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RESUMO 
 
 
 

A pele funciona como uma barreira física, protegendo o organismo contra a 

invasão de microrganismos ambientais, cuja penetração pode causar diversas 

patologias. Quando há ruptura desse tecido, lesões cutâneas podem ocorrer, 

levando à infecção, e, se a ferida permanece aberta por mais de seis semanas, é 

considerada crônica. Esse tipo de lesão favorece a proliferação bacteriana, 

atrasando o processo de cicatrização e podendo evoluir para infecções graves. Os 

custos elevados no tratamento dessas lesões epiteliais, a crescente resistência 

microbiana e os efeitos colaterais de terapias convencionais destacam a 

necessidade de novas abordagens terapêuticas. Nesse cenário, a bioprospecção 

de compostos bioativos e produtos biotecnológicos ganham relevância. Neste 

contexto, o presente estudo buscou desenvolver um hidrogel à base de goma guar 

contendo Lactiplantibacillus plantarum M2. A metodologia empregada, 

envolveu a avaliação da eficácia e toxicidade da formulação; a toxicidade 

dérmica por dose repetida em camundongos e suas análises hematológicas, 

bioquímicas e histopatológicas e anti-inflamatória. Os resultados indicaram a 

eficiência in vitro da formulação, ausência de irritação, toxicidade ou alterações 

hematológicas e histopatológicas e ainda o efeito anti-inflamatório, reforçando a 

segurança e eficácia da formulação. Outrossim, esses resultados reforçam a 

possível proposta de adaptação e continuidade dos estudos deste promissor 

bioproduto tópico, ciente dos posteriores e necessários ensaios clínicos em larga 

escala e a avaliação de efeitos a longo prazo. 

 

Palavras-Chave: Probióticos, Infecções de Pele, hidrogel tópico,                            

Lactiplantibacillus, Efeito anti-inflamatório 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



ABSTRACT 

 

 

The skin acts as a physical barrier, protecting the body against the invasion of 

environmental microorganisms, whose penetration can cause various 

pathologies. When this tissue ruptures, skin lesions can occur, leading to 

infection, and if the wound remains open for more than six weeks, it is considered 

chronic. This type of injury encourages bacterial proliferation, slowing down the 

healing process and potentially developing into serious infections. The high costs 

of treating these epithelial lesions, growing microbial resistance and the side 

effects of conventional therapies highlight the need for new therapeutic 

approaches. In this scenario, the bioprospecting of bioactive compounds and 

biotechnological products is gaining relevance. In this context, this study sought 

to develop a guar gum-based hydrogel containing Lactiplantibacillus plantarum 

M2. The methodology employed involved evaluating the efficacy and toxicity of 

the formulation; dermal toxicity by repeated dose in mice and its hematological, 

biochemical and histopathological and anti-inflammatory analyses. The results 

indicated the formulation's in vitro efficiency, absence of irritation, toxicity or 

hematological and histopathological alterations, as well as its anti-inflammatory 

effect, reinforcing the formulation's safety and efficacy. Furthermore, these 

results reinforce the possible proposal to adapt and continue the studies of this 

promising topical bioproduct, aware of the subsequent and necessary large-scale 

clinical trials and the evaluation of long-term effects. 

 

Keywords: Probiotics, Skin infections, Topic hydrogel, Lactiplantibacillus,        

Anti-inflammatory effect 
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1. INTRODUÇÃO 
 

 
A pele possui um importante sistema de defesa do corpo humano. Esta atua como 

barreira física, evitando que diversos microrganismos do ambiente possam penetrar no 

organismo, provocando assim diversas patologias (QUARESMA, 2019). No entanto, 

quando há uma ruptura deste tecido, pode levar a lesões cutâneas e infecções. A perda de 

continuidade do tecido cutâneo pode ser provocada por diferentes traumas físicos e 

mecânicos, ou mesmo por conta de um procedimento clínico, desencadeando mecanismos 

imunológicos (NGUYEN; SOULIKA, 2019). Esta ruptura é descrita como crônica quando 

o processo de cicatrização é superior a seis semanas (SCOTTON; MIOT; ABBADE, 2014). 

Em adição, as principais implicações da lesão aberta é a possibilidade de progressão 

para um quadro infeccioso em função da sua exposição a um ambiente favorável a 

proliferação microbiana (QUARESMA, 2019). A presença de bactérias nas feridas, mesmo 

quando não há processo infeccioso instalado, desencadeiam respostas locais ou sistêmicas, 

que levam ao atraso do processo de reparo tecidual. Esse atraso na cicatrização promove a 

colonização de outras espécies bacterianas (EMING; MARTIN; TOMIC-CANIC, 2014).  

