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Abstract
Background: The semiactive or inactive probiotics or their extracts used in dermatol-
ogy have interesting properties to ameliorate signs of irritated skin and enhance the 
skin barrier. Bifidobacterium, as the most common probiotics, which has been found to 
be effective in reducing acne and improving the skin barrier function of atopic derma-
titis. Bifida Ferment Lysate (BFL) can be obtained from Bifidobacterium by fermentation 
and extraction.
Purpose: In this study, we investigated the effect of a topically used BFL on the skin 
using in vitro evaluation methods.
Results: The results showed that upregulation of skin physical barrier gene (FLG, LOR, 
IVL, TGM1, and AQP3) and antimicrobial peptide gene (CAMP and hBD- 2) in HaCaT 
cells by BFL might be responsible for skin barrier resistance. In addition, BFL had 
strong antioxidant properties representing a dose- dependent increasing of the scav-
enging capacity of DPPH, ABTS, hydroxyl, and superoxide radicals. BFL treatment 
also fundamentally inhibited the intracellular ROS and MDA production and improved 
the activities of antioxidant enzymes (CAT and GSH- Px) in H2O2- stimulated HaCaT 
cells. As a good immunomodulatory factor, BFL efficiently decreased the secretion 
of IL- 8 and TNF- α cytokines, and COX- 2 mRNA expression in LPS- induced THP- 1 
macrophages.
Conclusion: BFL can strengthen the skin barrier function and stimulate skin barrier 
resistance, to reinforce the skin against oxidative stress and inflammatory stimuli.
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1  |  INTRODUC TION

The skin covers the whole body to form an effective barrier against 
the external environment, which plays a crucial role in transcuta-
neous water loss counterbalance, temperature maintenance, and 
immune surveillance.1,2 Strugar et al. described the skin barrier as 
four main components: the immune, physical, chemical, microbi-
ome layer.3 The immune layer senses danger signals through the 
molecular patterns related to pathogens and damage, and resident 
immune cells work to eliminate invasion.3,4 The physical layer is 
composed of corneum, whose main functions include preventing 
water loss and protecting against irritants from penetrating,5 and 
it mainly refers to the sebum membrane, keratin, lipids, brick wall 
structure, dermal mucopolysaccharides, and mucopolysaccha-
rides.6 The chemical layer is distributed throughout the physical 
layer, including natural moisturizing factors, defensive chemicals, 
and ingredients which maintain the acidic skin pH.7 The microbial 
layer is composed of living organisms, which will form a stable en-
vironment related to protective immune response.8 As the skin 
barrier is highly organized, the normal metabolism of each part is 
essential for its protection. Damage to the skin barrier will boost 
the penetration of external antigens and stimuli that may provoke 
skin inflammation, such as atopic dermatitis, acne, chronic actinic 
dermatitis, and psoriasis.9– 12

The skin microbiota contributes significantly in the suppression 
of pathogenic species and regulation of skin proteins, free fatty 
acids, and lipid- rich substances,13,14 which is an important part of 
the skin barrier. Studies have shown that probiotics are healthy and 
potential living microorganisms, which impact on skin inflammation 
and skin homeostasis by deploying probiotics.15,16 The local utiliza-
tion of inactivated probiotics components has proved to be persua-
sive in strengthening the skin barrier of acne, atopic dermatitis and 
other skin diseases.17 In addition, the fermented extracts of probi-
otics have also been proved to be valuable on the skin barrier. In a 
study to explore the effect of Lactobacillus rhamnosus on the recon-
struction of skin barrier function in human epidermal model, it was 
found that Lactobacillus rhamnosus lysate reduced the cytotoxicity of 
a skin irritant (sodium lauryl sulfate), and enhanced the protection of 
skin barrier.18 The application of Vitreoscilla filiformis fermentation 
extract on the skin not only strengthens the skin barrier, but also 
enhances the immune defense.19 As one of the most common micro-
organisms in probiotics, Bifidobacterium is also an important source 
of probiotic strains.16,20 Importantly, recent interesting data indicate 
that Bifidobacterium- based topical formulations have shown good 
results in reducing acne and improving the skin barrier function of 
atopic dermatitis.21,22

