Probiotics: Benefits on Skin Health and Therapeutical
Potential

Stavrakidis, Konstantin Karl Stergios

Master's thesis / Diplomski rad
2024

Degree Grantor / Ustanova koja je dodijelila akademski / strucni stupanj: University of
Rijeka, Faculty of Medicine / Sveuciliste u Rijeci, Medicinski fakultet

Permanent link / Trajna poveznica: https://urn.nsk.hr/urn:nbn:hr:184:447798

Rights / Prava: In copyright /Zasti¢eno autorskim pravom.

Download date / Datum preuzimanja: 2025-01-31

(MED(|

Repository / Repozitorij:

Repository of the University of Rijeka, Faculty of
Medicine - FMRI Repository

UN (] 2siaxa aopar

Z i r. n 5 k. h r DIGITALNI AKADEMSKI ARHIVI I REPOZITORILII



https://urn.nsk.hr/urn:nbn:hr:184:447798
http://rightsstatements.org/vocab/InC/1.0/
http://rightsstatements.org/vocab/InC/1.0/
https://repository.medri.uniri.hr
https://repository.medri.uniri.hr
https://zir.nsk.hr/islandora/object/medri:8712
https://www.unirepository.svkri.uniri.hr/islandora/object/medri:8712
https://dabar.srce.hr/islandora/object/medri:8712

UNIVERSITY OF RIJEKA
FACULTY OF MEDICINE

UNIVERSITY INTEGRATED UNDERGRADUATE AND GRADUATE STUDY OF
MEDICINE IN ENGLISH LANGUAGE

Konstantin Karl Stergios Stavrakidis

PROBIOTICS: BENEFITS ON SKIN HEALTH AND THERAPEUTIC POTENTIAL

GRADUATION THESIS

Rijeka, 2024



UNIVERSITY OF RIJEKA
FACULTY OF MEDICINE

UNIVERSITY INTEGRATED UNDERGRADUATE AND GRADUATE STUDY OF
MEDICINE IN ENGLISH LANGUAGE

Konstantin Karl Stergios Stavrakidis

PROBIOTICS: BENEFITS ON SKIN HEALTH AND THERAPEUTIC POTENTIAL

GRADUATION THESIS

Rijeka, 2024



Thesis mentor: Associate Professor Lara Bati¢i¢, PhD

The graduation thesis was graded on 17/06/2024 in Rijeka, before the Committee composed of
the following members:

1. Assistant Professor Jelena Marinic, PhD (President of the Committee)

2. Associate Professor Dijana Detel, MD, PhD

3. Professor Vlatka Sotosek, MD, PhD

The graduation thesis contains 41 pages, 4 figures, 3 tables, 101 references.



TABLE OF CONTENT

1 INTRODUCTION......coiiiiiiunntieeiiiisissnnnnttesiiisssssnnnneessssssssssssssessssssssssssssessssssssssssssssssssssssssssassssssssssssssassssssssns 1
2 AIMS AND OBJECTIVES .....cccoisiunniierniiesssnnnnneensissssssssnseessssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 4
3 LITERATURE REVIEW .....ucuiiiiiiiiiiinnnniiiiiiiisiinnnnieeiiiinsssmiieesiinimssmsteesiiissssssseessissssssssssssssssssssssssssssssssss 5
3.1 PROBIOTICS ..teeeitiitiie ettt ettt e e et b et e e e ettt bbb e e s e e e e bbb s e e e e et bbb s s e e e s eaanbaan s 5
3.1.1 HiSEOIICAI OVEIVIBW .........cooviiiiiiiiiiiiiie ettt 5
3.1.2. LY RNl ad ] 2] oL Lo PPNt 7
3.1.2.1. INFEFODOCEEN ...ttt ettt ettt s et e s et et e e ae e et e et e e ssbeessneeneeeneesnneenane 8
3.1.2.2. LOCLODACIIIUS ...ttt ettt et ettt e et e s b e e saneenbeeeneesneenane 8
3.1.2.3. BIfIdODACEEIIUM ..ottt ettt ettt s bt e e s bt e e sttt e e sttt e e sabbteessbaeessbeeesnsbaeesnres 9
3.1.3. MECRANISIN Of ACHION ... nnssansnnsnnnnnsnnnan 9
3.1.3.1. [EaaTaa L0 TaTe] oY= ol o7 14 NV T PR PRPPRPPPPRN 9
3.1.3.2. Y13 ] ool 1 =R =Y i o 1V 1 PSPPSR PPPPPPPON 10
3.1.3.3. NeUroeNdOCIING PAatiWaY ........uuuiiiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeaeeeeeaeaeeeeeeeseeeeasaeaeeeaereaaaesaearasesserraarraraaa—.. 11
3.1.4. GUE-SKIN QXIS CONNECHTION ...ttt esnnee e 12
3.1.4.1. Oxidative Stress Level DECreases..........coouiiiiiiiiiiiiiiiic it 13
3.1.4.2. INflammatory RESPONSE SUPPIESSION.....cccuirrieeeeeieiiitreeeeeeeeettrereeeeeeeitsrraeeeeeeesnsrsaeeeeesssssreseeeesnnnnes 14
3.1.4.3. Immune Homeostasis MaiNtainiNg ........couuuuuiiiniiiiiiiiiie et eeeriiies e e eeeeaarie e e e eeesaranseeeeaessssnnnnns 14
3.1.4.4. ECM REMOAEIING SUPPIESSION ....vviiiiiiiiiriiiiiititrttttrtrrererreeeaareeerereeee—ee—a—.—..—..—————————————.—.........——.——————— 15

3.1.5 Types of Microbial Ingredients in Topical and Orally Administered Formulations............................. 16
3.1.6 Regulatory Aspects Of ProbioticS in SKINCAIe...............ceueeeeeveeeeeeeeeiiieiieeeieieieeeseeeseeesssssssssssssssssssssnnns 17
3.2 BENEFITS ON SKIN HEALTH 1.uvvuuuruuuunnrnnsssnssssssssssssssisssesssassssasasassssssssasasss s 18
3.2.1. COSIMIELICS ...ttt ettt ettt e ettt e e e s sttt e e e s e snneeeeees 18
3.2.1.1. SKIN WHIEING .ttt st e s e e st e e s sabt e e s sabaeessabaeeeaes 18
3.2.1.2. SKIN MOISTURIZATION ..ttt et s e e s bb e e s eessabaeessnbaeesans 19
3.2.1.3. ) Lol =T T g LT a1 A=Y -4 1 42U PPP R PRPRPPPP 19
3.2.2. YAV o ki ot T =1 o PPNt 20
3.2.2.1. ANti-ChronolOGICal ABING.....c..vviiiiiii it e e et e e e s s st breeeeeesssabbnreeeeesennnnnneees 20
3.2.2.2. ANTPROLOAGING ..ttt e sttt e st e st e s rae s 21
3.2.3. ANGWINKIC .ot ettt ettt e 21
3.3. THERAPEUTIC POTENTIAL . ttttttuieeeeeeetutuuuaeeeeetussuaaeeeeeeasannaaaeeeeeesssaaaaaaeeeenssnnaaaeeeeenesnnnsaeeesennsnnnnsnns 22
3.3.1 Wound healing QNd SCAITING ...............uuuuuuuuuuuuiiieieiiieeieeeestessssssses s ssssssessssssssssssssaaes 22
3.3.2.  Treatment of diseases Affecting the SKiN .................euueeeeeeeeeeeeeeeeeieeieeeeeeeieeeeeseeeesssessessssssssssssssnns 25
3.3.2.1. Xl 1= TSP PP PPPPPTTPPPINN 27
3.3.2.2. PN doTo]Tole [T aaF=1 nkn Y 1A ) USSR 29
3.3.2.3. PSOFIASIS ettt e e e e e s e e e e e e e e r e e e e e e rareeeeeeeaanee 29
3.3.2.4. Y=Y ool g g V=T ol D I=Y g a TN w N Y ) 30
3.3.2.5. (e LY (ol 1P ST PPPP PPN 31