As infecções em feridas mostram um importante crescimento no ambiente hospitalar, 

estas, quando graves, contribuem de maneira significativa para a piora, e por vezes ao óbito 

dos pacientes (KAYE et al., 2015). Entre as principais bactérias causadoras dessas infecções 

crônicas e agudas em humanos estão Pseudomonas aeruginosa e Staphylococcus aureus, 

responsáveis por altas taxas de mortalidade em hospitais, principalmente em pacientes com 

feridas ou queimaduras (SERRA et al., 2015). Estes patógenos, devido ao  uso   

indiscriminado  de  antibióticos,   possuem  diversas linhagens com resistência a vários 

antibióticos, o que culminam na dificuldade no tratamento dessas infecções (JAWAD, 2016). 

Os efeitos colaterais das terapias convencionais, o custo dos tratamentos relacionados 

à patologia cicatricial, o crescimento da resistência microbiana, bem como do número de 

óbitos devido estas infecções decorrentes da injúria do epitélio, revelam uma necessidade da 

medicina moderna de novos metodologias terapêuticas. Nesse sentido, novas alternativas 

têm sido estudadas com o intuito de auxiliar no tratamento das injurias ao tecido epitelial. A 

bioprospecção de compostos bioativos e produtos biotecnológicos, tem ganhado destaque 

especial nesse processo. Nesse contexto, os probióticos representam uma alternativa de 

grande potencial, uma vez que, estes possuem  diversas aplicações na medicina, sendo 

capazes de estimular o sistema imunológico (ASHRAF; SHAH, 2014), possuindo atividade 

contra vírus, bactérias e fungos (SHENOY; GOTTLIEB, 2019; INFUSINO et al., 2020; JI; 

YANG, 2020) e melhorando o prognóstico de pacientes diabéticos (ARDESHIRLARIJANI 
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et al., 2019). 

Vários microrganismos, como fungos e bactérias, entre eles os lactobacilos são os 

mais utilizados. O gênero Lactobacillus foi recentemente revisado, resultando na 

distribuição das espécies dando origem a 23 novos gêneros (ZHENG et al., 2020). Cepas de 

lactobacilos têm sido amplamente utilizadas em terapêuticas de cicatrização de feridas, bem 

como no tratamento de infecções e ensaios experimentais in vitro e in vivo (ARGAÑARAZ 

AYBAR et al., 2022; SODRÉ et al., 2023; SOUSA et al., 2023). Nesse contexto, a aplicação 

tópica de lactobacilos tem sido sugerida como uma nova alternativa para tratamento de 

feridas, devido às suas capacidades imunomoduladoras e cicatrizantes, além de apresentarem 

efeitos  antagônicos  contra  patógenos  por  meio de exclusão competitiva (KNACKSTEDT; 

KNACKSTEDT; GATHERWRIGHT, 2020; FRANÇA, 2021; HABEEBUDDIN et al., 

2022). 

O probiótico Lactiplantibacillus plantarum, anteriormente denominado 

Lactobacillus plantarum (ANVISA, 2021), uma bactéria ácido-láctica Gram-positiva, é 

amplamente utilizada na indústria alimentícia e encontrado em alimentos fermentados e no 

trato gastrointestinal (ROCCHETTI et al., 2021). Isolados desse bioativo destacam-se pela 

produção de proteínas extracelulares, exopolissacarídeos, bacteriocinas e ácidos 

lipoteicóicos, substâncias que auxiliam na modulação imunológica e apresentam 

propriedades antioxidantes, anti-inflamatórias x potencial anticancerígeno (FIDANZA; 

PANIGRAHI; KOLLMANN, 2021) e atividades antimicrobianas (ALTUNTAS et al., 

2024).  

Existem diversos veículos ou formulações farmacêuticas, como cremes, géis, géis-

creme, pomadas que podem ser utilizadas para desenvolver produtos contendo probióticos. 

A escolha do veículo é feita de acordo com as especificações para garantir a viabilidade 

bacteriana (como produto probiótico) e a estabilidade do produto, sendo necessário observar 

fatores como a estabilidade química e física do preparado, a preservação adequada contra 

contaminação microbiana e a uniformidade do ingrediente ativo utilizado (SODRÉ et al., 

2023; SOUSA et al., 2023). 

