for colloidal and thermal stability immediate-
ly after preparation and after 1, 14 and 30 days of storage. The results are presented in ta-
ble 3.7.

Table 3.7
Stability results of model gel samples
Stability Shelf life, Sample number

days 1 2 3 4 5 6
Colloidal 1 + -+ + + + +
14 - + - + + +
30 - + - + + +
Thermal 1 + + - + + +
stability 14 - + - + + n
30 - + - + - -

According to the results of the study of the stability of model samples, satisfactory
performance was observed for samples 2 and 4, where propylene glycol was introduced
into the composition. The stability indicators of samples 5 and 6 had satisfactory charac-
teristics, but on the 30th day they showed signs of stratification of the system. Thus, we

chose samples 2, 4, 5, and 6 for further research.
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It is known from the literature that one of the important indicators of the quality of
gels intended for application to mucous membranes is osmotic activity and pH. The opti-
mal pH range is 5.5-6.0. Therefore, we have determined these indicators for selected gel

formulations (table 3.8).

Table 3.8
Physical and chemical parameters of model gel samples
Indicator Results for samples
2 4 5 6
Appearance Transparent yellowish gel with a specific odor

Homogeneity Homogeneous | Homogeneous |Homogeneous|Homogeneous
pH 5.80 + 0.05 5.85+0.05 |6.10+0.05 6.05 + 0.05
Osmotic activity,% | 62.4+0.5 68.5+0.5 448 +0.5 48.1+0.5

Based on the indicators of osmotic activity and pH, for further studies, samples 2

and 4 were selected. The compositions are presented in table 3.9.

Table 3.9
Compositions of model samples of gel with calendula tincture
Components, g Sample number
1 2
Calendula tincture X1 5.0 5.0
Dexpanthenol 4.0 4.0
Carbopol 934P 1.0 -
Carbopol 980 NF - 1.0
Propylene glycol 5.0 5.0
Triethanolamine 1.0 1.0
Purified water up to 100.0 up to 100.0
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Therefore, our further research will be aimed at choosing the optimal composition

of the developed gel.

3.3. Biopharmaceutical studies of gel with calendula tincture and dexpanthenol

The next stage of our research was to study the bioavailability of the developed
samples of gels based on carbopol of different brands, which was tested by the degree of
release of flavonoids in agar gel (diffusion method).

Iron (111) chloride was used as an indicator for the identification of flavonoids con-
tained in the tincture [24]. The degree of release of phenolic compounds from the gels
was assessed by the size of the colored zone (yellow color) formed around the well,

which was measured using a ruler. The results are presented in fig. 3.2.
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Fig. 3.2. Dynamics of phenolic compounds release from gel samples:
Sample Ne 1 - carbopol 934 P; Sample Ne 2 - carbopol 980 NF.
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As can be seen from the data presented in fig., in general, we can note the positive
dynamics of the release of phenolic compounds from gels based on selected brands of
carbopol. The maximum release was observed from gels based on carbopol 934 P, a
slightly lower degree of release from the gel based on the brand of carbopol 980 NF.

Thus, the results of the research made it possible to substantiate the composition of
the gel with calendula tincture for use in the treatment of burn wounds.

The composition of the extemporaneous gel (g):

Calendula tincture X1 - 5.0

Dexpanthenol - 4.0

Carbopol 934P - 1.0

Propylene glycol - 5.0

Triethanolamine - 1.0

Purified water - up to 100.0

3.4. Development of the technology of topical gel with calendula tincture and

dexpanthenol in pharmacy condition

On the basis of the conducted studies, the composition of the gel is theoretically
and experimentally substantiated. It is known that the therapeutic efficacy, quality and
stability of the drug is directly dependent on the technology of its manufacture as one of
the most important biopharmaceutical factors.

The main stages of gel preparation include: preparation of the gel base, preparation
of the API mixture in propylene glycol, its introduction into the gel composition, homog-
enization, packaging and labeling. The scheme of gel preparation in the conditions of
pharmacy production is given on fig. 3.3.

The gel production technology consists of the following stages:
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Preparatory works. The first stage of the technological process of any medicinal
product, regardless of its dosage form, is the sanitary preparation of the premises, equip-
ment and personnel. The premises where homeopathic medicines are manufactured must
be subjected to wet cleaning using detergents and disinfectants registered and approved
for use by the Ministry of Health of Ukraine. All surfaces of workplaces, equipment, ap-
paratus used in drug technology must be washed and treated with disinfectants.

Preparation of the gel base

The calculated amount of purified water is measured into a beaker, and a weighed
amount of carbopol 934P is distributed on its surface in a thin layer, left to swell and dis-
solve. The calculated amount of triethanolamine is added to the resulting cloudy solution
with stirring until a transparent gel mass is formed.

Preparation of the APl mixture in propylene glycol

Propylene glycol is weighed, in which dexpanthenol and calendula tincture X1 are
dissolved. Mix thoroughly by a mixer.

Preparation of gel

A mixture of propylene glycol solution of APIs is added to the gel base. Thorough-
ly mixed with a pharmacy mixer RT-2 until a homogeneous gel mass is formed.

Gel quality control

Gel quality control is carried out by appearance, uniformity, absence of mechanical
inclusions, pH value, identification of the main groups of biologically active substances.

Packing, packaging and labeling of the gel

The gel is packaged in dark glass jars or suitable containers of the appropriate
weight. They are issued with an “External” label, on which the name of the medicinal
product, weight and date of manufacture are indicated. Also comes with an additional la-
bel “Keep in a cool place”, “Keep out of reach of children”.