3.3.2.6. Y Lo o =T o - S PRSSSRNY 31

100 11 00 LU 1 [0 33
SUMMARY ....oueiiiiiititiinntiiieiteisettsisetesssastesssassssssasssssssanssssssassessssssesssssssessssansessssasssssssasesssssnsasssnans 34
LITERATURE...... ettt ittt san s s s s s an e e s a s e s s s a s e s s s s n e e s s s s an e sessanaesassaneessssanansans 35

CURRICULUM VITAE ....ueeiiiiietirieinteiisianieisssntesssssesissastssssssssssssssssssssssesssssssessssssssssssssesssssssessssssssssssnsens 47



List of abbreviations and acronyms

AD
AGA
AMPs
AP-1

C. acnes
GI

IgG

IL
JNK/AP-1
LHMW
LsR

LR
MAPK
MMP-1
MMPs
M. restricta
NO
NOS
p-ERK
PFS
gPCR
ROS

SA-B-galactosidase

SCFAs
SD

SH
sLTA
SLS

S. geniculata

Atopic Dermatitis

Androgenetic Alopecia

Antimicrobial Peptides

Activator Protein 1

Cutibacterium acnes (formerly Propionibacterium acnes)
Gastrointestinal

Immunoglobulin G

Interleukin

c-Jun N-terminal kinase/Activator Protein 1
Lactobacillus helveticus-fermented milk whey
Lindera strychnifolia root extract
Lactobacillus rhamnosus

Mitogen-Activated Protein Kinase

Matrix Metalloproteinase- 1

Matrix Metalloproteinases

Malassezia restricta

nitric oxide

nitric oxide synthase

phosphorylated form of extracellular signal-regulated kinase
post-finasteride syndrome

Quantitative Polymerase Chain Reaction
reactive oxygen species
Senescence-Associated Beta-Galactosidase
Short-chain fatty acids

seborrheic dermatitis

Sphingomonas hydrophobicum

sakei Lipoteichoic Acid

sodium dodecyl sulfate

Streptomyces geniculatus



TEWL
TLR2
TNF
Tregs
uv

Trans Epidermal Water Loss
Toll-like receptor 2

Tumor Necrosis Factor
regulatory T cells

Ultraviolet



1 Introduction

Skin accounts for a substantial proportion of adult body weight and surface area. Its role
is to serve as a mechanical barrier against microorganisms that can cause diseases and harmful
substances. Its functions extend to prevent the loss of water, the regulation of heat, structural
support, and the synthesis of vitamins, all vital for maintaining health (1,2).

The pursuit of beauty and effective skin treatment is ongoing, with challenges arising
from both external and internal factors. While many cosmetic products contain potentially
harmful chemicals, herbal medicine extracts, though used, sometimes fail to meet quality and
efficacy expectations. This underscores the need for reliable and efficient skin treatment
ingredients. Probiotics have proven to be a potential solution for this, offering potential benefits
with minimal toxicity (3).

This thesis examines probiotics and their use in skin care, including whitening, anti-
aging, moisturizing, anti-wrinkle treatments, and the elimination of body odor, providing a basis
for their future application. The application of probiotics in topical treatments started in the
early 20th century, with recent years witnessing a surge in such products. However, challenges
remain in their formulation and regulatory approval (4).

This paper also considers the role of probiotics that are taken orally, in the treatment of
skin disorders, given their interaction with intestinal homeostasis and subsequent impact on
skin conditions. This approach aims to offer possible solutions and clinical insights for effective

skin treatments (5).
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Figure 1. The impact of probiotics on the body (6).

Probiotics have a substantial favorable impact on the body. A lack of sufficient
probiotics can lead to several health problems, including digestive issues, diarrhea, increased
body fat, elevated blood lipids, infections in the reproductive system, a higher susceptibility to
allergies, and poor skin health (illustrated in Figure 1 on the left side). Conversely, when the
body has an adequate supply of probiotics, it experiences numerous benefits: enhanced
digestion, alleviated diarrhea, reduced body fat, balanced blood lipids, protection against
infections in the reproductive system, a lower risk of allergies, and improved skin health,

including better skin hydration and care (illustrated in Figure 1 on the right side).

If we take a closer look at the skin care use of probiotics, we can see in Table 1 that there

are already numerous probiotic products on the market.



Table 1. Cosmetic products marketed as probiotics as percentage of type of product (4).

PRODUCT TYPE PROPORTION OF PRODUCTS
Cream 24%
Serum 16%
Mask 12%

Exfoliant 10%
Gel 10%
Cleanser 10%
Foundation 6%
Balm 4%
Soap bar 4%
Primer 2%
Deodorant 2%

These cosmetic products are promoted as probiotics. The percentage describes how many products of

the type of product are promoted as probiotics. This information is based on data from 50 products that

are being promoted by leading cosmetic retailers.



2 Aims and objectives

This review paper focuses on understanding the mechanisms by which probiotics affect
skin health and their therapeutic potential for skin diseases. It delves into the interaction
between probiotics and the skin microbiome, assessing how these interactions improve skin
health and function. The paper also evaluates the effectiveness of probiotics in treating various
skin conditions, emphasizing their role in inflammation modulation and antimicrobial defense.
Furthermore, it explores the biological pathways and molecular mechanisms behind probiotics'
influence on the skin. The goal is to offer a condensed yet comprehensive overview of
probiotics in dermatology, highlighting their importance in current treatments and potential

future applications.



3 Literature review

3.1 Probiotics

3.1.1. Historical overview

German scientist Werner Kollath first coined the word “probiotic,” blending Latin and
Greek roots to mean “for life” in 1953, to describe substances crucial for healthy life
development. Later, in 1965, Lilly and Stillwell used it differently, signifying that one organism
secreted substances to promote the growth of another. In 1992, Fuller refined this definition,
describing probiotics as live microbial supplements that improve the microbial balance of the
intestine and by that beneficially affecting the host (7,8).

The modern history of probiotics started in the early 1900s with Nobel Prize winner Elie
Metchnikoff's pioneering work at the Pasteur Institute in Paris. Metchnikoff found a connection
between the longevity of the rural population in Bulgaria to their often intake of fermented dairy
products, like yogurt, which he connected to the Bulgarian bacillus, identified by Bulgarian
physician Stamen Grigorov. Metchnikoff advised that lactobacilli could combat decay in the
digestive tract, contributing to illness and aging. His work laid the groundwork for France's
dairy industry, using fermented milk from Bacillus bulgaricus. By 2013, a consensus among
experts stated that probiotics are live microorganisms that, when given in sufficient quantities,
provide health benefits to the host.

The concept of probiotics, however, is as ancient as human civilization, intimately tied
to the history of fermented foods. As early as 10,000 years ago, with the advent of farming,
humans began producing fermented foods and beverages. This practice was evident among
various ancient civilizations, including the Sumerians, who developed animal husbandry, and
the ancient Indians, whose Ayurvedic texts associated dairy consumption with health and
longevity. The earliest visual evidence of milking dates back to 3100 BC in Ur, Mesopotamia.
The ancient Egyptians and Phoenicians also practiced milk fermentation, utilizing bacteria
similar to today’s acidophilus and bulgaricus.

Fermentation, a method of food preservation and flavor enhancement, has been a
universal practice, with evidence of fermented beverage production as early as 7000 BC in
China and 5000 BC in Mesopotamia. From Asia’s rice-based drinks to the fruit wines of Egypt

and Mesopotamia, each civilization developed unique fermented products. The use of



fermented milk products, mentioned in sacred Hindu texts and the Bible, was widespread across
cultures, with Hippocrates and Pliny acknowledging their gastrointestinal benefits.

The introduction of dairying marked a significant innovation in early agriculture,
integrating milk and its fermented derivatives like cheese and yogurt into our ancestors' diets.
Nearly every culture developed some form of food fermentation, signifying its importance in
human history.

In modern times, the concept of probiotics and functional foods has evolved, focusing
on foods that extend beyond nutritional value to enhance health and well-being. This
development reflects the ancient understanding of the connection between nutrition and health,
now substantiated by contemporary scientific research exploring the microbiota of the gut and
its function in human diseases. The historical journey of probiotics, from ancient fermentation
practices to their current status in biomedical research, underscores their enduring significance

in human health and nutrition (7).



