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abstract
Objectively assess the practical importance of the clinical, pharmacological and pharmaceutical characteristics of products and preparations based on ectoine is impossible without a deep analysis of all the circumstances in which the therapeutic effect of this microbial metabolite occurs. Therefore, on the one hand, it is necessary to pay due attention to the skin and mucous membranes as special biological targets for ectoin molecules. On the other hand, one cannot underestimate the uniqueness of ectoin-containing protective agents aimed at preventing and arresting the manifestations of pathological processes and symptoms in various conditions and diseases of the respiratory system, gastrointestinal tract and skin. At the same time, the use of various commercial products in medicine and cosmetology still occurs under conditions when the mechanism of action of ectoine is not fully understood. Under these circumstances, the necessary clarity can brought out by the results of new clinical and experimental studies of metabolites of the group of ectoine. These data should strengthen the position of ectoine and its derivatives as effective and safe therapeutic agents for medical and cosmetic use.
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The evolution of microorganisms on Earth took place in severe conditions of an extreme environment [1]. One of the mechanisms of adaptation of living organisms to severe environmental conditions, for example, to dehydration and excessive salinity, was the synthesis of low molecular weight compounds known as “compatible solutions” or “compatible solvents” (osmolytes, osmoprotectors) [2]. These substances allowed organisms to remain viable under extreme natural conditions [3]. Originally, osmoprotectors are secondary metabolites that prevent harmful dehydration of cells without undesirable modulation of basic cellular metabolism. The source material for osmolytes is the primary metabolites, which have undergone coordinated configuration.


Most secondary metabolites are complex organic molecules whose intracellular synthesis requires a large number of specific enzymatic processes [4]. Simple metabolites of this group, as well as complex metabolites, may have pronounced biological activity, including osmoprotective activity. A product of microbial synthesis ectoine belongs to simple secondary metabolites with pronounced activity [5].
Many halophilous* and halotolerant** microorganisms accumulate low molecular weight intracellular solutions to ensure osmotic balance with the extracellular hypersaline environment [6]. Some of the osmolytes are synthesized using biotechnological production and have commercial applications [7, 8].




*Microorganisms which require high concentrations of salt for their existence.
**Microorganisms which are resistant to the presence of high salt concentrations, but prefer salt-free conditions for growth [3].




These include, for example, glycine, betaine, sucrose, trehalose, various polyols, various amino acids and their derivatives [9, 10].
Ectoine or 1,4,5,6-tetrahydro-2-methyl-4-pyrimidin-carboxylic acid is an osmolyte in halophilic and halotolerant procaryotes, one of the most common osmotic products of bacterial origin, a polyfunctional bioprotector [5, 11]. Currently, it is known that the primary activity of ectoine is its ability to stabilize protein molecules and cell membranes on the basis of a kosmotropic effect, which provides for the enhancement of the physical water structure.
The product name “ectoine” is consonant with the former name of haloalkyphilic sulfur purple bacteria of the species Ectothiorhodospira halochloris, from which this metabolite was first derived [5, 11]. Currently, the specified microorganisms belong to the bacterial species Halorhodospira haloрhila [14]. The updated history of the discovery of a unique metabolite officially relates to the extreme halophile Halorhodospira haloсhloris, of a phototroph growing in the presence of 5M NaCl [5]. Later it was found that many halophilic and halotolerant bacteria, including representatives of Actinobacteria, Firmicutes and Proteobacteria, synthesized ectoine in combination with a 5-hydroxy derivative [15, 16].
The specified microorganisms produce and accumulate intracellular ectoines to ensure osmotic balance with excessive salinity of the environment [17, 18]. Therefore, organisms eliminate salt from the cytoplasm, canceling the need to adapt their intracellular proteins to the presence of high salt concentrations. In recent years, a significant number of such “compatible solutions” of microbial origin have been identified and characterized [19]. Ectoines can protect many unstable enzymes, as well as nucleic acids from harmful effects of high salinity, thermal denaturation, drying-out and freezing, thereby increasing the shelf life and activity of enzyme preparations [19-22]. For example, ectoine is able to modify various processes associated with the conversion, catalysis, and stabilization of the activity of trypsin and chymotrypsin [23]. Such compatible dissolved substances are sometimes referred to as "molecular chaperones".