Thus, a complex of physical, chemical and biopharmaceutical studies contributed to

the selection of the optimal composition and the development of gel technology recom-



mended for the treatment of burn wounds.

Calculations of APIs
and excipients

\ 4

Preparatory work

Sanitary training of
personnel, <
equipment, premises

Preparation of

A

the gel base i
J Preparation of
|
7 gelt
Preparation of APl mix-

ture in propylene glycol

v

Introduction the
solution of API into

gel base h
Mixing of components,
homogenization '
A 4
: Physical
Quiality control of e control

gel

[ .
Control during the L_\ Chemical
dispensing ] control

Packaging and

Preparation of sealing labeling of
materials ¢ ointment

Preparation of labels |

Fig. 3.3. Technological scheme for the production of gel in a pharmacy condition
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CONCLUSIONS

. Technology for obtaining homeopathic tincture of calendula X1 using the macer-

ation method has been developed

. Methods for qualitative and quantitative analysis of the active ingredients of ca-
lendula tincture, in particular: flavonoids, tannins, saponins, have been devel-
oped. The main physico-chemical parameters of the obtained calendula tincture

were studied.

. Theoretically and experimentally substantiated the composition of the gel with
calendula tincture and dexpantnol, which provides the highest degree of release
of phenolic compounds from the gel based on the results of diffusion into the
agar gel. Carbopol 934P was chosen as a gelling agent, which meets the quality

requirements of gels.

. On the basis of experimental studies, a technology has been developed for the
manufacture of a gel with calendula tincture and dexpanthenol in a pharmacy

condition
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GENERAL CONCLUSIONS

. Based on the results of the analysis of literature sources, the prospects of creating a
combined drug based on calendula tincture and dexpanthenol in the form of topical
gel in the treatment of burn wounds are substantiated.

. The information on the properties of calendula medicines, their advantages and the
main groups of BAS is generalized.

. The most commonly used substances as the gel agent, namely: carbopol, sodium
alginate, sodium carboxymethylcellulose were selected. According to the results of
research, carbopol 934P was selected.

. Based on the study of organoleptic, physicochemical and biopharmaceutical prop-
erties of gel samples, the rational composition of the gel with API - calendula tinc-
ture and dexpanthenol is substantiated.

. Developed drug in the form of topical gel with anti-inflammatory, healing, antimi-
crobial action may be recommended to expand the range of extemporaneous drugs

for the treatment of burn wounds.



48
REFERENCES

Abiko, Y.; Tomikawa, M.; Shimizu, M. Enzymatic conversion of pantothenylal-
cohol to pantothenic acid. J. Vitaminol. (Kyoto) 1969, 15, 59-69.

Baron, J.M.; Glatz, M.; Proksch, E. Optimal support of wound healing: New in-
sights. Dermatology 2020, 1-8.

Biro K., Thaci I. D., Ochsendorf F. R. et al. Efficacy of dexpanthenol in skin
protection against irritation: a double-blind, placebo-controlled study. Contact
Dermatitis. 2013; 49: 80-84.

Bjorklund, S.; Pham, Q.D.; Jensen, L.B.; Knudsen, N.@.; Nielsen, L.D.;
Ekelund, K.; Ruzgas, T.; Engblom, J.; Sparr, E. The effects of polar excipients
transcutol and dexpanthenol on molecular mobility, permeability, and electrical
impedance of the skin barrier. J. Colloid Interface Sci. 2016, 479, 207-220.

Camargo F. B. Jr., Gaspar L. R., Maia Campos P.M. Skin moisturizing effects of
panthenol-based formulations. J Cosmet Sci. 2011; 62: 361-370.45

Camargo, F.B., Jr.; Gaspar, L.R.; Maia Campos, P.M. Skin moisturizing effects
of panthenol-based formulations. J. Cosmet. Sci. 2011, 62, 361-370.

Dinda M., Mazumdar S., Das S., Ganguly D., Dasgupta U.B., Dutta A., Jana K.,
Karmakar P. The Water Fraction of Calendula officinalis Hydroethanol Extract
Stimulates In Vitro and In Vivo Proliferation of Dermal Fibroblasts in Wound
Healing. Phytother. Res. 2016; 30:1696-1707.

Ebner F., Heller A., Rippke F., Tausch I. Topical use of dexpanthenol in skin
disorders. Am J Clin Dermatol. 2012; 3: 427-433.

Efstratiou E., Hussain A.l., Nigam P.S., Moore J.E., Ayub M.A., Rao J.R. Anti-
microbial activity of Calendula officinalis petal extracts against fungi, as wellas
Gram-negative and Gram-positive clinical pathogens. Complement. Ther. Clin.
Pract. 2012; 18:173-176.



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

49

Ernst E. A systematic review of systematic reviews of homeopathy / E. Ernst//
Blackwell science LTD. — 2012.-Ne54.-P. 577-582.

European Pharmacopoeia. — 7-th ed. — Strasbourg: European Directorate for the
Quality of Medicines & Healthe Care, 2011. — Suppl. 7.2. — 3774 p.

Extreme homeopathic dilutions retain starting materials: a nanoparticulate per-
spective / P. S. Chikramane, A. K. Suresh, J. R. Bellare, S. G. Kane. Homeopa-
thy. 2012. Vol. 99, Ne 4. P. 231-242.

Giménez-Arnau, A. Standards for the Protection of Skin Barrier Function. Curr.
Probl. Dermatol. 2016, 49, 123-134.

Givol O., Kornhaber R., Visentin D., Cleary M., Haik J., Harats M. A systematic
review of Calendula officinalis extract for wound healing. Wound Repair Regen.
2019;27: 548-561.