3.1.2. Types of Probiotics

In Figure 2, the frequency of different probiotic bacteria used in 50 cosmetic products
marketed as probiotics is illustrated, showing the prevalence of specific strains like
Lactobacillus spp., Lactococcus spp, and Bifidobacterium spp. Together with Nitrobacter

spp., lactobacilli and bifidobacteria are most commonly implicated in the regulation of skin

physiology.

A MICROBIAL COMPONENTS

B Bacillus coagulans (2%) B Not stated (10%)

B Lactobacillus bulgaricus (2%) B8 Bifidobacterium (15%)
B Leuconostoc (4%) B Lactococcus (17%)
B Saccharomyces (4%) I Lactobacillus (42%)
B Streptococcus thermophilus (4%)

Figure 2. Frequency in which each probiotic bacteria was used in 50 cosmetic products marketed as

probiotics (4).



3.1.2.1. Nitrobacter

Nitrobacter, a nitrifying bacterium, produces nitrate, which can have benefits for the
host's skin. Studies indicate that consuming nitrate-rich foods, like green leafy vegetables,
yields several positive outcomes. These include improved blood flow to muscles used during
exercise, reduced need for oxygen during exercises, enhanced exercise capacity in individuals
with peripheral arterial diseases, and lowered blood pressure. These effects are primarily
attributed to an increase in nitric oxide (NO) synthesis that does not depend on nitric oxide
synthase (NOS). In healthy individuals, this mechanism is believed to enhance cutaneous reflex
vasodilation through NOS-independent pathways (9). Additionally, Nitrobacter spp. have
demonstrated antifungal properties, providing protection against skin infections caused by
dermatophytes and Staphylococcus aureus (10). The nitrate production capability of
Nitrobacter might also supply the skin with nitrates, a role demonstrated to shield progenitor

cells of the skin against UV-induced harm (11).

3.1.2.2. Lactobacillus

Lactobacillus, a widely recognized genus of lactic acid bacteria, exhibits notable anti-
inflammatory effects on keratinocytes of the host and has been demonstrated to specifically
impede the growth of Staphylococcus epidermidis, in vitro (12,13). Additionally, it helps
suppress inflammatory responses in the skin triggered by substance P and contributes to
enhancing skin barrier functions. Clinical research has demonstrated that a regimen for six
weeks with Lactobacillus johnsonii orally can significantly improve the recovery of skin
immune functions following immunosuppression caused by UV light. In another detailed study,
a double-blind, randomized trial involving adult subjects that was controlled with a placebo
was conducted. Fabroccini et al. (14,15) found that including Lactobacillus rhamnosus in the
treatment regimen helped normalize the activity of insulin-associated genes in the skin, which
contributed to significant improvements in adult acne.

Moreover, a study found out that tyndalized Lactobacillus acidophilus used orally
reduced the formation of wrinkles in mice caused by UV irradiation. These effects are because
of'a decrease in MMPs (Matrix Metalloproteinases). Additionally, an in vitro study by Park and
Bae (16) demonstrated that the combined fermentations of Lactobacillus and Bifidobacterium

with 4. koreanum extract could inhibit the aging phenotype in skin fibroblasts. This aging, often



caused by the exposure to UV or hydrogen peroxide, was partially mitigated through the
modulation of MMP-1 (16).

3.1.2.3. Bifidobacterium

Evidence shows that Bifidobacterium breve B-3 orally significantly reduced Trans
Epidermal Water Loss (TEWL), dry skin, altered epidermal depth, and improved the stability
of the tight junction structure and basement membrane in mice exposed to excessive UV
radiation. This supplementation also reduced the skin's UV-induced IL-1p production (17).

Both Lactobacillus and Bifidobacterium, when used as lyophilized powders in capsules,
reduce sensitivity to food allergens in atopic individuals and lower the occurrence of atopic
eczema during early childhood (18). For adults suffering from atopic dermatitis (AD), oral
supplementation with Bifidobacterium bifidum has demonstrated antipruritic effects, which are
linked to elevated concentrations of the antipruritic and analgesic compound acetonide (19).
Additionally, in a double-blind, placebo-controlled, randomized trial, consuming fermented
milk enriched with galactooligosaccharides and Bifidobacterium breve was shown to maintain
hydration in the stratum corneum, reduce activity of histone-like proteases, and lower phenol

concentrations in both serum and urine among healthy adult female participants (20).

3.1.3. Mechanism of action

3.1.3.1. Immunologic Pathway

Regarding immunity against Staphylococcus aureus, a prevalent bacterial strain
impacting AD, there's a link between the intestine and the skin. Staphylococcus aureus is
frequently present on the skin of AD individuals. Interestingly, a recent study suggests that early
contact with S. aureus, much like other skin strains, might actually help prevent AD in infants
by aiding the development of their immune system. It appears that Staphylococcus aureus
strains present on mucosal surfaces could offer protective benefits through immune stimulation
(21).

Distinct gut microbiota and their common byproducts, like retinoic acid or

polysaccharides from certain bacterial species, are known to encourage the growth of regulatory



T cells (Tregs) and lymphocytes that drive anti-inflammatory responses. Short-chain fatty acids
(SCFAs), particularly butyrate, have a function in regulating immune cell activities (22).

The gut microbiome is gaining recognition for its role in the immune pathways of skin
disorders, with a particular focus on probiotics. Oral probiotics interact with the GI lining and
lymphatic tissues which is associated with the gut, a major site of immune cells. These
probiotics can engage with various cells in the gut in different ways, depending on their strain.
Some stimulate immune responses, producing cytokines like IL-12 and TNF-a, while others
encourage tolerance by triggering anti-inflammatory cytokines like IL-10 and TGF-f (23-25).
This can result in the production of induced Tregs, crucial for maintaining immune balance.
Moreover, variations in the gut microbiome, especially in infants with AD, might influence the
development of immune cell functions, potentially linked to variations in the genetic makeup

of the gut microbiome (26).

3.1.3.2. Metabolite Pathway

Byproducts produced by the intestinal microbiota, like SCFAs, are essential in
connecting the gut and the skin via microbial interactions. SCFAs, particularly those secreted
by gut bacteria like Akkermansia muciniphila, are significant in understanding the development
and progression of AD, linking it to the skin's immune system. Research indicates that certain
fatty acids can alleviate AD symptoms and influence the intestinal microbiota in mice (27).

Additionally, studies on neonatal intestinal microbiota have identified different
subgroups that  contribute to early allergic sensitization (28). One of these subgroups,
associated with multiple allergies, tends to have lower levels of certain beneficial bacteria. An
interesting find is a specific metabolite known for its inflammatory properties, which was
notably present in this subgroup and also found in the protective layer coating newborns' skin.
These findings hint at a complex metabolite pathway connecting the gut and skin, suggesting a

deeper interplay between our internal and external environments (21).

10



3.1.3.3. Neuroendocrine Pathway

Similar to the skin, the gastrointestinal (GI) tract lining comes into direct contact with
external factors such as food and microbes. Both the skin and the intestines are vital in stopping
pathogenic bacteria from entering the body. Microorganisms residing in these organs are
essential for this protective function, as they help eliminate pathogens through immune
responses. Maintaining a balanced microbiota in both areas is key to good health. Moreover,
the skin and gut microbiomes can communicate with each other through neuroendocrine
signals, which can be either direct or indirect (21).

For instance, in a patient with AD, tryptophan produced by gut microbes can lead to
itching skin, representing a direct interaction. On the other hand, substances like y-aminobutyric
acid, secreted by Bifidobacterium and Lactobacillus in the gut, can help reduce itchy skin (29).

Gut microbes indirectly influence systemic functions by modulating levels of cytokines
in the bloodstream, such as interleukin-10 and interferon-gamma, potentially affecting
cognitive processes and leading to symptoms of anxiety and stress (21). Cortisol, the hormone
released in response to stress, has the ability to alter the intestinal lining’s integrity and its
permeability by modifying the gut microbiota's composition (30). Furthermore, it can impact
the concentration of certain neuroendocrine molecules circulating in the blood, including
tryptamine and serotonin, which can subsequently improve both skin barrier function and

immunological responses (31).

