Scientific Journal «ScienceRise: Pharmaceutical Science»

Ne2 (24)2020

UDC 615.324:579.8-026.81]:616.5
DOI: 10.15587/2519-4852.2020.201104

PRIMARY SELECTION OF THE PREBIOTIC COMPONENTS IN THE COMPLEX
DERMATOLOGICAL THERAPEUTIC AND PREVENTIVE MEDICINE WITH
PROBIOTIC
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Mema. Bubip onmumaneHux npebiomuyHux KoMnoHenmie 0isi bakmepiti pooy Lactobacillus 3 memoro ix cymic-
HO20 BUKOPUCMAHHA Y CKIAOL M SIKO20 KOMNIEKCHO20 0epMAMOIO2IYHO20 NKYBANIbHO-NPOPIIAKMUUH020 3AC00Y
3 npodiomuxoMm.

Memoou. Cymicue Kyibmugy8aHHs npobiomuyHo2o wmamy y piokomy stscusuivnomy cepedosuwi MPC i3 nes-
HUM AKIMUBHUM [HZpeOiEHMOoM )y 0bpanux Kouyenmpayisx. IIpomsazom yuxay Ky1emugy8auHs yepes neeHi npo-
MICKU Yacy 8i00upanu 3pasku 3pocmaroyoi Kyavmypu OJisd 8USHAYeHHS KOHyenmpayii 6akmepiti Memooom nps-
MO20 NOCI8Y | BU3HAYEHHA KUCIOMHOCHII.

Pesynomamu. [Ipomszom 48 200 cymichozo KynbmueyeanHs iakmobaxmepiti i3 06panumu KOMHOHEHMAMU CHO-
cmepizacmocst Cymmese 30LbUIeHHS HCUMMEIOAMHUX KAIMUH, SIK 6 KOHMPOJL, MaK i npu 000aeanHi 6IMaminie y
00paHux KOHyeHmpayisx (excnonenyianvha gaza pocmy bakmepiti), 3 48 200 00 60 200 - 3HUIICEHHS WBUOKOCTT
30LIbUIeHHS KIIMUH K 8 KOHMPOTL, MaK i @ 00CAI0ax, KIIbKICmb KAIMUH 3a1UUAEmsCs Maldice Ha NOCMIHOMY
pisHi (cmayionapHa ¢asa pocmy baxkmepiti), nicisi 60 200 - 3meHwenHs KITbKocmi KaimuH ((aza ioMuparisi).
Ilpomscom Kynemuey8ants iOMIHAEMbCsL 3AKUCIEHHS JHCUBUTLHO20 CEPEO0SUWA 8 PE3VIbMANI YMEOPEHHS 3 8)-
211e600i8 MOIOYHOI KUCIOMU Ma THWMUX KIHYesux Memadonimie;, moomo 000aHHs KOMNOHEHMIE 0eujo niosuuyye
OioXiMiuHUL NOMeHYIan MIKPOOP2aHiZMi6, NPO ye C8I0YUMb HAPOULY8AHHS DIOMACU MA KUCIOMHO20 NOMEHYIATY.
Hesgaocarouu na siocymuicms cymmegoi piznuyi misie 0OOHIEI cepicto 00Caiois i3 PisHUM 6MICOM GIMAMIHIS,
HaUOIIbWUll NPUPicm KitbKOCMi HCUMMEIOAMHUX KIIMUH CROCMEPI2aioch Npu 8Upousy8anHi iz eimaminom BS
(ceped obpanux konyenmpayii npu oooasanti 1 %) ma nposimaminom BS (npu konyenmpayii 2,5 %).
Bucnoeku. Obpani npebiomuyni KOMNOHeHMU ONMUMATbHI OJis1 GUKOPUCMANHS PA30M i3 JaKmobaxmepiamu y
CKAa0i 0OHI€l nikapcvkoi gopmu, wo pospobrioemvcs. Hessaxcarouu na supasicenutl cunepeizm 0ii 0ns cepiil
odocnidis i3 eimaminom BS5 ma /[-nanmenonom, 8ci inuii KOMROHEHMU € MAKOIC NePCHEeKMUBHUMU Yepe3 8i0CYm-
HICMb He2amu8HO20 BNIUBY HA NAKMObAKmepii ma HU3Ky NO3UMUBHUX eqheKmis Ha WKIPY TH0OUHU

Knrouosi cnosa: raxmobakmepii, npobiomuxu, npebiomuxu, MiKpoOiom WKIpu, 0epmMamono2iuti 3aX60PIO6anHsl,

JUKYBANbHO-NPOPINAKMuyHULL 3aCi6

Copyright © 2020, A. Soloviova, O. Kaliuzhnaia, L. Strelnikov.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0).