Bifida Ferment Lysate (BFL) is the fermentation extract, metabo-
lites, cytoplasmic fragments, cell wall components, and polysaccha-
ride complex obtained by culture, inactivation, and decomposition 
of Bifidobacterium. BFL can produce beneficial skin care small mol-
ecule substances, such as amino acids, vitamin B group, minerals. In 
a recent clinical trial, it was found that a topical product containing 

gel- based BFL was safe and effective in the treatment of mild or 
moderate acne.23 In addition, an in vitro study showed that a mixed 
formulation containing BFL could protect skin from free radicals.24 
In view of the potential results revealed by existing tests, none of the 
effects of BFL on skin health has been comprehensively and widely 
discussed, it is necessary to carry out further research. In this study, 
a BFL isolated from Bifidobacterium was used, and its beneficial im-
pact on skin was studied in vitro. The skin barrier enhancement ef-
fect of BFL was studied on HaCaT cells by the expression of both 
keratinocyte differentiation markers (physical barrier) and antimi-
crobial peptides (AMPs, biochemical barrier). The oxidative stress 
resistance effect of BFL were detected by free radical scavenging 
assays and an H2O2- induced oxidative damage HaCaT cell model. 
In addition, the immunomodulatory effect of BFL was evaluated 
in lipopolysaccharide (LPS)- stimulated THP- 1 monocyte- derived 
macrophages.

2  |  MATERIAL S AND METHODS

2.1  |  Chemicals

Ferrous sulfate, 3- (4,5- dimethylthiazol- 2- yl)- 2,5- diphenyltetrazol
ium bromide (MTT), salicylic acid, hydrogen peroxide, lipopolysac-
charide (LPS), and phorbol 12- myristate 13- acetate (PMA) were 
purchased from Sigma- Aldrich. PBS was purchased from Hyclone. 
DPPH were purchased from Tokyo Chemical Industry. Tris and py-
rogallol were purchased from Biotopped. BFL was purchased from 
CLR Berlin.

2.2  |  Cell culture

Human HaCaT cells and THP- 1 cells were purchased from the 
National Infrastructure of Cell Line Resource, and cultured in MEM 
cell medium and RPMI- 1640 cell medium (National Infrastructure 
of Cell Line Resource), respectively. The culture medium was sup-
plemented with 10% FBS (Gibco) and 1% penicillin– streptomycin 
(Gibco). The macrophage- like state was induced by treating THP- 1 
monocytes (1 × 106 cells/well) for 24 h with 100 ng/mL PMA in 24- 
well cell culture plates.

2.3  |  Free radical scavenging activity assay

2.3.1  |  DPPH scavenging activity assay

The DPPH method was used to detect the free radical scavenging 
ability of BFL. Briefly, the BFL solution with a concentration of 0.1%– 
30% was added to DPPH solution of 2.0 × 10−4 mol/L in a 96- well 
plate and incubated for 30 min at room temperature without light, 
and the absorbance was measured at 517 nm.
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    |  3429WANG et al.

2.3.2  |  ABTS scavenging activity assay

The ABTS radical scavenging activity assay was carried out based 
on the total antioxidant capacity assay kit with the ABTS method 
instructions (Beyotime). BFL was mixed with ABTS working solution 
at different concentrations and incubated for 2– 6 min at room tem-
perature, and the absorbance was measured at 734 nm.

2.3.3  |  Hydroxyl radical scavenging activity assay

The hydroxyl radical scavenging ability of BFL was determined by 
the salicylic acid method, and 6 mL of BFL samples of different con-
centrations were added into the reaction system of the same volume 
(9 mmol/L ferrous sulfate solution, 0.4 mL of 0.3% H2O2, and 0.2 mL 
of 9 mmol/L salicylic acid- ethanol). Finally, the reaction was carried 
out at 37°C for 15 min. The absorbance of the mixture was measured 
at 510 nm.

2.3.4  |  Superoxide radical scavenging activity assay

Pyrogallol is oxidized under alkaline conditions to produce colored 
intermediates and superoxide radicals (O2·−). 100 mmol/L Tris– HCl 
buffer solution (2.8 mL, pH 8.2) and BFL (0.1 mL) was mixed at differ-
ent concentrations in a 10- mL test tube and kept warm in 37°C water 
bath for 20 min. 3 mmol/L catechol (0.1 mL) was added and preheated 
at 37°C, and then the absorbance was measured at 325 nm.