11



3.1.4. Gut-skin axis connection
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Figure 3. Processes of communication within the gut-skin axis (32).
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Figure 3 illustrates the processes of communication within the gut-skin axis, highlighting how
changes in the gut microbiota affect skin health. It shows that a balanced microbiome supports
a healthy skin state by maintaining adequate antimicrobial peptides (AMPs) and immune
balance. Conversely, gut dysbiosis can result in skin inflammation and diseases like psoriasis,
rosacea, and eczema by disrupting immune responses and skin barrier functions. This
interaction emphasizes the role of gut microbes in producing toxins and neurotransmitters that
negatively influence skin condition. Overall, Figure 3 suggests that maintaining gut health is

crucial for preventing and managing skin disorders.

12



3.1.4.1. Oxidative Stress Level Decreases

Skin photoaging is closely linked to oxidative stress, primarily driven by reactive
oxygen species (ROS). This process involves the activation of specific cellular pathways and a
reduction in matrix metalloproteinases (MMPs) and collagen, all contributing to the aging of
the skin. Research has explored how probiotics can counteract these effects. For instance, using
a Lactobacillus-fermented extract of Agastache rugosa topically has shown potential in
reducing UV-induced ROS and MMP levels in skin cells, while increasing antioxidant activities
like total glutathione and superoxide dismutase (33).

Additionally, certain strains of Lactobacillus, such as Lactobacillus acidophilus
topically, have demonstrated strong antioxidant properties, effectively reducing ROS levels in
skin cells exposed to UV light and mitigating oxidative damage. These strains also help by
enhancing the skin's antioxidant capacity, increasing hydrating cytokines, and suppressing
MMP synthesis through the modulation of cellular pathways like Mitogen-Activated Protein
Kinase (MAPK) (34).

Furthermore, oral supplementation with Bifidobacterium breve Yakult has been found
to lower ROS levels and mitigate skin barrier damage resulting from UV exposure and oxidative
stress. Using plant extracts fermented with Lactobacillus buchneri topically also shows promise
in improving skin conditions affected by UV-induced photoaging by increasing collagen
production, reducing elastase synthesis, and modulating MMP levels in skin cells (35-37).

Limosilactobacillus fermentum topically has been identified as beneficial in enhancing
the function of mitochondria, as well as reducing ROS in UV-damaged skin cells, thus
maintaining skin health (38). Recent studies also highlight the antioxidant role of strains like
Lacticaseibacillus rhamnosus GG and Lacticaseibacillus casei Shirota in improving skin
photoaging. These findings underscore the capacity of probiotics in managing and mitigating

the impacts of skin aging due to oxidative stress (39,40).

13



3.1.4.2. Inflammatory Response Suppression

Heightened skin inflammation can result in a compromised barrier function, enhanced
trans-epidermal water loss (TEWL), greater epidermal penetrability, and rapid skin aging
because of exposure to light. Research indicates that Bifidobacterium breve B-3 orally can
significantly decrease UV-induced levels of IL-1p in dermal layers of mice, which aids in
lowering TEWL, alleviating skin dryness, and reducing thickening of the outer skin layer
(41,42). Additionally, Lactobacillus acidophilus IDCC3302 orally, renowned for its antioxidant
capabilities, further mitigates skin inflammation triggered by UV light by suppressing the
MAPK signaling pathway and inhibiting the release of inflammatory agents (34).

Additionally, Lactobacillus reuteri DSM 17938 orally has demonstrated anti-
inflammatory effects, countering UV-induced increases in IL-6 and IL-8, thus aiding in
improving skin photoaging (43). Research by Keshari et al. (44) indicates that butyrate,
produced by a novel probiotic strain of Staphylococcus epidermidis, can diminish UV-induced
pro-inflammatory IL-6 through SCFA receptors. Furthermore, oral oligosaccharides have been
found effective in regulating inflammatory immune responses triggered by UV exposure,
reducing TEWL and sunburn erythema, thus helping to prevent skin photoaging. These findings
underscore the potential of probiotics and their metabolites in managing skin health, particularly

in mitigating the effects of UV exposure (45).

3.1.4.3. Immune Homeostasis Maintaining

Several probiotics, like Lactobacillus paracasei, serve a vital function in controlling immune
reactions and controlling pathogens. They also help maintain immune balance by preventing
undesirable immune reactions, particularly in chronic inflammatory diseases. This could be due
to their ability to modulate the number of Tregs, which are essential in decreasing the immune
responses associated with skin photoaging (46).

For example, Lactobacillus johnsonii orally has been observed to counteract the UV-
induced reduction of Langerhans cell density in the epidermis, aiding in the reestablishment of
the skin's immunological balance. Probiotics demonstrate varying effects depending on the
immune status. In a normal physiological state, they can reduce cytotoxic T cell activity on the
skin, impair the function of CD8+ T cells, activate inactive dendritic cells, and enhance the

function of Tregs subsets (47).
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Clinical studies examining dietary supplements containing Lactobacillus johnsonii and
carotenoids have shown promising results in mitigating early skin damage caused by UV
exposure. These findings suggest that such supplements could be beneficial against the
prolonged and recurrent exposure to UV radiation, particularly in terms of photoaging.
Additionally, oral supplements with Bifidobacterium longum and galacto-oligosaccharides
have been found to shield the skin from photoaging caused by UV light, due to their anti-
inflammatory and antioxidant effects. Also, serum levels of SCFAs and acetates are increased,
these are known to enhance and activate skin-resident regulatory T cells through histone

acetylation-dependent mechanisms (48).

3.1.4.4. ECM Remodeling Suppression

Contact to UV light elevates ROS, resulting in an increase in Matrix Metalloproteinases
(MMPs), consequently causing the degradation of skin elastin and collagen, leaving the skin
rough, dry, and less firm. Probiotics have shown promise not just in reducing ROS levels
directly but also in managing MMP levels in the skin, thereby contributing to the protection
against the breakdown of collagen and elastin after UV exposure (49).

Peroral consumption of Lactobacillus acidophilus KCCM12625, for instance, has been
observed to lower MMP mRNA levels in photoaged skin by interfering with the AP-1 signaling
pathway and enhancing procollagen levels and decreasing the loss of collagen proteins in the
dermis. Studies also indicate that peroral Lactobacillus plantarum HY7714 can decrease the
excessive production of certain MMPs in cell damage caused by UV-radiation by reducing the
JNK/AP-1 pathway. Similarly, oral Lactobacillus sakei has been found to inhibit the MAPK
pathway, thereby up-regulating dermal collagen and improving photoaging of the skin
(35,50,51).

Studies have shown that extracellular polysaccharides from Lactobacilli can decrease
levels of MMPs and elevate MMP inhibitors. For instance, the polysaccharides from
Lactobacillus casei B9-1 boost the skin's defenses against collagenase and enhance anti-
elastase activity, effectively preventing collagen degradation from UV light. Kimchi contains
plant extracts fermented with Lactobacillus brucei, which have been noted to substantially
diminish UV-stimulated elastase activity and MMP production, while concurrently promoting
the synthesis of type I collagen. Moreover, research by Negari and colleagues (52) has revealed

that compounds from the probiotic S. epidermidis, using Cetearyl isononanoate as a nutrient
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substrate, are capable of repairing collagen damage and supporting collagen production via the
activation of the phosphorylated form of extracellular signal-regulated kinase (p-ERK), aiding

in the prevention of skin photoaging.

3.1.5 Types of Microbial Ingredients in Topical and Orally Administered Formulations

Microbial ingredients in skincare formulations can be broadly categorized into live
microorganisms (probiotics), by-products of microbial growth (postbiotics), and inactive dead
strains.

Probiotics are live microorganisms that, when taken in sufficient quantities, offer health
advantages to the human body (53). In skincare, these probiotics can help sustain a healthy skin
microbiome by balancing the microbial communities on the skin. For example, particular
strains of Bifidobacterium and Lactobacillus are used in cosmetic formulations to enhance skin
barrier function and lessen inflammation (53).