Biosynthesis of ectoine  from aspartate, a cyclic amino acid, is carried out with the participation of specific enzymes: 2,4-diaminobutyrate (DUB) -aminotransferase (EctB), DUB-acetyltransferase (EctA) and ectoine synthase (EctC) [12]. The route of ectoine biosynthesis is a branch in the route of amino acid synthesis of the aspartate family. In recent years, attempts have been made to study in detail the properties of enzymes and genes of this biochemical route, which is stipulated by the practical tasks of obtaining a promising bioprotector of ectoine used in medicine and cosmetics, as well as in scientific practice as a water-retaining agent and stabilizer of biomolecules and whole cells [13]. In addition to ectoine, halophiles also produce its derivative 5-hydroxyectoine, that is also a bioactive compound. The biosynthesis of hydroxyectoine is carried out by direct hydroxylation of ectoine by ectoine hydroxylase (EctD) [13].
History of ectoine manufacturing
The principle and method of ectoine manufacturing with the aid of a producing strain Halomonas elongata ATCC 33173 was patented in 1994 by the German biotechnology company Bitop AG (Germany) [7]. Other strategies for the manufacturing ectoines are also available in the literature [24-26]. The most well-known technology for manufacturing ectoine involves the extraction of compounds from halophilic bacteria.

Industrial processes for the mass manufacture of ectoine and hydroxyectoine were developed with the aid of producing strains Halomonas elongata ATCC 33173 and Marinococcus M52, respectively. The procedure is based on the phenomenon of “bacterial milking” [27, 28]. In 1998 T. Sauer and E.Galinski [27] developed this manufacturing biotechnological process using H. elongata as an ectoine-producing source. At “bacterial milking”, a producing strain is grown to a high cellular concentration in a hypersaline environment. This leads to the accumulation of a large quantity of intracellular ectoines. Then an osmotic lowering shock is applied, i.e. a microbe from the conditions of the hypersaline environment moves to the environment with low salinity. Producers get rid of their own ectoine and other compatible solutions to maintain the required osmotic balance. The bacteria react by releasing most of the ectoine into the environment from which the compound can be collected by filtration and purified. Then salt is again added to the culture medium to a high salinity level, which stimulates the synthesis of a new portion of a metabolite. The specified process can be repeated several times, alternately manipulating the culture media with high and low salinity, thus providing industrial volumes of the product. Long-term research on the development, research, and manufacture of ectoine allowed Bitop AG to become the only industrial manufacturer of this product certified in accordance with the requirements of ISO 13485 [29].
Scope of ectoine application
At present, there is an obvious demand for ectoine in the field of pharmaceutical applications and other applied areas of human activity [8, 9]. However, only an industrial form for obtaining a metabolite can ensure the successful entry of commercial products into the modern consumer market, especially in the form of pharmaceutical preparations and devices for medical and cosmetic use [7, 8, 16].
Medical use of ectoine determines the need to assess the degree of knowledge of this substance as a therapeutic agent. In recent years, an increase in the number of studies on the various therapeutic and prophylactic properties of ectoines for use in medicine and cosmetology has been observed [7–9].
A. Roychoudhry et al. [30] showed that ectoine, like other compatible solutions, enhances the intramolecular interaction required for protein stability. It reduces the denaturation of enzymes induced by temperature fluctuations and prolongs the activity of lactate dehydrogenase (LDH) and phosphofructokinase, enzymes that are usually sensitive to freeze-thawing, heating and cryogenic drying [31]. Ectoine also increases the stability of phytase, ribonuclease A, and polymerase of two-stranded DNA at increased temperatures [32, 33]. C.Tanne et al. [34] found that the ectoine derivative, 5-hydroxyectoine, was superior to ectoine in the degree of protection against increased temperatures.