2.4  |  Cell viability assay

The MTT method was used to evaluate cytotoxicity. HaCaT cells 
were seeded in 96- well plates for 24 h, with a density of 1 × 104 cells/
well. After 24 h removing the medium, the cells were given treat-
ments for 24 h with BFL at a set concentration of 0.15625%– 20%. 
For THP- 1 macrophages, the cells were cultured in 96- well plates at 
1 × 105 cells/well, and were treated with BFL (0.15625%– 20%) for 
24 h. 10 μL MTT (5 mg/mL) was added to each well and incubated at 
37°C for 4 h. After incubation, 100 μL lysis solution containing 5% 
isobutanol, 10% SDS, and 12 mM HCl in H2O were put into each well 
to solubilize the formazan crystal. The absorbance was measured 
at 570 nm using a Tecan Infinite M200 Pro multi- mode microplate 
reader (Tecan Trading AG).

2.5  |  Intracellular catalase (CAT), glutathione 
peroxidase (GSH- Px), superoxide dismutase (SOD), 
malondialdehyde (MDA), and reactive oxygen species 
(ROS) determination

HaCaT cells were cultured at 3 × 105 cells/well in a six- well plate at 
37°C for 24 h. After pretreated with 0.003% H2O2 for 6 h, the cells 

were cultured for 18 h by adding different doses of BFL. After trypsin 
digestion, the cells were centrifuged at 1000 r/min for 5 min, and the 
contents of CAT, GSH- Px, SOD, and MDA were detected according 
to the instructions of commercial CAT, GSH- Px, SOD, and MDA de-
tection kits (Beyotime). The OD values in each group were measured 
at the corresponding wavelength. For ROS determination, added 
DCFH- DA (1 mL) diluted with serum- free culture medium with a vol-
ume ratio of 1:1000 to the cells. Incubated in a 37°C cell incubator 
for 20 min. The cells were washed three times with serum- free cell 
culture medium to fully remove DCFH- DA that had not entered the 
cells. Flow cytometry (BD Accuri C6, BD Biosciences) was used to 
detect intracellular ROS content by its fluorescence intensity.

2.6  |  Secretion of inflammatory cytokines

The THP- 1 macrophages were stimulated with 1 μg/mL LPS for 18 h. 
After stimulation, 1%, 3%, and 5% BFL were added to the sample 
wells, and culture medium was added to the blank wells and LPS con-
trol wells to further incubate for 6 h.

The cytokine concentrations of IL- 8 and TNF- α in the THP- 1 
macrophages supernatants were measured with human IL- 8 and 
TNF- α ELISA kits according to the protocols provided by the man-
ufacturer (Invitrogen).

2.7  |  RT- PCR

Total RNA was obtained from HaCaT cells and THP- 1 macrophages 
used a TIANGEN RNA Kit (TIANGEN BIOTECH CO., LTD). Reversely 
transcribed RNA (1 μg) into cDNA using ReverTra Ace qPCR RT Kit 
(TOYOBO) according to the kit instructions. RT- PCR was performed 
on a CFX96 Real- time System (LightCycler®480 II, Roche) using 
SYBR Green Realtime PCR Master Mix (TOYOBO). The primers are 
shown in Table 1. The conditions for amplification were as follows: 
95°C for 30 s, followed by 40 cycles of 95°C for 5 s, 55°C for 10 s, and 
72°C for 15 s. Real- time quantification Ct values were gathered and 
the target gene expression was gave the go- ahead to GAPDH using 
the 2−ΔΔCt method.

2.8  |  Western blot analysis

HaCaT cells were treated with BFL (1%, 3%, and 5%) for 24 h. Cells 
were lysed with cell lysis buffer for western and immunoprecipita-
tion (IP) (Beyotime), and cell debris was removed via centrifugation. 
The concentrations of protein from the supernatant were quanti-
tated using the BCA Protein Assay Kit (Beyotime). After quantita-
tion, equal amounts of protein were loaded on a sodium dodecyl 
sulfate– polyacrylamide gel (SDS– PAGE; Beyotime) and transferred 
into a polyvinylidene fluoride (PVDF) membrane. The membrane was 
blocked with a QuickBlock™ Western Occluder (Beyotime) and incu-
bated at 1:1000 primary antibody overnight at 4°C. The membranes 
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3430  |    WANG et al.

were treated with a horseradish peroxidase- conjugated (HRP) sec-
ondary antibody for 2 h at a diluted concentration of 1:5000 and 
were visualized using a Tanon- 5200 Multi System (Tanon). The ex-
pression level of each protein was analyzed using ImageJ software 
and normalized to β- actin. The following primary antibodies were 
used for western immunoblotting: filaggrin (FLG) and β- actin.

