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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. 

 

 

 

 

 

 

АННОТАЦІЯ 
 

У магістерській роботі теоретично та експериментально обґрунтовано акту-

альність розробки гелю для місцевого застосування з гомеопатичною настойкою 

календули та декспантенолом для застосування при лікуванні опіків. За 

результатами експериментальних досліджень, зокрема органолептичних, фізико-

хімічних, біофармацевтичних, обґрунтовано оптимальний склад нового препарату. 

Показники якості модельних зразків визначали за методиками ДФУ. Робота пред-

ставлена на 47 сторінках, містить 10 таблиць, 7 малюнків, 90 джерел літератури.  

Ключові слова: гель, склад, технологія, опікові рани, гомеопатія, настоянка. 
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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 
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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. 
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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. 

 

 

 

 

 

 

 

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]. 

I degree –  

redness of the skin 
II degree –  

blistering of the skin 

III -IV degrees –  

charring of skin and tissues 
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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-

long-lance. The disc florets are tubular and hermaphrodite, and 

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 

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 

Fig. 1.2. Calendula officinalis 
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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, II, III, 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-O-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 : α-

thujene, α-pienene, sabinene, β-pienene, limonene, 1,8-cineol, p-cymene, trans-β-

ocimene, ϒ-terpenene, δ-3-carene, nonanal, terpene-4-ol, 3-cylohexene-1-ol, α-

phellandrene, α-terpeneol, geraniol, carvacrol, bornyl acetate, sabinyl acetate, α-

cubebene, α-copaene, α-bourbonene, cubebene, α-gurjunene, aromadendrene, β-

aryophyllene, α-ylangene, α-humulene, epibicyclosequiphellandrene, germacrene D, allo 

aromadendrene, β-saliene, calarene, muurolene, δ-cadinene, cadina 1,4-diene, α-cadinene, 

nerolidol, palustron, endobourbonene, oplopenone, α-cadinol, Tmuurolol. The essential 

oil was found to be rich in α-cadinene, α-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, α-cryptoxanthin, β-cryptoxanthin, z-

cryptoxanthin, lycopene, α-carotene, and β-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, α-cryptoxanthin, β-cryptoxanthin, β-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-I,-II, and III 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 

from calendula flowers have anti-

inflammatory, choleretic, reparative and 

antiseptic effects. 

• cuts, purulent wounds, furunculosis, 

burns, proctitis, paraproctitis, for gargling 

with inflammatory diseases of the upper 

respiratory tract, sore throat, etc. 

• with gingivitis, periodontitis, bleeding 

gums, conjunctivitis. 

• for the treatment of cervical erosion. 

• gastritis, peptic ulcer of the stomach 

and duodenum, colitis, enterocolitis. 

Herb collected during flowering or 

flower baskets are used. 

• Eyes - inflammation of the eyes after 

surgery. 

• Ears - deafness. 

• Tonsillitis. 

• Teeth - bleeding after extraction. 

• Stomatitis. 

• Uterus - erosion of the cervix. 

• Childbirth - the consequences of tissue 

rupture. 

• Muscles - ruptures of muscles, 

ligaments. 

• Ulcers - obsolete ulcers, incl. varicose. 

• Burns - I and II degree. 

• Frostbite - I and II 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]. 

 

 

 

 

 

 

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%. 

 

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. 

 

 

 

 
Foreign manufacturers 

 
Ukrainian 
manufacturers 
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CONCLUSIONS 

 

1. 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. 

2. 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. 

3. The prospects and prevalence of dexpanthenol in the treatment of burn wounds  are 

considered, the pharmaceutical market of dexpanthenol drugs is studied. 

4. 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 II 

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-

120 ºC. Refractive index (589 nm): 1.495–1.502. High-
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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-

istic odor, miscible with water and alcohol, and has hygro-

scopic properties. Boiling point -187.4°C, freezing point - 

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 

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-

cally insoluble in acetone, ethanol and toluene. It mixes 

easily with water to form a colloidal solution. 

 

 

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

99%. White or almost white crystalline powder or color-

less crystals. Easily soluble in water, sparingly soluble 

in ethanol, very slightly soluble in ethyl acetate. The 

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 пgel 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 API 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 = ∆m1 x 100 % /m 

where: Х is an osmotic activity, %; 

m is the mass of the gel taken for analysis, g;  

m1 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 пуд 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 (III) sulfate solution: 

To 1 ml of tincture add 1 ml of sulfuric acid P, 1 ml of ethyl alcohol and 1 drop of 

iron (III) 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 (III) chloride: 

To 1 ml of tincture add 2-3 drops of 1% alcohol solution of iron (III) 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 0C, 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 = 50×A/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: 

Х = (V – V1)×0.004157×250×100×100/m×25×(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 = A×25/220×1, 

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, ml 

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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 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 

№ Indicators Result 

1. Appearance Yellow-green liquid 

2. Taste, smell Odorless, bitter taste 

3. Density, kg/m3 0.8679 ± 0.0054 

Ethyl alcohol 70 % Dried calendula flowers 

Mixing ingredients, maceration for 8 days at room 

temperature 

Weighing 10 parts of 70% ethyl 

alcohol 

Weighing 1 part of raw 

materials 

Pressing the mixture and settling for 8 days 

Filtration 

Quality control of tincture  

Obtaining tincture of calendula X1 with the content of 

active substances 1:10 
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4. Alcohol content, % 68.50 ± 0.05 

5. Dry residue, % 2.8 ± 0.3 

6. Quantitative content of tannins, % 3.53 ± 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 

№ 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 сolorless 

 

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 
- - - 5.0 

 
- 

Triethanolamine 0.5 0,5 - - 1,0 1.0 

Purified water up to 

100.0 

up to 

100.0 

up to 

100.0 

up to 

100.0 

up to 

100.0 

up to 

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). 
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Table 3.5 

Quality indicators of the obtained gel samples during storage 

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 

100.0 

up to 

100.0 

up to 

100.0 

up to 

100.0 

up to 

100.0 

up to 

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, 

days 

Sample number 

1 2 3 4 5 6 

Colloidal 1 + + + + + + 

14 - + - + + + 

30 - + - + + + 

Thermal 
stability 

1 + + - + + + 

14 - + - + + + 

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 44.8 ± 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 (III) 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2. Dynamics of phenolic compounds release from gel samples: 

 Sample № 1 - carbopol 934 Р; Sample № 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 API 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-
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mended for the treatment of burn wounds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

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

ation method has been developed 

2. 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. 

3. 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. 

4. 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 

 

1. 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.  

2. The information on the properties of calendula medicines, their advantages and the 

main groups of BAS is generalized. 

3. 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. 

4. 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. 

5. 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. 
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