The ability of ectoine to protect macromolecules from the action of proteolytic agents is of particular interest. For example, chymotrypsinogen and trypsinogen zymogens were resistant to proteolysis by enteropeptidases [23]. Ectoine can inhibit HIV replication [33], as well as stabilize retroviral vectors for gene therapy, which can be a useful feature since these vectors usually lose infectivity during prolonged storage and transportation [35].
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Treatment of allergic rhinitis and rhinoconjunctivitis
At present, the most popular area of therapeutic use of ectoine is the treatment of allergic processes in which the mucous membranes of eyes, nose and a respiratory tract are involved in a pathological process [36]. A series of clinical trials with elements of a meta-analysis conducted by Bitop AG from 2010 to 2014 significantly strengthened the manufacturer’s initial information base on the use of ectoine-containing agents for allergic rhinitis (AR) and rhinoconjunctivitis in children and adults [37, 38]. The results of international studies showed that ectoine had a significantly more pronounced effect on the dynamics of nasal and ocular symptoms compared with placebo. In the group of patients who received ectoine, the regression of nasal allergy symptoms (runny nose, nasal cavity itching, nasal congestion, sneezing) was 19.6%, which was significantly higher compared with the group of patients who used placebo. The positive dynamics of eye symptoms (itchy eyes, red eyes, runny eyes) was even more significant: in a group of patients who used ectoine the reduction of eye symptoms was 24.4%, while this parameter was only 15.8% in a placebo group. The specified differences showed high statistical significance (p = 0.023). The ectoine solution was non-inferior in efficacy and target medicinal products (beclomethasone, azelastine, and cromoglycic acid) in the form of a spray [39].
At present, ectoine-containing products intended for medical use during AR and rhinoconjunctivitis are available in many countries around the world. In particular, in Austria, Germany, Israel, Jordan, Italy, Kuwait, Lebanon, Liechtenstein, the United Arab Emirates, Poland, Saudi Arabia, Slovenia, Ukraine, Croatia, the Czech Republic, Switzerland, etc. [46]. In Russia, the only medicinal product with ectoine intended for clinical use during AR is the medical device nasal spray Aqua Maris® Ectoin (Jadran d.d., Croatia).
Nasal spray Aqua Maris® Ectoin is a natural product that contains a combination of ectoine and an isotonic solution of sea salt. Due to its high hydrophilic properties, ectoine, which is a part of the preparation, forms a kind of “water shield” (Ectoine Hydro Complex) on the surface of the nasal mucosa. Such a "water coat" prevents the adhesion of allergens and other foreign particles. Whereby, allergens become fixed on the surface of the Hydro Complex and can be effectively removed from the nasal cavity when washing it or blowing out. The sea salt which is a part of a preparation promotes regeneration of a mucous membrane, damaged under the influence of allergens. Ectoin Hydro Complex possesses a powerful membrane-stabilizing effect and thus reduces the severity of an inflammatory response. Therefore, a nasal spray Aqua Maris® Ectoin protects against an allergy and reduces the severity of AR manifestations [43-45].
At present, many domestic pediatricians, ENT specialists, immunologists and allergists, and general practitioners have the necessary experience in the use of a nasal spray Aqua Maris® Ectoin [40–42]. The widespread introduction into the clinical practice of a nasal spray Aqua Maris® Ectoin has opened an innovative direction for the efficient prevention and arrest of pathological manifestations of AR in children and adults. Studies of S.I. Bardenikova et al., 2016 can be considered as a practical confirmation of the clinical efficacy of a spray Aqua Maris® Ectoin in pediatric practice  [43].


Proceeding to the study, the authors took into account the peculiarities of the unique formula of Aqua Maris® Ectoin, which includes a combination of ectoine and an isotonic solution of sea salt - Ectoine Hydro Complex, which prevents allergens from contacting mucosal cells.
In the course of the work, the researchers found that there was a decrease in the Total Nasal Symptom Score - TNSS. This confirms the efficacy of local barrier therapy at various schedules for the treatment and rehabilitation of AR, regardless of its use as a part of mono or complex therapy with topical pulmonary glucocorticosteroids. Barrier therapy with an ectoine containing nasal spray accelerates and maintains the therapeutic effect, especially in cases where contact with allergens is completely impossible to eliminate (house dust, epidermal allergens). The clinical results obtained by the authors allowed to determine the place of an ectoine nasal spray in the algorithm of treatment of children suffering from all-year AR [43].