1. Introduction

Skin has great importance in the life of the body,
performs a number of vital functions, the main of them —
protective, which are carried out due to its biological
properties. Protective functions due to the integrity of the
skin, dense stratum corneum, exfoliation, acidic skin
reaction, water-lipid membrane with pH - 4,5-5,5 (pro-
tection against microorganisms), the presence and struc-
ture of the stratum corneum of the epidermis, subcutane-
ous — fatty cell protection) and the glossy layer of the
epidermis (protection against chemicals), etc. [1]. How-
ever, since the completion of Phase 1 of the Human Mi-
crobiome Project, it has become clear that each of us is a
complex "mixture” of microorganisms and human cells
[2]. In the skin, there are not only intercellular interac-
tions, but also complex cooperations between cells and
microorganisms that are on its surface, so the skin can be
considered as a complex and multifunctional organ [3].

Many studies in microbiology, dermatology, and
genetic studies have made it possible to describe in detail
the composition of the skin microbiome. In 2009,

E. Grice and co-authors in the skin microbiome of a
healthy adult identified 19 major groups of microorgan-
isms with prevalent Actinobacteria (52 %), Firmicutes
(24 %), Proteobacteria (17 %) and Bacteroidetes (7 %)
[4]. Microorganisms such as Staphylococcus, Propioni-
bacterium and Corynebacterium are most commonly
detected, a lesser extent are present Micrococcus, Strep-
tococcus, Brevibacterium, Acinetobacterium and Pseu-
domonas [5, 6]. The composition of the microbiome
depends on the sex and age, features of climate and geo-
graphical location, nutrition, profession, lifestyle and,
even, features of personal hygiene [7].

In addition, in 2013, R. Gallo, using modern met-
agenomic analysis techniques, not only confirmed the
presence of certain groups of microorganisms on the skin
surface, but also in the stratum of epidermis, under the
basement membrane, and down to the fat stratum under
the dermis [8].

Skin microflora plays an important role in main-
taining homeostasis and local immunity, protecting
against pathogenic bacteria, and developing an adaptive
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immune response. Disorders of the skin microbiome lead
to the development of various dermatoses. Thus, infor-
mation on the topographic diversity of the microbiome
composition of different skin areas in normal and in
pathology is used to determine the pathogenesis of acne,
seborrheic dermatitis, rosacea (in the field of sebaceous
glands), psoriasis (areas of dry skin), atopic dermatitis
(skin areas with high humidity) [3]. In addition, many
scientists have shown the dependence of the skin micro-
biome on the microenvironmental situation in other bio-
topes, especially in the intestinal [1].

In modern dermatology, skin diseases are defined
not only as pathological processes in the skin, but more
often as changes that occur in the internal organs, nerv-
ous system, metabolism, homeostasis, etc., which affect
the skin [1]. In this regard, skin diseases should be pre-
scribed with general treatment aimed at eliminating or
correcting the etiopathogenetic factors of the disease,
taking into account the need to restore or maintain the
skin microbiome.

Non-specific active stimulating and adaptive
stimulating immunotherapy agents are widely prescribed
for the treatment of dermatoses [1]. And because of the
clear relations between the microorganisms and the fac-
tors that cause the innate and adaptive immune response
in the skin in normal and pathology, the use of probiotic
bacteria, even which are not necessarily representatives
of the skin microbiome, such as lactobacilli, which
actively stimulate immunity, even with short-term con-
tact with cells of the macroorganism, is promising in
the treatment of dermatological diseases. Despite the
fact that lactobacilli do not live on the skin, they cope
well with "repair and restoration work" on the hydro-
lipid layer of the skin. Therefore, Lactobacillus planta-
rum probiotic applications in acne patients have re-
duced the number of inflammatory and non-
inflammatory elements [9].