Gonzalez A. C., Costa T. F., Andrade Z. A., Medrado A. R. Wound healing—A
literature review. An. Bras. Dermatol. 2016; 91: 614-620.

Heise R., Scazik C., Marquardt Y. et al. Dexpanthenol modulates gene expression
in skin wound healing in vivo. Skin Pharmacol Physiol. 2012; 25: 241-248.
Heise, R.; Schmitt, L.; Huth, L.; Krings, L.; Kluwig, D.; Katsoulari, K.V.; Stei-
ner, T.; Holzle, F.; Baron, J.M.; Huth, S. Accelerated wound healing with a dex-
panthenol-containing ointment after fractional ablative CO; laser resurfacing of
photo-damaged skin in a randomized prospective clinical trial. Cutan. Ocul. Tox-
icol. 2019, 38, 274-278.

Helaly, G.F.; Abd El-Aziz, A.A.; Sonbol, F.l.; EI-Banna, T.E.; Louise, N.L.
Dexpanthenol and propolis extract in combination with local antibiotics for
treatment of Staphylococcal and Pseudomonal wound infections. Arch. Clin. Mi-
crobiol. 2011, 2, 1-15.

Herbert A. R. The Principles and Art of Cure by Homoeopathy. 3ed. —New Delhi,
2015. - 325 p.



20.

21,

22,
23.

24,

25.

26.

217,

28.

29.

50

Hormozi M., Gholami M., Babaniazi A., Gharravi A.M. Calendula officinalis
stimulate proliferation of mouse embryonic fibroblasts via expression of growth
factors TGFB1 and bFGF. Inflamm. Regen. 2019; 39:7.

Jahdi F., Khabbaz A.H., Kashian M., Taghizadeh M., Haghani H. The impact of
calendula ointment on cesarean wound healing: A randomized controlled clinical
trial. J. Fam. Med. Prim. Care. 2018;7:893-897.

Klasen H. History of burns. —2004. — 632 p.

Kluger, N.; De Cuyper, C. A practical guide about tattooing in patients with
chronic skin disorders and other medical conditions. Am. J. Clin. Dermatol.
2018, 19, 167-180.

Kuhlmann, M.; Wigger-Alberti, W.; Mackensen, Y.; Ebbinghaus, M.; Williams,
R.; Krause-Kyora, F.; Wolber, R. Wound healing characteristics of a novel
wound healing ointment in an abrasive wound model: A randomised, intra-
individual clinical investigation. Wound Med. 2019, 24, 24-32.

Nicolaus C., Junghanns S., Murillo R., Merfort I. Triterpene alcohols from Ca-
lendula officinalis L. flowers and in vitro studies on their wound healing activity.
Planta Med. 2014;80: P 2B63.

Olsavszky, R.; Nanu, E.A.; Macura-Biegun, A.; Kurka, P.; Trapp, S. Skin barrier
restoration upon topical use of two 5% dexpanthenol water-in-oil formulations
on freshly tattooed skin: Results from a single-blind prospective study. Wounds
Int. 2019, 10, 33-39.

Preethi K. C., Kuttan R. Wound healing activity of flower extract of Calendula
officinalis. J. Basic Clin. Physiol. Pharmacol. 2009; 20:73-79.

Proksch E., Nissen H.P. Dexpanthenol enhances skin barrier repair and redusec
inflammation after sodiom lauryl sulphate-induced irritation. J Dermatolog Treat.
2012; 13: 173-178.

Proksch, E.; Berardesca, E.; Misery, L.; Engblom, J.; Bouwstra, J. Dry skin



30.

31.

32.

33.

34,

35.

36.

37.

o1

management: Practical approach in light of latest research on skin structure and
function. J. Dermatol. Treat. 2019, 1-7.

Proksch, E.; de Bony, R.; Trapp, S.; Boudon, S. Topical use of dexpanthenol: A
70th anniversary article. J. Dermatol. Treat. 2017, 28, 766—773.

Proksch, E.; de Bony, R.; Trapp, S.; Boudon, S. Topical use of dexpanthenol: A
70th anniversary article. J. Dermatol. Treat. 2017, 28, 766—773.

Proksch, E.; Nissen, H.P. Dexpanthenol enhances skin barrier repair and reduces
inflammation after sodium lauryl sulphate-induced irritation. J. Dermatol.
Treat. 2002, 13, 173-178.

Research on homeopathy: state of the art / H. Walach, W. B. Jonas, J. Ives et al.
Journal of Alternative and Complementary Medicine. 2015. Vol. 11, Ne 5. P. 813-
829.

Ross S., Simpson C. R., McLay J. S. Homoeopathic and herbal prescribing in
general practice in Scotland. Br. J. Clin. Pharmacol. 2016. Vol. 62, Ne 6. P. 647-
652.

Sen C. K. Human Wounds and Its Burden: An Updated Compendium of Esti-
mates. Adv. Wound Care. 2019; 8:39-48.

Stettler, H.; Kurka, P.; Lunau, N.; Manger, C.; Bohling, A.; Bielfeldt, S.; Wil-
helm, K.P.; Dahnhardt-Pfeiffer, S.; Dahnhardt, D.; Brill, F.H.; et al. A new topi-
cal panthenol-containing emollient: Results from two randomized controlled
studies assessing its skin moisturization and barrier restoration potential, and the
effect on skin microflora. J. Dermatol. Treat. 2017, 28, 173-180.

Stettler, H.; Kurka, P.; Wagner, C.; Sznurkowska, K.; Czernicka, O.; Bohling,
A.; Bielfeldt, S.; Wilhelm, K.P.; Lenz, H. A new topical panthenol-containing
emollient: Skin-moisturizing effect following single and prolonged usage in
healthy adults, and tolerability in healthy infants. J. Dermatol. Treat. 2017, 28,
251-257.