Os hidrogéis são produtos promissores para a cicatrização de feridas devido a 

algumas características particulares (STAN et al., 2021), como a capacidade de proteger o 

tecido lesionado, absorver o exsudado e apoiar a regeneração do tecido, o que aumenta o seu 

potencial de cura da pele (YANG; WANG, 2023). Além disso, essas matrizes poliméricas 

podem transportar e fornecer liberação sustentada de antimicrobianos no leito da ferida, o 

que poderia ser um caminho para o tratamento de lesões infectadas (SCHALY et al., 2022).  

Hidrogéis à base de polissacarídeos têm sido utilizados para o desenvolvimento de 
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formulações cicatrizantes devido à sua alta biocompatibilidade e capacidade de adsorção, 

promovendo um ambiente úmido para a ferida (RIBEIRO et al., 2019; QI et al., 2022). Um 

exemplo interessante de polímero para o desenvolvimento de produtos probióticos tópicos é 

a goma guar, derivada da semente da leguminosa Cyamopsis tetragonolobus, destaca-se 

como um polissacarídeo hidrofílico com propriedades gelificantes e espessantes, 

configurando-se como um ingrediente essencial em formulações tópicas variadas 

(TAHMOUZI et al., 2023). 

A estrutura molecular da goma guar é composta por uma cadeia principal de unidades 

de manose interligadas por ligações β-1,4-glicosídicas, às quais encontram-se ramificadas 

nas posições C-6. Essa configuração estrutural permite uma elevada capacidade de absorção 

e retenção de água, possibilitando a formação de géis transparentes e estáveis em uma ampla 

faixa de pH. Adicionalmente, a viscosidade dos géis formados pode ser ajustada conforme a 

concentração de goma guar, o que assegura sua versatilidade para diferentes finalidades de 

aplicação (GUTIERREZ-REYES et al., 2022). 

Esse biopolímero possui uma composição química singular, rica em galactomanana, 

o que explica sua ampla aplicabilidade e funcionalidade, especialmente nas indústrias 

farmacêutica e cosmética (IQBAL et al., 2020). Assim, a incorporação de substâncias ativas 

nestes hidrogéis tem representado uma importante alternativa terapêutica no combate às 

feridas infectadas, uma vez que estas formulações atuam como sistemas transdérmicos de 

dispersão controlada, permitindo a otimização do tratamento de lesões cutâneas (BAJAS et 

al., 2021). 

Este trabalho teve como objetivo desenvolver um hidrogel à base de goma guar 

incorporado com Lactiplantibacillus plantarum M2, com intuito de verificar possíveis 

ocorrências de irritabilidade e toxicidade dessa formulação, a fim de que possa ser realizada 

uma aplicação segura e eficaz dessa forma em possíveis tratamentos dérmicos, 

impulsionando o desenvolvimento de produtos dermocosméticos e terapêuticos que 

combinem biocompatibilidade, funcionalidade e sustentabilidade. 
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2. REVISÃO BIBLIOGRÁFICA 
 

2.1 PELE: FISIOLOGIA E HISTOLOGIA 
 

A pele, o maior órgão do corpo humano, desempenha funções cruciais, incluindo 

proteção, regulação térmica e percepção sensorial. Composta por três camadas principais 

epiderme, derme e hipoderme, cada uma possui características fisiológicas específicas que 

colaboram para a homeostase. A epiderme, predominantemente formada por queratinócitos, 

forma uma barreira impermeável que impede a desidratação e protege contra patógenos 

(KOTTNER et al., 2021). Por sua vez, na derme, as fibras de colágeno e elastina conferem 

resistência e elasticidade, enquanto a presença de vasos sanguíneos e terminações nervosas 

é fundamental para a nutrição e percepção sensorial (KWON et al., 2022). Além disso, a 

hipoderme atua como um isolante térmico e reserva energética, evidenciando a importância 

da integridade estrutural e funcional da pele para a saúde do organismo (ZOUBOULIS et al., 

2023). Assim, esses mecanismos dinâmicos são fundamentais para a cicatrização de feridas 

e a resposta a agressões ambientais (PROKSCH et al., 2023). 

Em complemento, a histologia da pele revela uma estrutura complexa, organizada 

em camadas que desempenham funções distintas e interdependentes. A epiderme é composta 

por múltiplas camadas de queratinócitos, que variam em morfologia e função, desde a 

camada córnea, composta por células mortas, até a camada basal, onde ocorre a proliferação 

celular, configuram-se nessa camada (KWON et al., 2023). A derme, dividida em derme 

papilar e reticular, contém uma rica rede de colágeno e elastina, além de glândulas anexas e 

folículos pilosos, que contribuem para a homeostase e resposta imune (GOMEZ et al., 2023). 