In the treatment of patients with infectious derma-
toses used antibiotics (penicillins, cephalosporins, macro-
lides, tetracyclines), which, in turn, further disrupt the
natural microbiome of the skin [1]. Nevertheless, the
presence of an antimicrobial component in complex
therapy is desirable, and the high metabolic activity of
lactobacilli with the formation of lactic acid, lysozyme,
hydrogen peroxide, lactacin, short-chain fatty acids,
histamines, etc., again, confirms the prospect of the use
of lactobacilli [10]. Such studies should also take into
account the pH values in norm and skin pathologies. The
necessity of reducing the pH in acne from 7 to 4.5 - 5.5
[1] causes the prospect of using lactobacilli, among their
metabolites is lactic acid up to 70 % [10].

In many skin diseases, vitamin therapy is pre-
scribed, most often B vitamins: B1, B2, B5, B6, B12,
vitamins PP, A, E, C, and the use of vitamins together
with probiotic cultures is rational, because lactobacilli
are very demanding for food sources and require for the
development of various growth factors: aminoacids,
vitamins, nucleotides [11].

The aim of the study was to select the most op-
timal prebiotic components, for bacteria of the genus
Lactobacillus for their combined usage in the composi-
tion of a soft complex dermatological therapeutic and
preventive medicine with a probiotic.
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2. Planning (methodology) of the research

To achieve the aim it was necessary to solve the
following problems:

— to analyse the properties, growth characteristics,
cultivation conditions of production lactobacillus strains;

— to evaluate the potential prebiotic substances as
components of a complex dermatological therapeutic and
preventive medicine with a probiotic;

—to carry out a combined cultivation of produc-
tion lactobacillus strains with selected components;

—to determine the effect of the selected compo-
nents on the growth and metabolic activity of production
lactobacillus strains.

3. Materials and methods

As a probiotic component for the study was se-
lected standard for many human microbiome strain of
bacteria of the genus Lactobacillus - non-pathogenic,
non-toxic, gram-positive enzymatic microorganisms with
the ability to produce lactic acid from carbohydrates and
certain bactericidal and biologically active substances
[12], that is the famous production strain of L. plantarum
UCM - 2693, obtained from the collection of the
D. K. Zabolotny Institute of Microbiology and Virology.
As the active components were selected: vitamins of
group B, which, according to the literature, not only have
a positive effect on the growth of lactic acid bacteria,
showing synergism with probiotics, but also belong to
the group of "skin" vitamins. They used as dermatopro-
tectants through their regenerating, anti-inflammatory,
reparative action; D-panthenol — provitamin B5, known
for its anti-inflammatory and healing properties; a com-
plex of milk proteins (containing vitamin B6 and H and
aminoacids), which normalizes the sebaceous glands,
reduces the high level of skin fat, regulates the process of
keratinization; a-lipoic acid (thioctic acid, so-called "vit-
amin antioxidant"), which has antioxidant, protective and
moderate anti-inflammatory action.

Analysing the existing topical preparations, the
appropriate concentrations were selected starting from
the lowest: pyridoxine hydrochloride, vitamin B6 - from
0.1 to 0.5 %; calcium D-pantothenate, vitamin B5 — from
1 to 5 %; D-panthenol, provitamin B5 — from 1 to 5 %;
methylcobalamin, vitamin B12 — from 0.5 to 1 %; milk
protein complex — from 1 to 5 %; a-lipoic acid — from 2
to 5 %.

In order to use these components together in a
dosage form, a co-cultivation of a probiotic strain was
carried out in a liquid MRS nutrient medium with a cer-
tain active ingredient at the selected concentrations. The
water-insoluble ingredient (a-lipoic acid) was emulsified
with tween-80, which, in addition to its emulsifying
properties, is a source of fatty acids necessary for the
metabolism of lactobacilli [13] and has shown high sur-
vival rates for lactobacilli [14]. The seeding dose of the
microorganisms was 1-10® colony forming units in 1 ml
(CFU/ml). The cultivation was carried out at a tempera-
ture of 37 °C under microaerophilic conditions for
72 hours.