No less convincing are the materials of clinical trials conducted by A.V. Kamaev and O.V. Trusovа, 2015 [44], who, according to the results of this work, recommend to include Aqua Maris® Ectoin, based on ectoine, into therapeutic schemes of “barrier” preparations. This will let to reduce the frequency of acute conditions of AR, to reduce the severity of daily symptoms and significantly improve the well-being of patients. In their article, the authors described in detail ectoine (1,4,5,6-tetrahydro-2-methyl-4-pyrimidinecarboxylic acid) as a compound biologically produced by bacteria that have to live in extreme living conditions, including high temperatures, the influence of increased salinity, ultraviolet radiation. Ectoine of microbial cells contributes to the formation of a protective and stabilizing "water capsule" on a protein surface, protecting molecules from structural changes and water loss. In addition, stability and flow properties of cell membranes increase. Such stabilization of the epithelial membranes of nasal and ocular mucous membranes in humans prevents potential water loss and protects allergenic molecules from penetrating the mucous membrane. Today, ectoine is widely used in skin care products to treat atopic dermatitis; moreover, nasal sprays and eye drops with ectoine are being actively introduced into the world clinical practice. Toxicological studies and tolerability studies have shown an extremely favorable safety profile of products consisting of ectoine. In conclusion, A.V.Kamaev and O.V.Trusova have noted that according to the results of an open, prospective, controlled, non-comparative study of Aqua Maris® Ectoin during the treatment of persistent AR of varying severity in children and adolescents, its clinical efficacy and good tolerance have been confirmed. The obtained results allow us to recommend the use of the preparation Aqua Maris® Ectoin to treat persistent AR in children, both as a part of a scheduled treatment and as an immediate preventive medicinal product just before contact with a causative allergen. These recommendations comply with an established clinical practice and the provisions of international guidelines on the management of AR in children and adolescents [44].
Studies conducted by M.A. Mokronosova et al. [45] in Moscow region, which investigated the efficiency of monotherapy with Aqua Maris® Ectoin in patients with intermittent AR are of particular interest. The authors pointed out the important role of protecting the mucous membrane of a respiratory tract by applying on it "barrier" preparations that prevent the penetration of allergens into a human body.




They, forming a film on the surface of the mucous membrane, "separate" an allergen from a human body and perform a barrier role. Therefore, monotherapy with Aqua Maris® Ectoin at the early stages of allergic seasonal inflammation in an upper respiratory tract can significantly reduce the antigenic load on the mucous membrane of the nasal cavity of a sensitized organism. In this regard, the introduction of Aqua Maris® Ectoin into the standard treatment of AR as a "barrier agent" seems to be relevant [45].
The presented clinical results of domestic researchers confirm the findings of foreign colleagues [38], made on the basis of a meta-analysis of the efficiency of an ectoine nasal spray in patients with various manifestations of AR (allergic rhinoconjunctivitis and rhinitis). Therefore, it is known over an extended period that a nasal spray and eye drops containing ectoine effectively combat the symptoms of AR, rhinoconjunctivitis, and dry rhinitis. This preparation for the treatment of a nose and eyes, which is very easy to use, is well tolerated and contains natural ingredients, which have no bad taste and which practically have no side effects, significantly reduces the development of symptoms of AR and is a promising alternative for patients suffering from rhinoconjunctivitis. In addition, ectoine-containing agents can be considered to be no less effective in treating the symptoms of rhinitis than local antihistamines, intranasal glucocorticosteroid beclomethasone or nasal mast cell stabilizers. A significant advantage of these products is their high safety profile (it can be used in children from 2 years old, as well as in pregnant and lactating women).
correction of pathological skin conditions
Dry skin is an increasingly common problem. This condition occurs when the moisture content is less than 10% and at the concomitant violation of the integrity of the stratum corneum. The causes of this phenomenon can be both exogenous and endogenous. The first causal group includes extreme climatic factors (cold, heat, wind, drought), the action of chemical agents (detergents and solvents), laundry, topical medicinal products (retinoids), ultraviolet rays, mechanical effects. Endogenous causes include anatomical anomalies, desquamation defects, tender and aged skin, ichthyosis, chronic eczema, psoriasis, atopic dermatitis [55].