Por outro lado, a hipoderme, constituída por tecido adiposo, não só atua como amortecedor 

e isolante, mas também é um local importante para a vascularização e armazenamento de 

lipídios, essencial para a função metabólica da pele (DAHAL et al., 2024). Portanto, a 

compreensão detalhada dessas estruturas histológicas é vital para o desenvolvimento de 

intervenções terapêuticas em condições dermatológicas (ZOU et al., 2022).  

 

2.2 DISTÚRBIOS INFLAMATÓRIOS NA PELE 
 

A inflamação por sua vez é uma resposta fundamental e protetora ao organismo, 

quando ocorre de maneira e em intensidade adequadas. Essa é desencadeada principalmente 

pela produção de citocinas e quimiocinas pró-inflamatórias, como TNF-α, IL-1, que levam 

a quimiotaxia de leucócitos, e a ativação clássica de macrófagos, que buscam limitar o 

processo infeccioso ao sítio de inflamação, evitando maiores danos ao organismo 

(STEWART; BEART, 2016). No entanto, uma vez que a ferida permanece aberta, o 
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processo inflamatório, tende a se acentuar, levando a lesão tecidual, desconforto e dor. Se 

esse processo perdura por muito tempo, como tende a ocorrer em pacientes diabéticos e/ou 

com feridas infeccionadas, o processo inflamatório pode tornar-se crônico (KIMBALL et 

al., 2018). 

Ademais, os distúrbios inflamatórios da pele são condições resultantes de reações 

imunes exacerbadas, frequentemente desencadeadas por fatores ambientais, infecciosos ou 

autoimunes. Exemplos comuns incluem dermatite atópica, psoríase e urticária, cada um com 

características clínicas distintas. A dermatite atópica se manifesta por prurido intenso e 

lesões eczematosas, associada a uma disfunção na barreira cutânea que permite a entrada de 

alérgenos e irritantes (WOLLINA et al., 2022). Por sua vez, a psoríase é caracterizada por 

placas eritematosas cobertas por escamas prateadas, resultantes da hiperproliferação de 

queratinócitos e inflamação crônica da derme (MORGAN et al., 2023). Assim, a 

compreensão dos mecanismos subjacentes a esses distúrbios é crucial para o 

desenvolvimento de terapias direcionadas que visem não apenas os sintomas, mas também 

a modulação da resposta inflamatória (GUTERMAN et al., 2024). 

Nesse contexto, o manejo dos distúrbios inflamatórios da pele envolve uma 

abordagem multifacetada que inclui tanto tratamentos tópicos quanto sistêmicos. Corticoides 

tópicos são frequentemente utilizados para reduzir a inflamação e aliviar sintomas como 

prurido e eritema (BOWEN et al., 2023). Em casos mais severos, agentes imunossupressores 

ou biológicos podem ser empregados, especialmente na psoríase, onde a inibição de citocinas 

inflamatórias, como o TNF-alfa e IL-17, mostrou eficácia significativa (GUTERMAN et al., 

2024). Além disso, terapias complementares, como fototerapia e cuidados com a pele, 

desempenham um papel vital no controle da doença e na melhora da qualidade de vida dos 

pacientes (KANE et al., 2023). E a pesquisa contínua sobre os mecanismos moleculares 

envolvidos na inflamação cutânea que é fundamental para a identificação de novos alvos 

terapêuticos e abordagens inovadoras (PICKETT et al., 2023). 

 

2.3 INFECÇÕES NA PELE 
 

Além disso, as infecções cutâneas representam um importante desafio clínico e podem 

ser causadas por diversos patógenos, incluindo bactérias, vírus, fungos e parasitas. Entre as 

infecções bacterianas mais comuns, a celulite e o impetigo se destacam. A primeira, 

caracterizada por uma infecção profunda da pele e tecido subcutâneo, apresenta sinais como 

eritema, edema e dor local, frequentemente causada por Staphylococcus aureus ou 

Streptococcus pyogenes (WATSON et al., 2023). Em contraste, o impetigo é uma infecção 

superficial altamente contagiosa que, embora mais prevalente em crianças, pode afetar 
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indivíduos de qualquer idade, sendo tipicamente causada por Staphylococcus aureus, que 

pode provocar vesículas e crostas amarelas na pele (HOBBS et al., 2024). O reconhecimento 

precoce e o tratamento adequado são essenciais para prevenir complicações e a disseminação 

das infecções (KAPLAN et al., 2023). 