Postbiotics are inert bacterial products or metabolic derivatives from probiotics that
exert biological activities within the human body (53). These include compounds like SCFA,
bacteriocins, and other metabolites. Postbiotics are beneficial in skincare because they can
enhance skin barrier function, reduce oxidative stress, and provide anti-inflammatory effects
(4). For instance, lysates from Bifidobacterium longum are known to improve skin hydration
and reduce sensitivity (4).

Inactive dead strains, also called paraprobiotics or ghost probiotics, are non-viable
microbial cells that can still confer health benefits similar to their live counterparts (4). These
are used in skincare products for their immunomodulatory and anti-inflammatory properties.
For example, lysates of Lactobacillus rhamnosus have been demonstrated to enhance tight-

junction barrier strength in the skin (53).
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3.1.6 Regulatory Aspects of Probiotics in Skincare

The regulatory landscape for probiotics in skincare is complex and varies by region. As
stated by the US Food and Drug Administration (FDA), cosmetics are defined as products
meant for cleansing, beautifying, enhancing attractiveness, or modifying appearance, but they
do not include any health claims (4). Probiotic cosmetics, therefore, must adhere to these
definitions and cannot make disease treatment claims without proper evidence and approval.

One major challenge in regulating probiotics in cosmetics is ensuring that the products
contain viable microorganisms at the time of use. For a product to be considered truly probiotic,
it must contain sufficient live microorganisms at the time of use, and these strains must be well-
characterized and supported by scientific evidence demonstrating their benefits. However,
many products labeled as probiotics do not meet these criteria, leading to misleading claims
.

Cosmetic products containing probiotics must meet stringent safety criteria to guarantee
they do not harbor pathogenic bacteria. In the EU, for instance, cosmetics are required to have
a low content of microorganisms, making it challenging to include live probiotics without
compromising safety (4).

Products containing postbiotics or inactive dead strains must be clearly labeled and
should not be promoted as probiotics if they do not include live bacteria. Regulatory bodies
emphasize the need for scientific validation of the health benefits claimed by these products
.

Innovative approaches, such as using nanoparticles to deliver probiotics and postbiotics,
are being explored to enhance their stability and effectiveness in skincare products. These
nanosystems can protect probiotics during formulation and ensure their delivery to the target
site on the skin (53).

In conclusion, while the potential of probiotics, postbiotics, and paraprobiotics in
skincare is significant, there is a need for rigorous scientific validation and transparent

regulatory practices to ensure consumer safety and product efficacy.
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3.2. Benefits on skin health

3.2.1. Cosmetics

3.2.1.1. Skin Whiting

The growing interest in skin lightening has led to a focus on products that reduce
melanin content and reduce excessive pigmentation (54). Melanin, while shielding the skin
from UV radiation, can cause uneven skin tone and disorders like freckles and melasma when
overproduced (55,56). Melanin production involves several enzymes, with tyrosinase being a
key player. Many skin-whitening cosmetics aim to inhibit tyrosinase activity, thereby reducing
melanin and enhancing skin brightness. Recently, the use of probiotics in such products has
increased, owing to their strong inhibitory effects on tyrosinase (54).

Research has shown that topical Bifidobacterium adolescentis culture filtrate can
counteract mushroom tyrosinase activity, reducing melanin levels in skin cells. This filtrate
seems to regulate tyrosinase activity through its antioxidant properties, leading to decreased
melanin and a brightening effect. Additionally, lactic acid found in Lactobacillus can inhibit
melanin production by decreasing the function of tyrosinase and indirectly by influencing its
expression, thus aiding in the brightening of the skin (57,58).

Probiotics have the capacity to diminish melanin not solely by affecting tyrosinase but
also via alternate pathways. For instance, fermented milk supernatant from Lactobacillus
helveticus NS8 (NS8-FS) orally has been observed to reduce melanin production in skin cells
by suppressing tyrosinase and related protein activities (35). When tested on guinea pigs, NS8-
FS was effective in enhancing skin pigmentation, possibly through influencing the activity of
Nrf2, a regulator involved in melanogenesis. Similarly, Rhodobacter spheroides has been
observed to suppress melanin production in a dose-dependent manner, particularly following
a-MSH supplementation in skin cells. These results highlight the emerging function of

probiotics in skin lightening and melanin regulation (59,60).
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3.2.1.2. Skin Moisturization

Numerous factors, including shifts in the environment and harm to the skin barrier, can
result in dry skin, affecting both health and appearance since skin hydration is vital for bodily
functions and aesthetic appeal (61). The search to find agents that maintain skin moisture is
ongoing. Probiotics have been recognized for their efficacy in decreasing TEWL and alleviating
dryness of the skin, proving to be beneficial in managing such conditions and supporting skin
hydration through the enhancement of the skin's barrier capabilities (62).

Scientific evidence has shown that the oral intake of Lactobacillus plantarum HY 7714
can boost ceramide concentrations, which are critical for preserving the skin's structural
integrity and hydration. This uptick in ceramides contributes to lowered TEWL and better skin
moisture. Furthermore, research on Lactobacillus acidophilus IDCC 3302 has illustrated its
beneficial effects on skin moisture levels, significantly improving skin dryness and reducing
TEWL (63-65).

Furthermore, Baba and colleagues (66) have discovered that administration of
Lactobacillus helveticus-fermented milk whey (LHMW) significantly reduces TEWL in intact
skin and increases skin hydration. This suggests that LHMW has potent moisturizing properties,
making it a encouraging ingredient for cosmetic use. These results shows the possibility of
probiotics as beneficial agents in skincare, particularly for enhancing skin hydration and

treating dry skin conditions.

3.2.1.3. Skin Barrier Integrity

Impairment of the barrier function of the skin can disrupt its moisture balance, leading
to various skin issues. Research by Ye-On Jung and colleagues (67) has shown that
Lactobacillus rhamnosus (LR) is able to significantly enhance barrier of the skin, making it a
potential ingredient for moisturizing skincare products. Their study used immunofluorescence
staining to reveal increased concentrations of occludin and claudin-1, two key molecules for
tight skin binding. They observed that the stratum corneum, the outermost layer of the skin
treated with LR lysate, appeared more organized and tighter.

Additionally, the result of the qPCR indicated higher levels of filaggrin and loricrin
expression, both crucial for restoring skin barrier function. The study also found that enhanced

skin barrier function could be inferred from reduced cytotoxic effects caused by sodium dodecyl
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sulfate (SLS) and decreased skin permeability. These findings underscore the potential of
Lactobacillus rhamnosus in improving skin health by strengthening its barrier function and

enhancing its moisture-retaining capabilities (68).

3.2.2. Anti-ageing

Skin aging primarily occurs in two ways: chronological aging and photoaging. Internal
factors cause chronological aging. Photoaging is largely a result of external influences like sun
exposure. Although these two aging processes are distinct, they share some underlying
regulatory mechanisms. Interestingly, probiotics have been found to positively impact both
types of skin aging, offering benefits that help counteract the effects of time and environmental
exposure on skin health. This highlights the versatile role of probiotics in skincare, addressing

both intrinsic and extrinsic aging factors (69).

3.2.2.1. Anti-Chronological Aging

Chronological aging, closely linked to genetic factors, is a natural part of the human
aging process. As we grow older, our bodies, including our skin, undergo changes such as
thinning and dryness. Probiotics are known to combat aging primarily by inhibiting cellular
decay and extending the cell cycle. Research by Sandie Gervason and team (70) highlighted
that removing Sphingomonas hydrophobicum (SH) could reduce the production of aging-
related proteins like P16 and P21, as observed in their immunohistological experiments. These
proteins are known to hinder the cell cycle and contribute to cellular aging (71).

In their study, the levels of P16 and P21 were markedly reduced in the treated cohort
with SH extract in comparison to the control group. Additionally, SH extract was shown to
decrease the level of SA-B-galactosidase, an enzyme related to aging, thereby aiding in cell
rejuvenation. Furthermore, the study observed an increase in fibrillin-1 and versican following
SH extract supplementation. Fibrillin-1 is involved in forming elastic skin fibers, and a higher
level of versican helps prevent fibroblast apoptosis. Both outcomes contribute to slowing down
cellular aging. These results demonstrate that SH extract could be a possible ingredient for anti-

aging skincare products (72).
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3.2.2.2. Anti-Photoaging

Photoaging, often resulting from external factors like UV radiation and environmental
toxins, leads to various skin issues like loss of elasticity, moisture, and increased roughness and
thickness. Probiotics play a crucial role in treating photoaging, mainly by inhibiting collagen
breakdown.