Dehydration brings a lot of trouble: dryness, fine mimic wrinkles and the increase of deep age-related wrinkles, dull complexion, unevenness and peeling, feeling of a rough surface. Dry skin is thin, matte, clear. Through it, you can sometimes see blood spider veins. It is easily irritated, and then there is redness, peeling, signs of dermatitis. In cosmetology moisturizing creams are used to care for dry skin. This helps to slow the loss of skin moisture, thereby this helps to maintain hydration, improving the appearance and tactile properties of dry and aging skin. Nature has not sufficiently supplied dry skin with protective agents, and therefore the skin especially requires protective medicinal and cosmetic preparations. All substances with a drying effect are contraindicated for it. Moisturizing with traditional products is not an exhaustive component of efficient skin care [49]. Products designed with regard to the physiology of its moisture are more appropriate for this purpose. The natural flow of water for hydration of the cells of the stratum corneum occurs due to its movement upward from the deep layers of the epidermis.

Then it disappears in the process of evaporation. It is important to consider that moisture should prevent transepidermal water loss (TEWL), as well as dehydration of the stratum corneum. The skin is impermeable to water due to the protective action of the fatty film covering it. In the body, it regulates not only the water content but also the salt content. Consequently, the task of such products is the complex restoration and maintenance of the fully functional condition of the patient's skin. Soft moisturizers can improve the state of the barrier function of the stratum corneum of the skin and help relieve symptoms [49].
A natural moisturizing factor - a mixture of amino acids, lactates, urea, and electrolytes, which help to retain water in the stratum corneum, plays a significant role in the process of moistening. As a result, an integral moisturizing process should contribute to the restoration of the skin barrier; increase in water content; decrease in TEWL; restoration of the ability of lipid barriers to accumulate, retain and distribute water.
The number of moisturizers is quite large: glycerin, sorbitol, urea, -hydroxy acids (i.e. lactic acid), various sugars. They attract water when applied to the skin and prognostically improve the hydration of the stratum corneum. However, the water that strains after the skin is transepidermal water, not atmospheric water. Attempts of manufacturers to use the aforementioned moisturizers as a part of commercial preparations do not always bring a beneficial effect. High concentrations of propylene glycol and urea can be irritating. Pure mixtures of amino acids are useless as moisturizers. Pure glycerin solutions are inefficient. Propylene glycol itself is an irritant. In addition to their moisturizing properties, urea and lactic acid are keratolytic. Urea is a moisturizer at lower concentrations (10%), but at higher concentrations (20–30%) it is a soft keratolytic that breaks hydrogen bonds and epidermal proteins. -Hydroxy acids, such as lactic acid or glycolic acid, appear to enhance the adhesion of the layers of the stratum corneum, thereby reducing roughness and scaling. Moisturizers containing collagen, keratin, elastin and other proteins are too large to penetrate the dermis.
Thus, the current practice suggests that "dry skin" (xerosis) is the main indicator for the use of moisturizers. In addition, they can be prescribed during the treatment of atopic and contact dermatitis, ichthyosis and premature aging of the skin under the action of ultraviolet rays (or skin photo-aging). Unfortunately, even efficient moisturizers can cause a number of undesirable side effects: folliculitis, irritation, allergic contact dermatitis and contact urticaria. The use of ectoine as a natural moisturizer of biological origin almost completely eliminates the undesirable side effects of "colleagues" from other groups.
Ectoine for the correction of pathological skin conditions. The model perception of the mechanism of ectoine activity is considered mainly on the example of interaction with skin cells. It is claimed that it protects the skin from ultraviolet radiation, aggressive environmental factors, prevents accelerated skin aging, increases skin resistance to the effects of surfactants from cosmetics and etc, due to its properties to stabilize and protect the skin barrier [47]. 



Pure water
With ectoine
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Fig. 1. effect of ectoine on the structure of water [58].