Throughout the cultivation cycle, growing culture
samples were taken at specific intervals to determine
bacterial concentration by direct sowing and acidity de-
termination. Control was an environment with pure cul-
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ture. According to the obtained data, graphs were con-
structed in natural and semi-logarithmic coordinates. If
the number of cells of lactobacilli in the sample with the
active ingredient was at the level with the control, it
indicated the possibility of using this component in one
dosage form, if higher than the control — the presence of
synergism, if lower — inhibition of lactobacilli growth
and their incompatibility in one dosage form.

4. Research results

As part of the complex dermatological therapeutic
and preventive medicine which is being developed, it is
planned to use the complex of known production strains

9.8

of L. plantarum B-2693 and L. fermentum B-7052 for the
full realization of the biological potential of lactobacilli.
However, the rationality of the use of the method of
separate cultivation in obtaining a complex probiotic has
been proved [15], so the study of the possibility of using
the selected ingredients was carried out on monocultures
of production strains. This work presents the results of a
study to determine the possibility of sharing selected
prebiotic components with a strain of L. plantarum B-
2693.

The diagram in semi-logarithmic coordinates for
L. plantarum with pyridoxine hydrochloride in concen-
tration 0.1 %, 0.25 %, 0.5 % is presented in Fig. 1.
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Fig. 1. Growth dynamics of L. plantarum B-2693 in co-cultivation with pyridoxine hydrochloride

During the first 48 h of cultivation, an exponential
phase of bacterial growth was observed for each of the
experiments. The number of viable lactobacilli cells was
significantly increased, both in control and with the addi-
tion of vitamins at selected concentrations. Thus, for
control of L. plantarum, cell number increase occurred
from (1.15+0.08)-10° CFU/mI (Lg — 8.06) at 6 h of culti-
vation to (3.86+0.24)-10° CFU/mI (Lg — 9.59) at 48 h of
cultivation. For example, in the case of L. plantarum
+ 0.5 % B6 at 6 h of cultivation, the number of viable
cells was (1.15+0,05)-10° CFU/ml (Lg — 8.06), at
48 h — (3.87+0.21)-10° CFU/mI (Lg — 9.59).

However, when comparing the results of the ex-
periments with the addition of vitamin and in the control,
it is possible to notice not a significant increase in the
number of viable cells of lactobacilli, or no influence
when adding vitamins at the selected concentrations. By
48 h of cultivation, the logarithm of the number of cells
reached 9.59, both for control of L. plantarum and with
added 0.1 % B6, 0.25 % B6, 0.5 % B6.

From 48 h to 60 h of cultivation there is a de-
crease in the rate of increase of viable cells both in con-
trol and with the addition of vitamins at selected concen-
trations, the number of cells remains almost constant.
Thus, to control:

— at 54h the
(4.01£0.15)-10° CFU/m,

— at60h—(3.95+0.05)-10° CFU/m.

That is, a stationary phase of bacterial growth is
observed, when the lack of nutritional components for
growth because of glucose utilization and the use of other
food components and growth factors, including vitamins
at selected concentrations, becomes noticeable.

After 60 h of cultivation there is a decrease in the
number of viable cells (logarithmic death phase). To
control at 60 h, the cell count is (3.95+0.05)-10° CFU/ml,
which is reduced to (2.74+0.15)-10° CFU/ml to 72 h.

The results of the next series of experiments with
the addition of calcium pantothenate in concentrations of
1%, 2.5 %, 5 % are shown in Fig. 2.

number of cells was
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Fig. 2. Dynamics of growth of L. plantarum B-2693 in co-cultivation with calcium pantothenate

In accordance with Fig. 2, the general tendency of
growth of lactobacilli during the period of cultivation is
similar to the previous results: up to 48 h there is an
exponential phase growth, from 48 h to 60 h of cultiva-
tion — a stationary phase growth, from 60 hto 72 h — a
death phase.

However, for all measurement points, co-culturing
of lactobacilli with vitamin B5 showed an increase in
viable cells already at 1 % of the vitamin (for example,
the result for the point 48 h was equal
(4.65+0.11)10° CFU/ml) compared to the control
(at 48 h — (3.86+0.24)-10° CFU/ml), and with the addi-
tion of 2.5 % and 5 %, no statistically significant differ-
ence from 1 % was observed (at the same point at 2.5 %
BS5 cell count was (4.65£0.13)-10° CFU/ml, at 5 % B5 —
(4.66+0.15)-10° CFU/mI). Of course, vitamin B5 is a

growth factor for lactobacilli, but glucose is the main
nutritional component, so when it is deficient, even in-
creasing the concentration of vitamins does not lead to
increase in the number of cells. This may explain in this
case the absence of a significant difference when increas-
ing the amount of vitamin.