38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48

52

Stiittgen, G.; Krause, H. Die percutane Absorption von Tritium-markiertem Pan-
thenol bei Mensch und Tier. Arch Klin. Exp. Derm. 1960, 209, 578-582.

Udompataikul M., Limpa-O-Vart D. Comparative trial of 5% dexpanthenol in
water-in-oil formulation with 1% hydrocortisone ointment in the treatment of
childhood atopic dermatitis: a pilot study. J Drugs Dermatol. 2014; 11: 366-374.

Van Koppen C.J., Hartmann R.W. Advances in the treatment of chronic wounds:
A patent review. //Expert Opin. Ther. Pat. - 2015; 25:931-937.Verma D. K. Ho-
meopathy - The Science of Ultra-Dilution and its PossibleMechanism. Homoeo-
pathic Links. 2017. VVol. 24, Ne 4. P. 254-258.

Vowden K. Wound management: the considerations involved in dressing selec-
tion. In: Trends in Wound Care Volume 4. — 2006. Cutting, K (Ed) London,Quay
Books.

Vyas K., Vasconez H.C. Wound healing: Biologics, skin substitutes, biomem-
branes and scaffolds. /Healthcare. 2014;2: 356—400.

Wiederholt T., Heise R., Skazik C. et al. Calcium pantothenate modulates gene
expression in proliferating human dermal fibroblast. Exp Dermatol. 2019; 18: 969-
978.

Wilkins RG, Unverdorben M. Wound cleaning and wound healing: a concise re-
view. // Adv Skin Wound Care. 2013 Apr; 26(4):160-3.

Wollina, U. Zur klinischen Wirksamkeit von Dexpanthenol. Kosm Med. 2001, 4,
180-184.

Wollina, U.; Kubicki, J. Multiaktive Eigenschaften von Dexpanthenol-haltigen
Externa. Kosm Med. 2007, 3, 14-18.

Zhai, H.; Maibach, H.l. Effect of occlusion and semi-occlusion on experimental
skin wound healing: A reevaluation. Wounds 2007, 19, 1-8. Available online:

https://www.woundsresearch.com/article/7894 (accessed on 23 April 2020).

. AnypoBa M. H., baxpymuna E. O., lemuna H. b. O030p coBpeMeHHBIX Teneo0-



49.

50.

51,

52,
53.

54,

55.

56.

57,

58.

59.

53

pasoBaresyieil B TEXHOJIOTUU JIEKAPCTBEHHBIX (opM. XUMHUKO- (hapMalieBTUUECKUN
xypHai. 2015. T. 49. No 9. C. 57-64.

baratodyHkiioHanbHi 1HTPEAIEHTH JUIsI CTBOPEHHS M SIKUX 1 PIAKUX JTIKApCHKUX
dopwm - Kuig, 2017. — Kap6opos ETD 2020 NF — UMCJI Ykpaiau.

Bapmnaxosckass U., CepebpsikoB C. I'omeonatuueckuid peHeccaHc. Pemeduym.
2010. Nel1. C. 3-14.

["aneman C. Jleuenue xpoHndeckux 00Jie3HEN ¥ rOMeonaTuyecKas IOKTpUHaA: Tep.
c uct., HeM., aur1. Kamuaunrpaa: OJIJIO, 2003. 230 c.

INaneman C. Opranon Bpaue6HOro ucKkyccTBa. M.: Atnac, 2012. 206 c.
I'epacumosa JI. 1., XKwxun B. H. u ap. Tepmudeckne u paguainOHHBIE 0KOTH. —
M.: Menununa, 1996. — 246 c.

I'omeonatuyeckas gapmarus ceroaus: npodaemMsl U nytu ux pemienus / T.A. Co-
KoJibeKas [u ap.]. @apmayus. 2012. Nel. C. 40-42.

['omeonatuyeckue nekapcTBeHHble cpeacTBa / A.B. Ilaryaun [u ap.]. M.: 3Hak,
2011. 352 c.

['omeonarnyeckue npenaparbl B TEpaluu OCTPHIX PECIUPATOPHBIX MH(MEKUHUNA Y
nereii /Abpamosud M. JI [u np.]. Ilpakmuxa neouampa. 2013. Ne5. C. 15 - 19.
I'ynon JI. II., Moumu O. II. AKTyanpHICTh 3aCTOCYBaHHsS TrOMeEoONarii sk
XOJIICTUYHOTO METO/Y B JISIILHOCTI JIIKapsl 3arajbHOl MPAKTUKH — CIMEMHOI Me-
muiuan. Cimenna meouyuna. 2013. 4 (48). C. 112-114.

JlepxaBaa ®apmaxorniess Ykpainu : B 3 T. / JII1 «Vkpaincekuii HaykoBHil hapma-
KOMEWHUN IEHTP SKOCTI JKapChbKUX 3aco0iB». 2-¢ Buu. XapkiB : JlepkaBHe
HiAIPUEMCTBO «YKpaiHCHbKUN HAyKOBUM (papMakONEHHUI HEHTP SIKOCTI JiKapCh-
Kux 3aco0iB», 2014. T. 3. 732 c.

JepxaBaa ®apmaxorniess Ykpainu : B 3 1. / [I1 «Ykpaincekuii HaykoBHid apma-
KONMEWHUN LEHTp SKOCTI JIKApChKUX 3aco0iB». 2-¢ BuA. XapkiB : JlepkaBHe-

MIATPUEMCTBO «YKpaiHChKUN HAYKOBHM (papMaKOTIEHHUN IEHTP SIKOCTI JIIKAPCh-



54

KHUX 3aco01By», 2014. T. 2. 724 c.