2.9  |  Statistical analysis

Statistical analysis was executed by SPSS software version 22. 
Student's t- test was used to compare the difference between two 
groups, while one- way ANOVA pursued by Dunnett's post hoc was 
used for comparison of multi- dose BFL treatment groups with the 
control group. All experiments were carried out in triplicate, and the 
results are expressed by mean ± SD of three individual experiments. 
When p < 0.05, differences were considered as statistically significant.

3  |  RESULTS

3.1  |  Effect of BFL on cell viability in HaCaT and 
THP- 1 macrophages

As shown in Figure S1A, the cell viabilities of HaCaT cells and THP- 1 
macrophages were not impacted by BFL (0.15625%– 10%). To fur-
ther study the health benefits of the BFL, low, medium, and high 

doses of 1%, 3%, and 5% BFL, respectively, were selected for the 
following experiments (Although the cell viability test showed that 
10% of the BFL was safe to both cell models, we plan to apply 5% 
of this ingredient in the product as the highest dose. Therefore, we 
used 5% as the high dose in this in vitro efficacy study).

3.2  |  Effect of BFL on barrier maintenance- 
associated molecules in HaCaT cells

Filaggrin, loricrin (LOR), involucrin (IVL), transglutaminase 1 
(TGM1), and aquaporin 3 (AQP3) genes are important to main-
tain skin barrier function. The mRNA expression levels of FLG, 
LOR, IVL, and AQP3 genes expression were increased in a dose- 
dependent manner following BFL treatment at the various concen-
trations (Figure 1A). The expression of FLG protein in HaCaT cells 
was determined as well. BFL treatment also dose- dependently 
augmented FLG protein levels (Figure 1B). Cathelicidin (CAMP) 
and β- defensin (hBD- 1, hBD- 2, hBD- 3) are the main AMPs in the 
epidermis that has the function of antibacterial and skin barrier 
maintenance. The results showed that the mRNA expressions 
of CAMP and hBD- 2 in HaCaT cells were significantly increased 
after treating with different concentrations of BFL, while the en-
hancement of hBD- 1 and hBD- 3 mRNA levels was not significant 
(Figure 1C). These results suggested that BFL might promote the 
skin barrier maintenance function by up- regulating the expres-
sion of skin physical and antimicrobial barrier- related molecules 
in HaCaT cells.

3.3  |  Free radical scavenging activity of the BFL

The scavenging ability of DPPH, ABTS, hydroxyl radicals, and super-
oxide radicals raised in a dose- dependent manner after exposure to 
six concentrations of BFL (0.1%– 30%). The results showed that the 
scavenging rates of the 30% BFL to these four radicals were 34.42%, 
54.34%, 63.75%, and 13.66%, respectively (Figure 2A– D). It indi-
cated that the scavenging ability of BFL for these four free radicals 
was ranked as hydroxyl radical > ABTS > DPPH > superoxide radical.

3.4  |  Effect of BFL on antioxidative capacity in 
HaCaT cells

After treating with 0.003% H2O2, the antioxidase activities of CAT, 
SOD, and GSH- Px were significantly decreased while the intracellu-
lar ROS and MDA contents were increased in HaCaT cells, indicating 
that an oxidative damage cell model was successfully established. 
Cells exposed to BFL exhibited significantly (p < 0.05) raised CAT and 
GSH- Px activities and inhibitory effects on H2O2- induced ROS and 
MDA production in a dose- dependent manner (Figure 3B– F). These 
findings revealed that BFL protected HaCaT cells by suppressing the 
ROS and MDA produced in response to H2O2 exposure, thus the 
antioxidant capacity of cells was improved.

TA B L E  1  Primer sequences used for RT- PCR.