Nesse sentido, o tratamento das infecções cutâneas envolve geralmente o uso de 

antibióticos, sendo a escolha do fármaco dependente do patógeno causador e da gravidade 

da infecção. Para infecções bacterianas, antibióticos orais, como a dicloxacilina ou a 

cefalexina, são frequentemente indicados (KAPLAN et al., 2023). Em casos de infecções 

fúngicas, como a candidíase cutânea, antifúngicos tópicos ou sistêmicos podem ser 

necessários, dependendo da extensão da infecção (JENKINS et al., 2023). Além disso, a 

prevenção de infecções cutâneas é igualmente importante e envolve medidas como a 

manutenção da higiene adequada, o cuidado de feridas e o tratamento de condições 

predisponentes, como diabetes e imunossupressão (MARCUS et al., 2024). A educação do 

paciente sobre esses aspectos é fundamental para a redução da incidência de infecções 

cutâneas (HOBBS et al., 2024). 

 

2.4 ASPECTOS GERAIS DOS PROBIÓTICOS 
 

Por outro lado, os probióticos são microrganismos vivos que, quando administrados em quantidades 

adequadas, conferem benefícios à saúde do hospedeiro, especialmente em relação ao equilíbrio da 

microbiota intestinal (RODRIGUEZ et al., 2022). Comumente encontrados em alimentos fermentados, 

como iogurtes e kefir, bem como em suplementos, os probióticos podem auxiliar na prevenção e 

tratamento de diversas condições, como diarreia, síndrome do intestino irritável e até doenças inflamatórias 

intestinais (O'SULLIVAN et al., 2023). Além de seu impacto positivo na saúde digestiva, há evidências 

emergentes que sugerem que os probióticos podem ter efeitos benéficos sobre o sistema imunológico e a 

saúde mental, modulando a resposta inflamatória e a produção de neurotransmissores (KOREN et al., 

2024). Assim, a pesquisa contínua sobre a composição e a função dos probióticos é fundamental para 

elucidar seus mecanismos de ação e potencializar suas aplicações terapêuticas (FARAHANI et al., 2023). 

Para que um microrganismo seja considerado como probiótico deve ser: viável,  benéfico à saúde,  

apresentar propriedades não patogênicas, ser resistente ao processamento tecnológico, apresentar-se como 

células vivas e em quantidades adequadas, resistir às condições adversas do trato intestinal (SILVA et al., 

2023; OLIVEIRA et al., 2024), sobreviver aos efeitos do ácido clorídrico e dos sais biliares produzidos 

pelo sistema digestivo, colonizar o intestino, mesmo que temporariamente, produzir substâncias 

antimicrobianas e apresentar influência sobre o sistema imunológico e nas atividades metabólicas 

(SESTITO et al., 2020).  
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Esses critérios são fundamentais para garantir que os probióticos exerçam suas funções benéficas de 

forma eficaz e segura, uma vez que a viabilidade e a resistência a condições adversas são determinantes 

para a colonização e a manutenção de um ambiente intestinal saudável (REID; RUSSELL, 2021; 

MARTINS et al., 2023). A avaliação dessas características, portanto, não apenas orienta a seleção de cepas 

apropriadas para formulações probióticas, mas também fundamenta a pesquisa sobre sua aplicação em 

intervenções clínicas voltadas para a promoção da saúde intestinal e da pele (PEREIRA et al., 2023; 

GOMES et al., 2024). 

Os probióticos têm sido cada vez mais estudados como uma abordagem terapêutica promissora para 

distúrbios inflamatórios da pele, como dermatite atópica e psoríase (MARTÍNEZ et al., 2022). Essas 

condições são frequentemente associadas a um desequilíbrio na microbiota cutânea e a uma resposta 

imune exacerbada. A administração de probióticos pode ajudar a restaurar a microbiota saudável, 

modulando a resposta inflamatória e promovendo a função de barreira da pele (GONZALEZ et al., 2023). 

Estudos demonstram que o uso de probióticos, tanto tópicos quanto orais, pode reduzir a gravidade dos 

sintomas e melhorar a qualidade de vida dos pacientes com dermatite atópica, minimizando a inflamação 

e a erupção cutânea (KIM et al., 2023; SILVA et al., 2024). 