60. [epxaBuna ®apmakones: Ykpainu. Jlomos. 1. / [I1 «HaykoBo-ekcrieptHuii dpapma-
koneiHuit nentp». 1—e Bua. Xapkis : PIPET, 2004. 520 c.

61. JlepxaBuna ®apmakones Ykpainu. Jlonos. 2. / 11 «HaykoBo-ekcriepTHuil apma-
koneiHuit nentp». 1—e Bua. Xapkis : PIPET’, 2008. 618 c.

62. [lep>xaBHUil peecTp Jikapchkux 3aco0iB Ykpainu / MO3 Vkpainu, 2018. URL:
http://www.drlz.com.ua/ (nara 3Bepuenns: 01.05.2021).

63. JlomoMi>kHI PEYOBMHM B TEXHOJIOTIl JIIKIB: BIJIUB HAa TEXHOJOTIYHI, CIOKWBYI,
€KOHOMIYHI XapaKTePUCTUKU 1 TepamneBTUYHY €()EeKTHUBHICTb: HaB4Y. MOCIO. IS
cTyn. Buil. ¢apMmail. HaBd. 3aki. / [. M. TlepieB Ta iH. XapkiB : 30J10TI CTOPIHKH,
2010. - 600 c.

64. 3younpka H. I1., XKemsackos P. I1. Jlikyemo narimkamu. Tepnominbs: HaBuanbHa
kuura-borman, 2003. 88 c.

65. Banos B. U. JlekapcTBeHHbIE cpeicTBa B HapoaHoU meauruHe. M. : BoeHHoe
n3narebcTBo, 1992, 448 c.

66. KoxxeBankona, E.B. 'omeonaTus ms Bcex. Bonrorpan: u3a-so BoarT’MY, 1999.
176 c.

67. Komnenmiym. Jlikapceki mpemnaparu, 2021. URL: https://compendium.com.ua
(mata 3Bepuenns: 01.05.2021).

68. KopesikoBa O. A. Co3naHue KOHICIIIMM roMeornaTthuueckoi ¢apmanun. Hosas
anmexa. 2000. Ne4, C.8-14.

69. Kpuommna H. A. [IpuBep’keHHOCTh MallMEHTOB TOMEONATHYECKOMY METONY Jie-
YCHHUS M UX OICHKA 3(PPEKTUBHOCTH MPUMEHEHHUS TOMEOIaTHYCCKUX JICKAPCTBEH-
HBIX CPENICTB. Becmu. Hosbix med. mexnonoeuti. 2012. T 19, Ne 2. C. 166-167.

70. Kypkun B. A. ®apmakorno3us: Y4eOHUK i CTYJIEHTOB (apMarieBTUYECKUX BY-
30B ((akyapTeroB). Camapa: OO0 «Odopt», 2019. 1278 c.

71. Kypxuna A. B. ®naBonounas! dapmakoneiHbix pactenuii: MoHorpadus; Camapa:


http://www.drlz.com.ua/
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%82%D0%B0%D0%BB%D1%8F_%D0%97%D0%B5%D0%BC%D0%BD%D0%B0
http://www.bohdan-books.com/
http://www.bohdan-books.com/
https://compendium.com.ua/

72,

73.

74.

75.

76.

77.

78.

79.

80.

81.
82.

55

000 «Odopt», 'BOY BIIO CamI'MVY Munsnpascounpazsutusi Poccun, 2012. —
290 c.
Jlebena A. I1., OcetpoB B. /1. 3mopoB’s ai710BO1 JIFOIWHA: MPAKTHYHUN MTOCIOHUK 3
ditorepamii i romeonarii. K. : Akagemnepioauka, 2002. 174 c.
JlikapchbKi pOCIMHH B TabmuIX Ta cxemax: HaBuanpHuil mociOHuk. / Ykaagaui:
A68 O. O. AunamyxammenoBa, A. O. AuHamyxammenoB. - JXurtomup: Bua-Bo
KAV im. 1. Opanka, 2016 - 187 c.
Jlikapceki pocnuan: EHnmknoneananuii goBiaauk / Bimm. pen. A. M. I'poa3iHch-
kuil.— K.: BupmaBHuntBo «Ykpaincbka Enmukmonenis» im. M. II. baxkana,
VYkpaiHChKui BUPOOHHUO-KOMepIiiHu# neHTp «Omimmy», 1992, 544 c.
Mapuumun C. M., Cymko H. O. Jlikapcbki pocnunau TepHOninbuHu. TepHOTUIH
: HaBuanpna kuura—borman, 2007. 312 c.
Mudraxyraunos C. I'. 'oMeonaTus u aqonatus: OT IPOTUBOIIOCTABICHUS K UH-
terparuu. [loauxaunuxa. 2016. Ne4, C.29-31.
Harigku nikapcebki//Jlikapeski pocnuan: EHIMKIONEIMYHUE A0BIIHUK/ Bian. pen.
A.M. I'ponzincekuii.- Kuis: BunaBauntBo «Ykpainceka Ennukinonesnis» iMm. MLIL.
baxxana, Ykpaincbkuii BUpoOHUYO-KOMepIiiHuMA eHTp «Omimiy, 1992.- C.291.
Oxoru: PykoBoactBo jist Bpaueit / [log pen. b.C. Buxpuera, B.M. bypmucrtposa.
— 2-e u3. nepepad. u gom. — JI.: Meauruna, 1986. — 272 c.
[TapamonoB b.A., ITopem6ckuii 5.0., SA610uckuit B.I'. Oxoru: PykoBoacto. — M.:
CnenJIut., 2000. 480 c.
[Terpor C.B. O6mas xupyprus: Yueb. mocodue. — 3-¢ usj., nepepad. u gom. — M.:
I'S0OTAP-Menua, 2007. — 768 c.
Cemenona A.U. Jlyma romeonaruu. M.: 3nak, 2000, 185 c.
®apmakorsosus : 6a30BbIi yueO. s CTyACHTOB BhIcHI. (papmall. yuel. 3aBeje-
Hus (papmarl. ¢dak.) IV ypoBHsS akkpeauTaluu ; U31. J0pad. U JOI. [aBTOPH3.

nep. ¢ ykp. s13.] / B.C. Kucnuuenko, 1U.A. Kypasens, C.M. Mapuumun, O.I1.