The results of a series of experiments with the ad-
dition of provitamin B5 D-panthenol at concentrations of
1 %, 2.5 % and 5 % to the nutrient medium are presented
in Fig. 3. The general tendency of accumulation of lacto-
bacilli biomass with the addition of this active ingredient
is similar to the previous one, so it was interesting to
consider the dynamics of lactobacilli growth in the form
of more obvious curves of lactobacilli growth (in all
other series of experiments the curves were superim-
posed on each other, that prevented clarity).
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Fig. 3. Growth dynamics of L. plantarum B-2693 co-cultivated with D-panthenol
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In co-cultivation of lactobacilli with D-panthenol,
there was a slight increase in viable cells with 1 % pro-
vitamin  (results at 48 h were equal to
(3.90£0.12)-10° CFU/ml) and a significant increase with
25 % (results for the same point were
(4.66+0.13)-10° CFU/ml) and 5 % (results for the same
point were (4.70+0.26)-10° CFU/ml), and between them
were slight differences.

Cultivation of lactobacilli with methylcobalamin
in concentrations of 0.5 %, 0.75 % and 1 % (Fig. 4)
showed a slight positive effect on the increase of lactoba-
cilli biomass with increasing vitamin concentration in the
nutrient medium. Thus, the growth of viable cells ended
by 54 h: to control at this point the cell count was
(4.01£0.15)-10° CFU/ml, when cultured with 0.5 %
Bl12 - (4.10£0.21)-10° CFU/ml, with 0.75 %
B12 - (4.15£0.02)-10° CFU/ml, with 1 %
B12 — (4.05+0.15)-10° CFU/mI.

During cultivation with milk protein complex
(CMP) in concentrations of 1 %, 2.5 %, 5 % (Fig. 5), the
increase in the number of lactobacilli cells is not signifi-

9.8

cant. Nevertheless, unlike cases of cultivation with vita-
mins, the increase in growth rate did not stop at 54 h
observation, and at 48 h, and from 54 h the beginning
of the accelerated death phase is traced, during which
the equilibrium between the stationary phase and the
rate of death of lactobacilli occurs. In addition, at this
point the pH was much lower than for other cases
(Table 1), which may be explained by the stimulation
of milk fermentation of a complex of vitamins and
amino acids with the formation of more lactic acid
than in other cases.

Cultivation of lactobacilli with a-lipoic acid (LA)
at concentrations of 2 %, 3.5 % and 5 % (Fig. 6) com-
pared to control, has no significant effect on lactobacilli,
which may be explained by the fact that lipoate plays a
role of coenzyme in oxygen metabolism, especially in
pyruvate dehydrogenase complex, irrelevant for the me-
tabolism of lactobacilli.

In parallel for all series of experiments throughout
the cycle of cultivation, determination of the acidity of
the culture fluid was performed (Table 1).
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Fig. 4. Growth dynamics of L. plantarum B-2693 co-cultivated with methylcobalamin
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Fig. 5. Growth dynamics of L. plantarum B-2693 co-cultivation with milk protein complex (CMP)
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Fig. 6. Growth dynamics of L. plantarum B-2693 co-cultivation with a-lipoic acid (LA)

Table 1
pH values in the culture fluid of L. plantarum B-2693 during cultivation with active ingredients

Culti- pH*

vation Control 0.1 % B6 1 % B5 pzégtmr%l 1%CMP | 05%BI2 | 2%LA
6 6.5 6.5 6.5 6.4 6.4 6.5 6.5
12 6.4 6.3 6.2 6.2 6.2 6.3 6.3
18 6.2 6.2 6.2 6.1 6.1 6.2 6.1
24 5.3 5.2 51 5.0 5.0 5.2 5.2
30 4.9 4.8 4.6 4.6 4.7 4.9 4.8
36 4.8 4.8 4.5 4.4 4.5 4.8 4.7
42 4.7 4.7 44 4.3 4.4 4.7 4.6
48 4.5 4.5 4.2 4.2 4.0 4.5 4.4
54 4.3 4.3 4.2 4.1 4.0 4.3 4.3
60 4.2 4.2 4.1 4.1 3.9 4.2 4.2
66 4.0 4.0 4.1 4.0 3.9 4.1 4.0
72 4.0 4.0 4.0 3.9 3.9 4.0 4.0