Studies have shown that individuals who take Lactobacillus plantarum HY7714
experienced reduced loss of skin moisture, lessened depth of the wrinkles, and improved
elasticity and gloss of the skin (34). Additional studies have shown that heat-treated
Lactobacillus acidophilus IDCC 3302 can oppose the decrease in collagen production induced
by UV radiation. This probiotic has also been observed to notably reduce the concentrations of
MMP-1, MMP-2, and MMP-9 in skin cells, levels of which usually rise following UV exposure,
largely through the suppression of the MAPK signaling cascade. Additionally, it helped reduce
inflammation by lowering concentrations of pro-inflammatory cytokines like IL-1p, IL-8, and
TNF-0, demonstrating its effectiveness in mitigating photoaging and UV-induced inflammatory
responses. Another study by You et al. (51) suggested that Lactobacillus sakei lipoteichoic Acid
(sLTA) could inhibit the phosphorylation of MAPK, subsequently blocking MMP-1 synthesis
in response to UV exposure. These findings underscore the capacity of probiotics in managing

and improving skin conditions associated with photoaging.

3.2.3. Anti-Wrinkle

Wrinkles mainly result from skin thinning and the continuous contraction of subdermal
facial muscles. The incorporation of probiotics into skincare is increasingly acknowledged for
their effectiveness in managing facial wrinkles, primarily attributed to their antioxidant and
anti-wrinkle qualities. One of the key mechanisms behind wrinkle formation is the MMP-1
induced breakdown of collagen, which is synthesized by fibroblasts. Probiotics have been found
effective in inhibiting MMP-1 synthesis, thus reducing collagen degradation and consequently,
wrinkles.

Studies have demonstrated that tyndallized Lactobacillus KCCM12625P (AL) orally
can inhibit the synthesis of MMP-1, thereby suppressing the development of wrinkles. This

strain significantly aids in reducing wrinkles primarily via these processes.
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Additionally, Hyun Mee Kim and colleagues (50) discovered that Lactobacillus
plantarum HY7714 could block UV-induced MMP-1. This strain not only inhibits MMP-1
expression but also the function of MMP-2 and MMP-9, leading to improvements in wrinkle
area and depth. Another study revealed that heat-treated Lactobacillus acidophilus IDCC 3302
orally substantially lowered the levels of MMP-1, MMP-2, and MMP-9 in skin cells exposed
to UV radiation, indicating its potential in diminishing wrinkles by targeting MMPs. These

findings highlight the promising function of probiotics in anti-wrinkle skincare solutions (50).

3.3.  Therapeutic potential

3.3.1. Wound healing and scarring

Research has shown that probiotics, including L. plantarum, L. fermentum, S. cerevisiae
and kefir, can significantly enhance wound healing across various models such as thermal
injuries, infected and non-infected wounds, and diabetic ulcers. While the exact mechanisms
remain largely unexplored, evidence suggests that applying probiotics topically can lead to
better outcomes by increasing granulation tissue, boosting collagen levels, and promoting
angiogenesis. This improvement is not universal across all models, indicating a need for further
investigation to understand the conditions under which probiotics are most effective (73).

For successful wound healing, it is critical to maintain bacterial levels below a certain
threshold and ensure the absence of harmful bacteria like beta-hemolytic Streptococcus.
Bacteria and their toxins can disrupt the healing process by causing inflammation and hindering
key healing stages such as epithelialization and collagen deposition. Preventing wound
infection is thus a vital component of care (74).

Traditional methods for preventing wound infection, like silver dressings, iodine, and
antibacterial skin products, have their limitations, including potential for cellular toxicity,
resistance, and dermatitis. Probiotics, on the other hand, offer a promising alternative with few
side effects and maintained antimicrobial efficacy. Specifically, kefir has demonstrated
antimicrobial action against several pathogens (74).

The antimicrobial effects of probiotics are believed to be multifaceted, involving the
production of immunostimulatory exopolysaccharides, species-specific antagonism to reduce

pathogenic bacteria, and the regulation of antimicrobial peptides (AMPs). These peptides are
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crucial for maintaining skin integrity, reducing inflammation, and preventing biofilm
formation, thus supporting a conducive environment for wound healing (74).

Explorations into topical probiotic therapy have shown its potential in reducing
infections and augmenting healing in both animal and human studies, including those with
thermal injuries and chronic venous ulcers. Probiotics have been as effective as traditional
treatments in decreasing bacterial loads and supporting a more favorable inflammatory
response.

Biofilms, which are implicated in up to 80% of human infections and significantly
impair healing, pose a challenge due to their resistance to treatments. However, probiotics have
shown promise in inhibiting biofilm formation by pathogens, offering a potential strategy for
managing chronic wounds (74-76).

In non-pathological contexts, topical probiotics have also been effective, showing
benefits such as reduced erythema and edema post-laser therapy, decreased skin sensitivity, and
improved skin hydration and ceramide levels. Despite these promising results, not all studies
have found probiotics to outperform traditional treatments, indicating the requirement for

additional study to completely comprehend their benefits and constraints in wound care (74).

In reviewing the antimicrobial impact of probiotics against wound pathogens, Table 2
shows that various probiotic strains have demonstrated significant potential for treating

different wound infections.
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Table 2. Antimicrobial effect of probiotics against wound pathogens (73).

First Pathogen Probiotic(s) Type of Result Possible
author, species Method application
year for humans
Varma, | P.aeruginosa, S. | L. fermentum Well Both were Common
2011 aureus * diffusion inhibited wound
and pathogens
coculturing were
assay inhibited
Thomas, | P.aeruginosa, S. | Lactobacillus | Triphasic Different Possible
2011 aureus, casei*, and wound | efficiency of | advantages of
Candida Lactobacillus model probiotics colonizing
albicans reuteri ATCC against wounds with
55730, L. different single or
plantarum* pathogens mixed
probiotics
Jones, Staphylococcus | Lactobacillus Well Nitric oxide Uses of
2010 aureus, fermentum diffusion patch with | antimicrobial
Escherichia NCIMB method probiotics agents for
coli, 7230 eradicated treating
MRSA, common infected
P. aeruginosa, bacterial wounds
Trichophyton and fungal
ruibrum, wound
Trichophyton pathogens
mentagrophytes
Valdez, Pseudomonas | Lactobacillus | Coculturing Greatest Topical
2005 aerouginosa plantarum inhibitory | treatment for
ATCC activity with burn
10241 whole infections
culture,
lower
inhibition
with acid
filtrate

*Strain not specified
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3.3.2. Treatment of diseases affecting the skin

3.3.2.1. Introduction

Establishing the connection between the impact of probiotic formulations and the
management of different skin problems requires an understanding of the skin, skin
microbiota/microbiome, and skin dysbiosis.

The skin microbiota is crucial for maintaining skin homeostasis by shielding it from
pathogens and modulating the immune system. When the balance of the skin microbiota is
disrupted by factors like pH changes, environmental toxins, or certain skincare products, result
in conditions like psoriasis, eczema, and acne. Additionally, probiotics and postbiotics have
been found to enhance skin barrier function, reduce inflammation, and enhance the appearance
of skin prone to acne or eczema (77).

The skin serves as a physical barrier that shields the body against possible invasions by
harmful substances or pathogens. This barrier function is supported by microorganisms that live
in symbiosis with the skin, helping to protect against harmful situations. These microorganisms
directly protect the human body from pathogens, control inflammation, and modulate adaptive
immune pathways. The skin's uneven surface and different areas provide ideal living conditions
for various microorganisms, making it a perfect ecosystem for both resident and temporary
microbes (77).

The microbiota is diverse, comprising bacteria, viruses, fungi, and mites, which
engage with the human body's cells, including epithelial and immune cells, and coexist with
other microorganisms in the same environment. The skin microbiota composition is unique to
each individual and varies across different parts of the body. For instance, sebaceous areas
like the face and back are dominated by lipophilic bacteria such as Cutibacterium acnes,
while moist areas like the elbow and knees are primarily colonized by Staphylococcus and
Corynebacterium (77).