83.

84.

85.

86.

87.

88.

89.

90.

56

XBopocT ; ox pea. B.C. Kuciuuenko. — XappekoB :HPaV : 3010Thie cTpaHu-
el 2017, 776 c.

dapmarieBTHUECKas romMeonaTus: MeToauyeckiue peKoMeHAauu 1Jisi CAMOCTOS-
TEJILHOW PabOThI CTYACHTOB MeaunuHcKkoro ¢akyiabrera / T.A. Jlotom, O. B.
XKyxosa, U. A. Bunorpanosa. IlerpozaBoack: U3znarenscto IletplyY. 2014. 56
C.

XamaranoBa U. B., Kamesapos JI. ®@. Tonuueckne cpeacTBa B TEparuu ajjep-
roJiepMaro3oB y aereid. Meouyunckuii Cosem. 2014; (6):46-53.

Xipypris / 3a pen. S.C. bepesnuipkoro, M.II. 3axapama, B.I'. Mimainosa, B.O.
[TixmoBcrkoro. — uinponerpoBebk: PBA | JIainpo-VAL”, 2006. — T.1. — 443 c.
[umban H. M. OcHoBu diTonpodigakTUKU: HABYAIBHUA MOCIOHUK JJIsi BY3IB.
Tepunonuns : THAITY, 2000. 144 c.

Uukun B. B. MeTunmnpeaan3oi10Ha allenoHaT U JEKCIAaHTEHOJ B TOMMYECKOW Te-
panuu OOJBHBIX aTOMUYECKUM JIEPMATUTOM. BecmHuux depmamonocuu u 6eHepo-
noeuu. 2014 Ne5. C. 112-116.

[apmrynoa M., HIBapu B., Muxanen Y. TonkocnolHas xpomarorpadus B
dbapmaiuu 1 KIMHIYECKOW OMOXUMHH TIep. ¢ cioBalk. moa. pen. B.I'. bepeskuna,
C.. Coxoinosa, B 2 4. M.: Mup, 1980. 622 c.

[IIBabe B. 'omeonaruueckue jJeKapcTBEHHbIE CpeACcTBa. PyKOBOJCTBO MooOMMca-
HUIO U npurotoBieHuto / nmox pen. B. . Peibaka; nep. ¢ Hem. — M. : MockoB-
CKO€ HaydyHOE O0IIeCTBO Bpauel-romeonartos, 1967. — 373 c.

[Menynpko JI. I1. Kynenko H. .. Jlikapceki pocnuHu (CeNneKIlisi 1 HACIHHUIITBO).

ITonrasa, 2013. 476 c.



FA2.2.1-32-366

National University of Pharmacy

Faculty for foreign citizens’ education
Department Technology of Drugs

Level of higher education master

Specialty 226 Pharmacy, industrial pharmacy
Educational program Pharmacy

APPROVED

The Head of Department
Technology of Drugs
Tatyana YARNYKH

“18 ” of June 2021

ASSIGNMENT
FOR QUALIFICATION WORK
OF AN APPLICANT FOR HIGHER EDUCATION

Mohamed Medkhat Ahmed Mohamed ELBANNA
1. Topic of qualification work: «Development of the composition and technology of extempora-
neouse topical gel for the treatment of burn woundsy, supervisor of qualification work: Ganna

YURYEVA, PhD, assoc. prof.,

approved by order of NUPh from “17" of February 2022 Ne 76.

2. Deadline for submission of qualification work by the applicant for higher education: April
2022.

3. Outgoing data for qualification work: __ Object of researches: homeopathic tincture calendula
D1, dexpanthenol, model samples of gel with calendula tincture and dexpanthenol.

4. Contents of the settlement and explanatory note (list of questions that need to be developed):

- to analyze the literature data on the prospects of using calendula tincture and dexpanthenol in
the treatment of burns; - to analyze the pharmaceutical market of Ukraine for the availability of
medicines for the treatment of burn wounds; - theoretically and experimentally substantiate the
composition of the gel with anti-inflammatory, antimicrobial action; - to carry out physicochem-
ical, biopharmaceutical and microbiological studies of gel sections; — to develop a technology
for the manufacture of the gel in pharmacy.