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Fig. 2. stabilization of biomolecules by ectoine according to the selective exclusion model: a - protein in water (the number of water molecules on the protein surface is small); b - protein in an aqueous solution of ectoine (the number of water molecules is increased due to the water complex of ectoine); protein stabilization is provided by increased hydrophobic interaction [58].
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On this basis, in the cosmetic industry ectoines began to be added to topical cosmetic preparations as moisturizing agents for dry, irritated or aged skin [48].
The peculiarity of ectoine action as a therapeutic agent consists in its primary activity. This type of activity is able to stabilize protein molecules and cell membranes on the basis of a kosmotropic effect, which provides an increase in the physical water structure. Ectoine is a potent kosmotrope. Studies of the radial distribution of oxygen in pure water, sodium chloride solution, ectoine solution confirmed the stabilizing effect of ectoine on the water structure (Fig. 1).
Sodium chloride reduces the interaction between water molecules, destroys the water structure and is as a result a chaotrope. In an ectoine-containing solution, the quantity of neighbouring water molecules, on the contrary, increases. Therefore, ectoine improves the interaction of water molecules with each other. It stabilizes the tetrahedral water structure.

Fig. 3. stabilization of the membrane and increase of the mobility ofthe membrane under the action of ectoine: a - bilipid membrane in water (bilipid membranes are stabilized due to hydrophilic interaction of the head groups); b - bilipid membranes in an aqueous solution of ectoine (the aqueous complex of ectoine enhances the interaction of the head groups with water, as a result of which the mobility of the membranes increases) [58].
a Without ectoine
b With ectoine
Water molecule
Ectoine
Bilipid membrane
Increased mobility within a cell

These results also explain ability of ectoine to stabilize proteins. Maintaining the natural form of a protein is supported by entropy, which leads to the exclusion of the contact of hydrophobic molecules with water. Stabilization of the water structure leads to an increase in the hydrophobic interaction and, accordingly, an increase in the stability of the structure of a protein as a whole.
As a result of the exclusion of ectoine from the hydrate coat of biopolymers, a protective stabilizing coat is formed around such biomolecules - the ectoine water complex (Fig. 2).
The formation of the ectoine water complex and the resulting kosmotropic effect of ectoine on the water structure, described above, can also contribute to the stabilization of mono-bilipid membranes, which can be considered as a model of cell membranes (Fig. 3).
Ectoine is an efficient and long-lasting moisturizing agent that prevents dehydration of the epidermis and is superior to a well-known membrane stabilizer phosphatidylcholine. It also suppresses skin inflammatory processes. This enables us to recommend its preparations for the treatment of atopic dermatitis of moderate severity [50]. In addition, ectoine actively absorbs ultraviolet radiation and protects against the destruction of the DNA of various cells [51, 52]. It is known that the first devices with ectoine were used in 2000, in the form of local cosmetic products in order to moisturize problem areas of the skin [48]. The definition of the term "moisturizer" in professional literature has several semantic revisions. For example, “a product that actively increases skin water content” [53] or “moisturizers are topical agents whose primary task is to prevent and treat dry skin” [54].
To assess the ability of creams based on ectoine to improve the barrier function of the skin, the influence of several products based on ectoine on TEWL was studied (data from Merck KGaA, Darmstadt, Internal report: Ectoin: Added Protection and Care for the Skin). In total,
5 independent studies of products based on ectoine in various concentrations (1–5%) were conducted, in total, 70 patients participated in the studies. The use of ectoine-based products has significantly reduced TEWL in people with sensitive and atopic skin.
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The skin of the forearm was irritated by sodium dodecyl sulphate (SDS) in twenty volunteers. TEWL was measured using Tewameter. After the first measurement (t0), the test products were applied to one site 2 times a day for 7 days in accordance with randomization, one site was not treated with the products and it used as a control one. Fig. 4 shows the change of TEWL relative to the baseline (t0); p <0.05 when compared with the untreated area; p<0.05 when compared with placebo.