Primer Sequence 5′– 3′

FLG-  Forward GTTAC AAT TCC AAT CCT GTT GTTTTC

FLG-  Reverse CGTTG CAT AAT ACC TTG GATGATC

LOR-  Forward GGCTG CAT CTA GTT CTG CTGTTTA

LOR-  Reverse CAAAT TTA TTG ACT GAG GCACTGG

IVL-  Forward AGCCT TAC TGT GAG TCT GGTTGA

IVL-  Reverse GGGTA TTG ACT GGA GGA GGAACA

AQP3-  Forward GCTGT CAC TCT GGG CAT CCTC

AQP3-  Reverse GCGTC TGT GCC AGG GTGTAG

TGM1-  Forward GATCG CAT CAC CCT TGA GTTAC

TGM1-  Reverse GCAGG TTC AGA TTC TGCCC

CAMP-  Forward GCTAA CCT CTA CCG CCTCCT

CAMP-  Reverse GGTCA CTG TCC CCA TACACC

hBD- 1-  Forward TCTGC TGT TTA CTC TCT GCTTAC

hBD- 1-  Reverse GGCAG GCA GAA TAG AGA CATT

hBD- 2-  Forward GGTGT TTT TGG TGG TAT AGGC

hBD- 2-  Reverse AGGGC AAA AGA CTG GAT GACA

hBD- 3-  Forward CCAGG TCA TGG AGG AAT CATAAA

hBD- 3-  Reverse CGATC TGT TCC TCC TTT GGAAG

COX- 2-  Forward CCCAC CCA TGT CAA AACCGA

COX- 2-  Reverse CCGGG TAC AAT CGC ACT TATACT

GAPDH-  Forward CTTTG TCA AGC TCA TTT CCTGG

GAPDH-  Reverse TCTTC CTC TTG TGC TCTTGC
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    |  3431WANG et al.

3.5  |  Effect of BFL on immunomodulatory 
function of THP- 1 macrophages

As shown in Figure 4A,B, the cytokine secretion levels of IL- 8 and 
TNF- α, and the mRNA expression level of cyclooxygenase- 2 (COX- 2) 
in THP- 1 macrophages were dramatically increased after LPS stimula-
tion (p < 0.01), which suggested that the inflammatory cell model was 
successfully established. Compared with the LPS stimulation group, 
BFL significantly inhibited IL- 8 and TNF- α production in THP- 1 mac-
rophages (p < 0.01). In accordance with the cytokine secretion, COX- 2 
mRNA expression in LPS- stimulated THP- 1 macrophages were signifi-
cantly decreased after treatment with different concentrations of BFL.

4  |  DISCUSSION

The skin is the largest organ of the human being, which forms an 
effective barrier between the “inside” and “outside” of the body.1 

Therefore, maintaining skin barrier function constitutes a major 
therapy for various dermatological diseases.25 Probiotics are live 
microorganisms used for various health benefits on the host.26 In 
recent years, clinical studies have reported that probiotics play an 
important role in improving the skin barrier.27 In this study, we evalu-
ated the beneficial effects of BFL, a probiotic, on skin health by in-
vestigating barrier enhancement and resistance to barrier damage 
stimuli.

The skin barrier is composed of physical, chemical/biochemical, 
and immune barriers,1 which is closely related to the transcription 
and translation of skin barrier genes. The production of epidermal 
terminal differentiation molecules (TGM1, FLG, and IVL) are pivotal 
for maintain skin barrier function.28 LOR plays an essential role in 
the skin barrier function and is a major component of the corni-
fied envelope, which binds to filaggrin to form a cornified enve-
lope.29 AQP3 is the most important channel protein in human skin. 
Epidermal moisture content and water loss have close association 
with the expression of AQP3.30 AMPs in the skin directly stimulate 

F I G U R E  1  Effect of BFL on the expression of physical barrier- associated molecules and antimicrobial peptide genes in HaCaT cells by 
RT- PCR. HaCaT cells were treated with 1%, 3%, and 5% concentrations of BFL for 24 h. (A) Skin physical barrier genes- FLG, LOR, IVL, AQP3, 
and TGM1 mRNA expression levels. (B) Skin barrier molecule FLG protein expression level. (C) Skin antimicrobial peptide genes-  CAMP, hBD- 
1, hBD- 2, and hBD- 3 mRNA expression levels. Data are shown as mean ± standard deviation (n = 3). *p < 0.05, **p < 0.01.

F I G U R E  2  Scavenging activity of 
BFL (0.1%, 0.3%, 1%, 3%, 10%, 30%) 
on (A) DPPH, (B) ABTS, (C) hydroxyl 
radical, and (D) superoxide radical by 
free radical scavenging experiments. 
Values are represented as a percentage 
of the control. Data are shown as 
mean ± standard deviation (n = 3).
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3432  |    WANG et al.

pathogens through antibacterial effects or indirectly through inflam-
matory pathways, providing the first- line immune defense against 
pathogens.31,32 Attila et al. found that Bifidobacterium longum extract 
effectively improved the expression of barrier gene TGM1 and anti-
microbial peptide genes in normal human epidermal keratinocytes.33 
In addition, Vitreoscilla filiformis extract showed to strengthen the 
skin barrier by increasing the expression of FLG, IVL, and antimi-
crobial peptide β- defensin- 4A in normal human epidermal keratino-
cytes.19 In our study, BFL enhanced skin physical and antimicrobial 
barrier- associated genes in HaCaT cells, as shown by increasing FLG, 

LOR, IVL, AQP3, TGM1, CAMP, and hBD- 2 mRNA expression levels 
(Figure 1A,C). Moreover, a dose- dependent rise in FLG protein levels 
was also observed after BFL treatment (Figure 1B). We considered 
that BFL promoted the skin barrier by inducing the expression of 
keratinocyte differentiation molecules and antimicrobial peptide 
genes.