5. List of graphic material (with exact indication of the required drawings):
tables — 4
figures — 3




6. Consultants of chapters of qualification work

Chapters | Name, SURNAME, position of consultant Signature, date
assignment | assignment
was issued | was received

| Chapter Ganna YURYEVA, ass. prof. of higher education in- | 18 June 2021 | 18 June 2021
stitution of department Technology of Drugs
Il Chapter Ganna YURYEVA, ass. prof. of higher education in- | 10 September | 10 September
stitution of department Technology of Drugs 2021 2021
Il Chapter  [Ganna YURYEVA, ass. prof. of higher education in- [ 5 December | 5 December
stitution of department Technology of Drugs 2021 2021
7. Date of issue of the assignment: 18 of June 2021
CALENDAR PLAN
Ne 3/m Name of stages of qualification work Deadline for the stages Notes
of qualification work
1. Analysis of literature data. Treatment of nervous September — done
system diseases, analyze of pharmaceutical market November 2021
of homeopathic drugs and their dosage forms.
2. Researches of active substances and excipients December 2021 — done
February 2022
Justification of the results March 2022 done
Registration of qualification work April 2022 done

An applicant of higher education

Supervisor of qualification work

Ganna YURYEVA

Mohamed Medkhat Ahmed Mohamed ELBANNA




BUTSAT 3 HAKA3Y Ne 76

o HauionanbHomMy GapMaleBTHUHOMY YHIBEPCHTETY
Bin 17 mororo 2022 poky

1. HIDKYCHABCACHMM CTyICHTaM S5-ro kypey 2021-2022 HaByaJbHOrO pOKY. HaBHaHHA 3a
OCBiTHBO-KBATi(iKalliiiHuM ~ PIBHEM — «MaricTp», raiysb 3HaHb 22 0XOpoHa 310pOB’S,
cremianbHoCTi 226 — (apmallis, npomucioBa Gapmallisi OCBITHsS nporpama — (apmauis, aeHHA
dopma HaByaHHs (TEpMiH HaBYaHHA 4 POKH 10 micsawiB), sKi HABYAIOTLCA 3a KOHTPAKTOM.
3aTBEPAMTH TEMU MAricTepchbkux podir:

SR

Nes/m | [Ipi3Bume Tema maricTepcbkoi poboTH llocana, | PeieHsenT
CTYJEHTa Npi3BUlle  Ta | MariCTePChKOL
; IHiLQIH | podotH
. KEpIBHUKA |
no kadenapi TexHoorii JiKiB
1. [EnpGanna Po3po6ka cKia1y Ta TEXHOAOrT nou. FOp’esa 1011
Moxamen EKCTEMIOPAILHOrO Ieflio /IS MICLIEBOro [".B; CTenaHeHKo
MeaxaT AXMe/1|3aCTOCYBaHHs Y JTIKyBaHHi OTIKOBHX paH C.B.
Moxamen Development of the composition and
technology of extemporaneouse topical gel
for the treatment of burn wounds | .

MMigctaBa. nofaHHA AekaHa, 3roda peKTopa.
Pekrtop
Bipno. Cekperap

<3
<

Pakyiprer
3 NIATOTOBKY | &

IHO3eMHyuY
rpomansy

%
*
02010938
WNLETo xapk'®

)

(]
©
(2]
S
»‘3




F A 22.1-32-353
REVIEW
of scientific supervisor for the qualification work of the master's level of
higher education of the specialty 226 Pharmacy, industrial pharmacy
Mohamed Medkhat Ahmed Mohamed ELBANNA
on the topic: «Development of the composition and technology of extempora-
neouse topical gel for the treatment of burn woundsy»

Relevance of the topic. According to the World Health Organization, it is estimat-
ed that each year approximately 11 million people suffer from burn wounds,
180,000 of whom die because of such injuries. Regardless of the factors causing
burns, these are complicated wounds that are difficult to heal and are associated
with high mortality rates. Medical care of a burn patient requires a lot of commit-
ment, experience, and multidirectional management, including surgical activities
and widely understood pharmacological approaches. Despite many preventive
measures, various types of complications may arise during the therapeutic process.
The moist wound environment itself promotes adhesion, the multiplication of mi-
croorganisms, and the development of infection, which can be both exogenous and
endogenous. Additionally, the appearance of secondary infections negatively af-
fects the general condition of the patient, prolongs hospitalization and convales-
cence, while significantly increasing the cost of treatment. Currently, burn wounds
still pose many difficulties. This is because the wound itself requires frequent
dressing changes. Some of the dressings adhere tightly to the wound, especially to
the burned wound surface. Changing the dressing can lead to new epithelial inju-
ries, delayed healing, and suffering of the patient. In addition, the process of
changing the dressing itself is lengthy and, on average, takes one hour. In this as-
pect, the use of drugs in the form of a gel is promising and reasonable.
Practical value of conclusions, recommendations and their validity. Obtained
results became the basis for the creation of a new extemporaneous gel based on
homeopathic tincture calendula and dexpanthenol with anti-inflammatory, antimi-
crobial and wound healing activity.
Assessment of work. The research methodology is based on the main principles
reflected in the works of domestic and foreign authors. The study used a complex
of physical, chemical, microbiological and biopharmaceutical studies of research-
es.
General conclusion and recommendations on admission to defend. The work
was carried out at a high level, meets all requirements and can be submitted to the
Examination Commission.

Scientific supervisor Ganna YURYEVA
«12» of April 2022
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REVIEW
for qualification work of the master's level of higher education,
specialty 226 Pharmacy, industrial pharmacy
Mohamed Medkhat Ahmed Mohamed ELBANNA