If the skin microbiota is in an imbalance, known as dysbiosis, it can result in several
skin disorders like AD, rosacea, alopecia areata, seborrheic dermatitis (SD), and acne. For
example, AD patients often exhibit reduced microbial diversity, characterized by increased
levels of Staphylococcus aureus and depletion of Staphylococcus epidermidis and
Corynebacterium spp.. Similarly, SD is characterized by a reduction in Corynebacterium spp.

and domination by Staphylococcus spp., Pseudomonas spp., and Micrococcus spp. (77).
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The application of probiotics and postbiotics in skincare is still in the early stages, but
their potential to regulate the skin microbiota and treat dermatological conditions is promising.
Studies have shown that certain probiotic strains have the ability to endure and effectively
colonize the skin, prompting keratinocytes and sebocytes to synthesize antimicrobial peptides
and other biological compounds that suppress or kill pathogens. For instance, Lactobacillus
plantarum has demonstrated effectiveness against acne-causing bacteria and skin pathogens,
while also exerting rejuvenating effects through enhanced dermal thickness and improving
barrier function (77).

In summary, probiotics and postbiotics can significantly impact skin health by
maintaining a balance in the skin microbiota, reducing inflammation, and enhancing skin
barrier function. Understanding the dynamic interaction between favorable microorganisms and
the diverse microbial communities on the skin can aid in optimizing probiotic formulations
and treatment plans for various skin problems (53). This approach holds the potential for more
natural, microbiome-friendly therapies in dermatological practice.

The effectiveness of probiotics in treating various skin diseases is illustrated in Figure
4, which highlights specific probiotic strains used for conditions like acne, psoriasis, AD,

wound healing, dandruff, and rosacea.
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Figure 4. Treatment of skin diseases with probiotics (6)
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Probiotics are effective in treating various skin conditions. Specific strains target
different issues. For instance, Lactobacillus buchneri and Nitrosomonas eutropha can help with
skin aging; Enterococcus faecalis, Streptococcus thermophilus, and Streptococcus salivarius
are good for acne management; Streptococcus thermophilus, Vitreoscilla filiformis, and
Lactobacillus johnsonii aid in alleviating symptoms of AD, while Lactobacillus pentosus and
Bifidobacteria infantis are beneficial for psoriasis treatment. Additionally, Lactobacillus
fermentum, Lactiplantibacillus plantarum kefir, and Saccharomyces cerevisiae are known to
enhance wound healing; Lactobacillus paracasei helps reduce dandruft; and Bifidobacterium

breve BR0O3 along with Lactobacillus salivarius can improve symptoms of rosacea.

3.3.2.1. Acne

Acne patients often possess a distinct skin microbiome distinguished by an elevated
abundance of Cutibacterium acnes and an imbalance in microbial communities. This leads to
more inflamed skin in general, with increased sebum production and an exaggerated
inflammatory response, which contributes to the development and severity of acne. Traditional
acne treatments present various challenges, as they can damage the skin's mechanical barrier,
leading to dryness and irritation. However, research exploring the skin-gut axis has revealed
that probiotics can enhance immune responses beyond the intestines, positively affecting skin
health. Increasing research supports the idea that topical probiotics can also regulate the skin's
mechanical barrier and enhance the production of antimicrobial peptides (78).

An example of this is the lactic acid bacterium Streptococcus thermophilus. When
formulated into a cream and applied for one week, either in laboratory settings or directly on
the skin, this bacterium has been shown to promote ceramide synthesis. Ceramides are essential
for maintaining skin moisture, and specific ceramide sphingolipids, like sphingomyelin,
possess antibacterial qualities that combat Cutibacterium acnes, the bacteria responsible for
acne. By enhancing ceramide production, probiotics not only strengthen the skin's mechanical
barrier but also soothe irritated, acne-prone skin (79,80).

Consequently, many probiotics offer a multifaceted approach to acne treatment. They
can strengthen the skin's protective barriers, inhibit acne-causing bacteria, reduce the
appearance of pustules, and alleviate skin irritation in individuals with acne. This positions
probiotics as a promising and holistic solution in the management and treatment of acne,

contributing to overall skin health and comfort.
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In Table 3, we can observe the effectiveness of various probiotic strains in treating acne

vulgaris, highlighting their ability to suppress the growth of C. acnes and other acne-related

pathogens through different mechanisms.

Table 3. Treatment of Acne vulgaris with probiotics in vitro (79).

Reference Probiotic(s) QOutcome
Bowe et al. (81) Streptococcus salivarius C. acnes growth was inhibited by
bacteriocin
Oh et al. (82) Lactococcus sp. HY 449 C. acnes growth was inhibited by
bacteriocin
Deidda et al. (83) Lactobacillus salivarius 1L.S03 C. acnes growth was inhibited by
bacteriocin

Lee et al. (84)

Bifidobacterium adolescentis

Antimicrobial effects on C. acnes
and S. aureus

Wang et al. (85)

Staphylococcus epidermidis

Succinic acid production via glycerol
fermentation

Cosseau et al. (86)

Streptococcus salivarius K12

Anti-inflammatory response;
regulation of genes linked to
epithelial adhesion

Gueniche et al. (87)

Lactobaillus paracasei CNCM I-
2126

barrier function of the skin improved

Al-Ghazzewi et al.
(88)

L. plantarum DSM 12028, L.
casei NCFB 161, L. gasseri
NCFB 2233, L. acidophilus

NCFB 1748,
and

Lactococcus lactis NCIMB 66

plus glucomannan hydrolysates of
Amorphophallus konjac

C. acnes growth was inhibited

Lopes et al. (89)

Several Bifidobacterium and
Lactobacillus strains

Binding to keratin; prevention of

biofilm formation by pathogenic

bacteria; reduced adherence to C.
acnes
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3.3.2.2. Atopic dermatitis (AD)

AD is primarily linked to a reduction in microbial diversity, with Staphylococcus aureus
being a predominant microorganism in AD patients. Research increasingly suggests that oral
probiotics might be a superior treatment option for AD. One study highlighted that
Streptococcus thermophilus significantly alleviated eczema associated with AD and reduced
symptom severity. Another investigation underscored the benefits of Streptococcus
thermophilus, particularly its ability to enhance ceramide concentrations in the skin's stratum
corneum, offering potential relief for AD symptoms (80,90,91).

In a randomized, double-blind study involving patients with AD, the impact of
Lactobacillus-based emollients was compared to those of standard emollients. The results
revealed that emollients infused with Lactobacillus not only inhibited the spread of
Staphylococcus aureus but also provided a mechanical barrier and symptom relief for AD
sufferers. An additional study focusing on lotions containing heat-treated Lactobacillus
johnsonii NCC demonstrated significant improvements in clinical symptoms and reduced
Staphylococcus aureus colonization in AD patients (16,92).

Moreover, other research examining the use of Roseomonas mucosa supplements
reported notable reductions in disease severity, the need for topical steroids, and the burden of
Staphylococcus aureus, all without any adverse reactions or complications. Together, these
studies demonstrate that probiotics can positively affect individuals suffering from AD, offering
a promising, well-tolerated alternative to traditional treatments. These findings open up new
avenues for the management of AD, emphasizing the potential of probiotics in enhancing skin

health and combating dermatological conditions (93).

3.3.2.3. Psoriasis

Psoriasis, a chronic autoimmune skin condition, is typically managed with topical
emollients and peroral immunosuppressants. Recently, the function of topical probiotics as a
potential psoriasis therapy has gained attention, despite limited research so far. Changes in the
skin microbiota have been suggested to influence psoriasis symptoms, hinting at a connection

between microbial balance and skin health in this context.
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While there's growing evidence that peroral probiotics can have therapeutic benefits on
the clinical symptoms of psoriasis in certain patients, the extent of their efficacy remains under-
researched. Studies specifically examining the effectiveness of oral probiotics in psoriasis
patients are crucial to establish their clinical benefits convincingly. Such research would not
only validate the application of oral probiotics as a complementary therapy for psoriasis but
also help in understanding the complexities of how gut health impacts skin conditions. This
exploration into the potential of probiotics for psoriasis treatment reflects a broader interest in
the interplay between internal health and skin conditions, and it holds promise for more
personalized and effective management strategies for this challenging autoimmune disorder

(39,94).