A number of further studies focused on the long-term moisturizing effect of ectoine. Ectoine 0.5% and 1% were applied to the forearms of volunteers 2 times a day for 12 days. The degree of skin hydration was evaluated from 8 to 12 days of the study. On the 12th day of the study, the use of the preparation was discontinued and the skin hydration was evaluated 7 days later, on the 19th day of the study. After 8 days of ectoine use, hydration was better than after the use of placebo (improvement up to 200%), and it remained unchanged until the end of the study. Although ectoine was discontinued on the 12th day of the study, the actual level of hydration was maintained for 7 consecutive days, confirming its ability to maintain skin hydration for a long period.
The use of ectoine as a part of medical devices for arresting inflammatory reactions during allergies and atopic dermatitis has a certain positive practice. Current knowledge of AD includes information about pathological changes in immune, microbial, integral skin barriers. In this case, skin barrier disruption can be of physical and chemical nature, which are closely interrelated [56].
[image: ]

Fig. 4. effect of ectoine on transepidermal water loss [58].
Change in TEWL relative to baseline, %
Control
Placebo 
Ectoine1%
Ectoine 4%
In 7 days
*p <0.05 when compared with the untreated area;
+p<0.05 when compared with placebo.


The safety of ectoine-containing creams. Ectoine efficacy is combined with a high safety profile for patients, including children. Individual undesirable manifestations during the administration of these prepartaions are carefully analyzed. In general, the administration of a family of commercial creams with ectoine indicates a safe method of treating inflammatory dermatoses in children diagnosed with atopic dermatitis. The absence of harmful impurities (preservatives, dyes, fragrances) in the composition of an active ingredient and excipients ensures the safe use of ectoine cream in infants and children (IUF data, 2014).
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Cream Perfectoin®. At present, Perfectoin® cream has appeared on the Russian market, the main component of which is a molecule of ectoine at he concentration of 7%. It is combined with any preparations and can be used in complex therapy of atopic dermatitis, eczema, neurodermatitis, psoriasis, contact dermatitis, radiation dermatitis, retinoid dermatitis, cheilitis, dry skin. Due to the ability of ectoine to stabilize and protect the skin barrier, Perfectoin® cream can be used for the proactive treatment of atopic dermatitis. Additionally, Perfectoin® cream contains a complex of vitamins, which restores the optimal level of moisture naturally restoring water-lipid balance. The components of the complex are ceramides, squalane, natural oil lipids (olive and shea butter), Cardiospermum Halicacabum, triglycerides of capric and caprylic acids. Due to these components, the cream has a delicate texture, even a small amount is enough to apply over a large area of the skin surface.
conclusion
During the long period of study and application of ectoine, its biological safety and the necessary biocompatibility for humans have been confirmed. At present, the nomenclature of commercial products containing ectoine has expanded significantly. The clinical use of these agents includes pulmonary, sublingual and oral administration, as well as topical administration. Experiments have not revealed the negative effect of ectoine on the metabolic process of the biological system of a functioning cell. The protective effect caused by the moisturizing and stabilizing effect of ectoine provided the production of a number of promising products for direct application to targeted areas of the skin, the mucous membranes of the respiratory tract and the gastrointestinal tract. The nomenclature included preparations and devices in the form of a nasal spray, oro-dispersible tablets (lozenges), eye drops, solutions for inhalation, for internal and external administration. The protective effect of ectoine on epithelial cells of the skin and mucous membranes of a person is expressed in the physical shadowing of the harmful effects of various external stress factors, such as ultraviolet radiation, unwanted water loss, and pollutants. The metabolite maintains the state of hydration of biological molecules and membranes of tissue cells, which remain almost unchanged during stressful situations. The initial interaction of ectoine with the cellular structures of the epithelium and the kosmotropic effect prevent the possible occurrence (or development) of inflammation under the influence of various harmful factors. At the same time, other natural anti-inflammatory mechanisms are not deteriorated in a human body. Ectoine arrests inflammation exclusively within the framework of the physical protective effect. All this speaks for the apparent priority of the use of ectoine-containing products for the complex treatment of AR and atopic dermatitis, where there is a violation of the epidermal barrier and an hyperimmune reaction [59].
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