on the topic: «Development of the composition and technology of

extemporaneouse topical gel for the treatment of burn wounds»
Relevance of the topic. Burns are a serious condition, irrespective of the origin,
type, depth, or extent of the wound. Burns may occur due to a moment of inatten-
tion, and in situations beyond the victim’s control. Because of the clinical condi-
tions they present, they undoubtedly constitute a great challenge for people who
provide professional care and help to injured patients. Patients with burns are at
risk of developing various infectious and systemic complications. In addition to lo-
cal changes, burns can also lead to systemic disturbances in the form of shock and
burn disease, which is caused by pain, loss of blood plasma, and poisoning from
the absorption of tissue protein breakdown products by the body. The infectious
process and the type of infection in a burn is strongly related to the extent and
depth of the burn, as well as the general condition of the patient, their age, co-
morbidities, and general lifestyle.
Theoretical level of work. To analyzed the pharmaceutical market of Ukraine for
the availability of medicines for the treatment of burn wounds. The prospects for
the use of homeopathic tincture of calendula and dexpanthenol in the treatment of
burns are substantiated. The expediency of creating a gel of combined action has
been considered.
Author's suggestions on the research topic. A complex of physical, chemical,
biopharmaceutical and microbiological studies of gel samples was carried out in
order to develop the optimal composition. On the basis of the results obtained, the
technology of gel preparation in pharmacy condition was proposed.
Practical value of conclusions, recommendations and their validity. During this
work, the literature data has been analyzed, the physical, chemical, and biopharma-
ceutical methods of research have been mastered. Results are of practical interest
for the purpose to expand the range of available medicines.
Disadvantages of work. There are spelling mistakes, technical errors in the work.
General conclusion and assessment of the work. Qualification work of Mo-
hamed Medkhat Ahmed Mohamed ELBANNA can be submitted to the Examina-
tion Commission for defense.

Reviewer assoc. prof. Serhiit STEPANENKO
«19» of April 2022
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MIHICTEPCTBO OXOPOHHU 3JOPOB’5 YKPAITHU
HAINIOHAJIBHUU ®PAPMAINEBTUYHHUU YHIBEPCUTET

BUTAI 3 ITPOTOKOJIY Ne _10
«28» xBiTHS 2022 pOoKy
M. XapKiB

3acinanug kadeapu
TEeXHOJIONII JIKIB

IosioBa: 3aBinyBauka kadeapu, 1okrop dapm. Hayk, mpodecop Tersna APHUX
Cexkperap: xana. papm. Hayk, noueHt Bonogumup KOBAJIBOB

MPUCYTHI: npodecop Onexcanap KOTEHKO, npodecop FOmnis JTJEBAUYKO-
BA, nouent Mapuna BYPSIK, nouent Okcana JlaHbKeBUY, JOLICHT Falea
FOP’E€BA, nonent Biktopisa [TYJIb-JIY3AH, acuctent Ceitnana OJIIMHUK

MNOPSJIOK JEHHUN

1. Ilpo mnpeacraBjeHHss a0 3axucty A0 Ex3amenaniiiHoi kowmicii

KBaJdiikamiifHUX podiT APYroro (MaricrepcbKoro) piBHsi BUIOI OCBITH

CIYXAJINA:
3mo0yBaua BuIOi ocBiTH 5 Kypcy rpynu ®m17 (4.10x)anrin-07 cremiaabHOCTI
226 @apwmaris, npomucioBa dapmariiss Moxamena Menxat Axmen Moxamen
EJIbBAHHA 3 nomnosinmgio Ha Temy «Po3poOka ckiamy Ta TEXHOJOTIT eKCTeMIIO-
PaJBLHOTO TEJII0 JUIsl MICIIEBOTO 3aCTOCYBAHHS y JIIKyBaHHI OMKOBUX paH» (HAyKo-
Buii KepiBHUK: qoueHT I'anna FOP’€BA).
YXBAJIWIN:
PexomenmyBatu 710 3axucTy KBanidikaiiitHy poOoTy.

TI'osoBa 3acimanus Terana APHUX

Cexperap Boaogumup KOBAJIBOB
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HAIIIOHAJIbHU ®APMAIEBTUYHU YHIBEPCUTET

MMOJAHHA
r'OJIOBI EK3AMEHAIIAHOI KOMICIH
OJ0 3AXHUCTY KBAJI®IKAIIMHOI POBOTH

Hamnpasnserscs 3100yBay Bumoi oceith Moxamen Meaxar Axmen Moxamen EJIbBAHHA
110 3aXUCTy KBaiikariiHoi poOoTH 3a ramy33io 3HaHb 22 OX0opoHa 3710pOB’s
crenianbHicTIO 226 dapmartisi, mpoMuciaoBa dapMalts
OCBITHBOIO ITporpamoro Papmartist
Ha Temy: «Po3poOka ckjaay Ta TEXHOJOTIi eKCTeMIOPaIbHOTO TeJI0 JUIsl MICIIEBOTO 3aCTOCY-
BaHHJ V JIKYBAaHHI OIIIKOBUX PAH.

Kgamigikariitna po6oTa i pereH3ist JoJarThCA.

JlekaH akynbTeTy / Citnana KAJJAMYEBA /

BucHoBok kepiBHUKA kBaJdidikaniiinoi po6oTu
3n00yBau Buioi ocBith Moxamen Menxat Axmen Moxamen EJIbBBAHHA mnpencrasus
MaricTepchbKy poOoTy, sika 32 00’€MOM TEOPETUYHHX Ta MPAKTUIHHUX JTOCIIIKEHb IMTOBHICTIO Bij-
MOBIJIa€ BUMOTaM JI0 0pOpMJICHHS MariCTepChbKUX POOIT.

KepiBauk kBamidikaiiiHoi poooTu

I'auna IOP’€EBA

«12» xBitHs1 2022 poky

BucnoBok kadgenpu npo kBaiidikaniiiny podory

Kpanigikamiitny poboty po3risHyTo. 3100yBau BuIloi ocBiTd Moxamen Meaxat Axmen
Moxamen EJIbBAHHA nonyckaetbes 10 3aXUCTy AaHOi kBanidikamniiiHoi podotu B Ex3amena-
IHAHIA KOMIcii.

3aBiryBauka Kadepu TeXHOJIOTII JTiKiB

Tersna APHUX

«28» xBiTH 2022 poky
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