Note: #— data for cultivation with active ingredients at concentrations proposed as promising in the dosage form

According to the results of Tab. 1, we observe a
general trend of decreasing pH from 6.4 — 6.5t0 3.9 - 4.0
during 72 h, which is due to the utilization of glucose in
the process of cultivation of lactobacilli, which is a part
of the nutrient medium, and the formation of metabolic
products in the first turn lactic acid. This will have an
overall positive effect on the dynamics of dermatological
diseases not only due to the need to reduce pH of the
skin, but also due to the antimicrobial action of substanc-
es formed during the metabolism of lactobacilli.

5. Discussion of research results

It is known that the growth and metabolic func-
tions of lactobacilli are related to the so-called growth
factors. For lactobacilli growth factors are vitamins,
especially group B, and similar to vitamins substances
[12]. That is why, choosing the optimal conditions for
lactobacilli has one of the requirements - sufficient con-
tent of vitamins in the nutrient medium, but similar stud-
ies use multi-constituent components of the nutrient
medium that are a mixture of undetermined substances
rather than individual substances [16, 17].

The results of our experiments made it possible to
distinguish the following general trends of the bacterial
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population growth curve for the series of experiments with
L. plantarum B-2693 combined with growth factors - vita-
mins and vitamin-like substances at selected concentrations.
During 48 h of cultivation, there is a significant increase in
viable lactobacilli cells, both in control and with the addition
of vitamins at selected concentrations (exponential bacterial
growth phase). From 48 h to 60 h of cultivation there is a
decrease in the rate of increase of viable cells both in control
and with the addition of vitamins at selected concentrations,
the number of cells remains almost constant (stationary
phase of bacterial growth - lack of nutrients for growth as a
result of glucose utilization and use other nutrients and
growth factors). After 60 h there is a decrease in the number
of viable cells (logarithmic dying phase).

During cultivation, acidification of the nutrient
medium pH from 6.4 — 6.5 to 3.9 — 4.0 was observed as a
result of the formation of lactic acid from carbohydrates
(up to 85 % or more) and other terminal metabolites; that
is, the addition of growth factors slightly increases the
biochemical potential of microorganisms, as evidenced
by the increase in biomass and acid potential.

Although there is no significant difference be-
tween one series of experiments with different vitamins,
it can be noted that the largest increase in viable cells
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was observed when grown with vitamin B5 (among se-
lected concentrations — 1 %) and provitamin B5 (2.5 %).

Study limitations. Study reflects only the possi-
bility of joint using of selected substances with lactoba-
cilli in concentrations, the choice of which is based on
their use in the composition of dermatological prepara-
tions, and not the stimulation of lactobacilli during their
cultivation for other purposes.

Prospects for further research. According to the
results of the studies, it is planned to carry out further re-
searches to study the technological and pharmacological
properties of active components for selecting the most opti-
mal for the composition of the complex dermatological
therapeutic and preventive medicine with probiotic.

6. Conclusions

Thus, according to the defining of microbiological
parameters it is possible to state the prospect of using select-
ed prebiotic components with lactobacilli in the composition

of one dosage form that is being developed. Despite the
pronounced synergism of action for the vitamin B5 and D-
panthenol series of experiments, all other components are
also promising due to the lack of negative effects on lacto-
bacilli and a number of positive effects on human skin.

From the selected concentrations studied, from the
economic point of view it is possible to stay at the mini-
mum: for vitamins B6 — 0.1 %, B5 — 1 %, B12 — 0.5 %, for
D-panthenol — 2.5 %, for milk proteins complex — 1 %, for
a-lipoic acid — 2 %. Minimum concentration is possible due
to the planning of the use of several prebiotic components,
but the final selection of the active components in the com-
position of the dermatological medicine with a probiotic is
possible in the following defining of pharmacological and
technological parameters.
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