3.3.2.4. Seborrheic Dermatitis (SD)

Dandruff and SD, common scalp conditions, are often attributed to an overgrowth of
yeast and a reduced diversity of scalp microbiota. In recent years, the possibility of probiotics
as a therapy option for these conditions has been a subject of considerable research interest.
One study involving 60 participants showed promising results, with a notable reduction in
erythema, scaling, and itching following the topical use of filamentous Staphylococci. This
suggests that manipulating the scalp microbiota with specific microbial strains can alleviate
symptoms associated with these scalp conditions (80).

Another intriguing study highlighted the role of Vitreoscilla filiformis lysate in boosting
regulatory T cell (Treg) activity. This was achieved through the stimulation of interleukin-10
(IL-10) production by dendritic cells, indicating a potential pathway through which probiotics
can exert their therapeutic effects. Furthermore, oral supplementation with Lactobacillus
paracasei has been observed to yield positive outcomes in managing dandruff, SD, and related
scalp disorders (95).

However, despite these encouraging findings, more in-depth investigation is required to
fully comprehend and validate the local efficacy of probiotics in treating these scalp conditions.
Such studies would contribute significantly to developing targeted probiotic-based therapies,
potentially offering a novel, effective treatment avenue for individuals suffering from dandruff,
SD, and similar scalp issues. This line of inquiry is especially relevant given the growing
interest in exploring the microbiome's function in various skin and scalp disorders and the

increasing preference for non-traditional, microbiome-friendly treatment options (96,97).
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3.3.2.5. Rosacea

Rosacea, a skin condition characterized by inflammation and altered skin microbiota, is

often linked to the overexpression of TLR2 (Toll-like receptor 2) receptors. This overexpression
triggers an inflammatory response, adding to the development and exacerbation of rosacea
symptoms. In the field of treatments, antibiotics like doxycycline are commonly prescribed to
manage this condition by targeting the bacterial aspect of the disease (74,98).
However, the role of oral probiotics in treating rosacea, particularly scalp rosacea, has started
to gain attention. Probiotics, known for their ability to influence the body's microbiome and
immune response, offer a potential alternative or complementary treatment to traditional
antibiotic therapies. They work by restoring the balance of skin microbiota and reducing
inflammation, thereby addressing two critical aspects of rosacea pathology.

Despite the promising application of oral probiotics for rosacea, the exploration of
topical probiotics as a direct treatment option for this skin condition remains largely uncharted.
This gap in research presents an opportunity for further investigation into how topical probiotics
could potentially benefit rosacea patients, especially considering the direct interaction these
probiotics would have with the skin's surface. Developing and studying topical probiotic
formulations could lead to new, innovative ways to manage rosacea, offering patients more
options and possibly more effective treatments (99).

The exploration of probiotics, both oral and topical, in the treatment of rosacea aligns
with a growing interest in leveraging the microbiome for skin health. It represents an exciting
new area in dermatological therapy, one that holds the promise of more natural, microbiome-

friendly approaches to managing complex skin conditions like rosacea.

3.3.2.6. Alopecia

In recent research, Park et al. (100) explored the effects of an oral probiotic product
made from cheonggukjang and kimchi on male and female patients with androgenic alopecia,
they received 80mL Mogut® two times a day. The probiotic product comprised the following
ingredients: a culture medium containing fermented bacilli from cheonggukjang and kimchi
(including Leuconostoc holzapfelii, Leuconostoc mesenteroides, and Lactobacillus sakei,
99.7%), Hasuo extract (Pleuropterus multiflorus; 0.1%), persimmon vinegar (0.1%), and an

extract of Korean black soybean (Rhynchosia volubilis Lour; 0.1%). This probiotic drink,
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consumed twice daily for four months, led to significant increases in hair count and thickness
after one and four months of therapy. Notably, 93% of the subjects showed improvements,
suggesting that the probiotic might enhance blood flow to the scalp (100).

However, more studies are necessary to fully comprehend how oral probiotic
supplementation influences hair growth, especially with larger sample sizes and control groups.

Additionally, a study on post-finasteride syndrome (PFS) in patients treated with
finasteride for androgenic alopecia revealed significant changes in the gut microbiome. This
syndrome includes persistent adverse effects such as sexual, neurological, physical, and mental
health issues. The research compared stool samples from 21 male PFS patients with those from
ten healthy male controls. The analysis showed a marked suppression in the richness, diversity,
and composition of the gut microbiome in the PFS group, as indicated by a- and B-diversity
metrics. Particularly, there was a notable decrease in Ruminococcaceae UCG-005 and
Faecalibacterium spp. and an increase in Odoribacter spp. and Alloprevotella in PFS patients
compared to healthy individuals. It should be emphasized that this study focused on the gut
microbiome and did not evaluate the microbiome of the scalp or hair follicles (101).

These studies collectively suggest a complex interplay between the microbiome, both
gut and scalp, and hair health. They open up potential new avenues for treating hair loss
conditions like AGA, emphasizing the need for further exploration into the function of the

microbiome in hair growth and the potential of probiotic therapies.
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4 Conclusion

In conclusion, the exploration of probiotics in skin health and therapeutic potential
represents a promising new area in dermatology and skincare. The comprehensive review of
literature underscores the multifaceted roles of probiotics, from enhancing wound healing and
mitigating scarring to addressing various skin disorders like acne, AD, psoriasis, SD, rosacea,
and alopecia. The evidence points to probiotics not only improving the microbial balance of the
skin but also offering anti-inflammatory, antimicrobial, and skin barrier-enhancing effects.
These benefits are crucial for managing chronic skin conditions and improving overall skin
health.

The therapeutic potential of probiotics extends beyond traditional treatments, offering a
natural, minimally invasive approach to managing skin disorders and promoting skin health.
Whether applied topically or taken orally, probiotics have shown promising results in enhancing
skin moisture, reducing signs of aging, and providing protective barriers against environmental
damage. However, despite these promising findings, more research is necessary to completely
comprehend the mechanisms of action, optimal strains, and formulations for specific skin
conditions.

The shift towards integrating probiotics into skincare and therapeutic protocols reflects
an evolving understanding of the skin microbiome's role in health and disease. As the field
advances, probiotics hold the promise of revolutionizing skincare and dermatological
treatments, offering a holistic approach to skin health that harmonizes with the body's natural
processes. The future of skincare and dermatology may well lie in harnessing the power of

probiotics, emphasizing the importance of continued research and innovation in this area.
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5 Summary

This thesis comprehensively explores the substantial impact of probiotics on skin health
and their therapeutic potential across various dermatological conditions. It delves into the
historical context of probiotics, tracing their use from ancient fermentation practices to
contemporary biomedical research, highlighting their enduring relevance in promoting health
and nutrition. The study systematically reviews the effects of different probiotic strains, such
as Nitrobacter, Lactobacillus, and Bifidobacterium, on skin health, including their roles in
enhancing immune responses, modulating microbial populations, and improving skin barrier
functions.

A critical analysis of the literature reveals probiotics' multifaceted benefits in treating
skin conditions like acne, AD, psoriasis, SD, rosacea, and alopecia. These benefits range from
antimicrobial and anti-inflammatory actions to the maintenance of skin barrier integrity and
modulation of the skin's immune system. The thesis emphasizes the potential of probiotics to
revolutionize skincare and dermatology by offering natural, effective treatment alternatives that
leverage the skin-gut axis and the microbiome's health-promoting capabilities.

Furthermore, the thesis underscores the need for further research to unravel the complex
mechanisms through which probiotics influence skin health, identify optimal strains and
formulations, and establish standardized therapeutic protocols. By highlighting the promising
yet underexplored potential of probiotics in dermatology, critical appraisal of published
research papers in this thesis lays the groundwork for future studies that could lead to

innovative, microbiome-friendly skincare solutions and treatments for chronic skin disorders.

Key-words: probiotics, skin health, skin-aging, skin diseases, gut microbiome
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