Since skin defends the body from the external harmful envi-
ronments, it would be the most influenced organ from oxidative 
stress as a result of exogenous ROS stimuli.34,35 A large variety of 
environmental factors such as solar ultraviolet (UV) light, visible 

F I G U R E  3  Antioxidant capacity of BFL on HaCaT cells. Effect of BFL on increasing the antioxidant enzymes (A) CAT, (B) SOD, and (C) 
GSH- Px, and decreasing (D) ROS content and (E) MDA in H2O2- stimulated HaCaT cells. Data are shown as mean ± SD (n = 3). *p < 0.05 
and **p < 0.01 indicate significant differences compared with the H2O2 stimulation group; #p < 0.05 and ##p < 0.01 indicate significant 
differences compared with the control group.

F I G U R E  4  Anti- inflammatory effect of BFL on THP- 1 macrophages. The production of (A) IL- 8 and (B) TNF- α was quantified by ELISA, 
and (C) COX- 2 mRNA expression was detected by RT- PCR. Data are shown as mean ± standard deviation (n = 3). **p < 0.01 indicates 
significant differences compared with the LPS stimulation group; ##p < 0.01 indicates significant differences compared with the control 
group.
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light, environmental pollution, including ozone and particulate 
matter, increase the production of ROS in the skin.36,37 Oxidative 
stress and its resulting oxidative damages can exacerbate skin bar-
rier disruption. Furthermore, skin barrier deficiency and inflam-
matory response each is highly relevant to the other.38,39 In the 
process of skin inflammation, the formation of pro- inflammatory 
cytokines will interfere with the permeability of the barrier, thus 
affecting the normal function of the skin.40 In this study, we found 
that BFL efficiently scavenged free radicals in a dose- dependent 
manner (Figure 2). At the cellular level, BFL treatment radi-
cally boosted antioxidant enzymes (CAT and GSH- Px) activities 
(Figure 3A,C), reduced intracellular ROS contents (Figure 3D), and 
inhibited the release of MDA (Figure 3E) in H2O2- induced HaCaT 
cells. According to the prominent scavenging activities of BFL on 
hydroxyl radicals in vitro, we speculated that BFL might attenuate 
H2O2- stimlated cell oxidative damage by scavenging the content 
of hydroxyl radicals, as well as promoting the antioxidant capac-
ity of HaCaT cells. The cell- free culture supernatant produced by 
Bifidobacterium longum subsp. exhibited strong scavenging activ-
ity on DPPH and hydroxyl radicals, which was consistent with our 
study.41 This manifested that BFL exhibited a strong radical scav-
enging and anti- oxidant effect. A study by Kang et al. showed that 
Lactobacillus buchneri extract significantly increased the activity 
of CAT and SOD in UVB- damaged fibroblasts and HaCaT kerati-
nocytes.42 It is worth noting that we found BFL could suppressed 
the content of inflammatory cytokines and mediators, includ-
ing IL- 8, TNF- α, and COX- 2 in LPS- induced THP- 1 macrophages 
(Figure 4A– C). Previous research displayed that Limosilactobacillus 
reuteri PTCC 1655 cell- free culture supernatant significantly de-
creased THP- 1 macrophages cytokines such as TNF- α, IL- 1β, and 

COX- 2.43 Combined with these results, we believed that BFL could 
ameliorate the balance of the skin barrier by effectively scaveng-
ing free radicals, resisting to oxidative stress and boosting cellular 
immune function, thus restoring the skin barrier function.

Probiotics preparations present tremendous potential to pro-
mote skin health, as well as prevent and treat skin diseases. Our 
study provides emerging insight into the beneficial effects of BFL on 
increasing epidermal terminal differentiation molecules, antimicro-
bial peptide synthesis, free radical scavenging capacity, and protect-
ing cellular antioxidation and immune defense depicted in Figure 5. 
Therefore, BFL can strengthen the skin barrier function and stimu-
late skin defenses, to reinforce the skin against oxidative stress and 
inflammatory stimuli.
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