Para abordar a influência dos probióticos na produção de componentes estruturais da pele, é essencial 

analisar a interação entre a microbiota intestinal e a saúde da pele (GUT, 2021). Estudos recentes indicam 

que a administração de probióticos pode modular a produção de colágeno e elastina, dois componentes 

cruciais para a manutenção da integridade cutânea (SMITH; JONES, 2022). Os mecanismos envolvidos 

incluem a regulação da resposta inflamatória e a promoção da síntese de fatores de crescimento, que 

estimulam fibroblastos a produzir matriz extracelular, essencial para a elasticidade e firmeza da pele (LEE 

et al., 2023). 

Além disso, os probióticos têm sido associados à manutenção da barreira cutânea e à redução da 

permeabilidade, o que pode diminuir a perda de água transepidérmica e, consequentemente, melhorar a 

hidratação da pele (WANG; ZHANG, 2022). A produção de ácidos graxos de cadeia curta por bactérias 

benéficas no intestino também pode influenciar a biogênese lipídica na pele, promovendo a produção de 

ceramidas, que desempenham um papel fundamental na estrutura e função da barreira epidérmica 

(MARTINS; FERNANDES, 2023). Esses achados ressaltam a importância dos probióticos não apenas 

na saúde intestinal, mas também como uma estratégia potencial para otimizar a regeneração e a função da 

pele (SILVA, 2021). 

 

2.5 PROBIÓTICOS PARA O TRATAMENTO DE DISTÚRBIOS INFLAMATÓRIOS 
NA PELE 

 
Os efeitos benéficos dos probióticos nos distúrbios inflamatórios da pele podem ser atribuídos a vários 

mecanismos de ação. Eles podem atuar na modulação da resposta imune local, promovendo a produção 
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de citocinas anti-inflamatórias e reduzindo a atividade de mediadores inflamatórios (LEE et al., 2024). 

Além disso, os probióticos podem fortalecer a barreira cutânea, aumentando a produção de ceramidas e 

outras substâncias que protegem a pele contra irritantes e alérgenos. Essa combinação de efeitos resulta em 

uma redução significativa dos sintomas inflamatórios e em uma melhoria geral da saúde cutânea (HART 

et al., 2023). E a pesquisa continua a explorar as melhores cepas e formas de administração de probióticos 

para maximizar seus benefícios terapêuticos em distúrbios inflamatórios da pele (MALIK et al., 2023). 

Os probióticos modulam a inovação científica através de vários mecanismos, incluindo a interação 

direta com células epiteliais e a mediação de respostas imunológicas sistêmicas (NEAL et al., 2023). A 

transmissão de metabólitos bioativos, como ácidos graxos de cadeia curta (AGCC), desempenha um papel 

crucial na redução de citocinas pró-inflamatórias, como IL-6 e TNF-α (OSCHERWITZ, 2021). A 

restauração do equilíbrio da microbiota também é essencial, especialmente em condições como dermatite 

atópica e psoríase (SMITH; CHANG, 2023). Determinados ensaios clínicos evidenciaram a eficácia do 

Lactobacillus rhamnosus em reduzir sintomas de dermatite atópica (D'COSTA et al., 2022), enquanto 

alguns estudos pré-clínicos demonstraram que o Bifidobacterium breve pode atenuar lesões psoriáticas em 

modelos animais, causando infiltração de linfócitos, e expressão de marcadores inflamatórios (YAN et al., 

2022). Esses resultados ressaltam a relevância dos probióticos como uma abordagem terapêutica 

promissora para doenças inflamatórias (MARTINS et al., 2023).  

 

2.6 PROBIÓTICOS PARA O TRATAMENTO DE INFECÇÕES NA PELE 
 

Os probióticos têm sido investigados como uma alternativa promissora para o tratamento de infecções 

cutâneas, devido à sua capacidade de modular a microbiota da pele e inibir o crescimento de patógenos. 

Pesquisas mostram que certas cepas de probióticos podem competir com microrganismos patogênicos, 

como Staphylococcus aureus e Candida albicans, reduzindo sua colonização e promovendo um ambiente 

cutâneo mais saudável (KIM et al., 2023). Além disso, os probióticos podem estimular a resposta 

imunológica local, aumentando a produção de anticorpos e melhorando a defesa contra infecções, o que é 

particularmente relevante em condições como acne e dermatite, onde a inflamação e a colonização 

bacteriana são predominantes (DANIELS et al., 2024). 

Os mecanismos pelos quais os probióticos exercem seus efeitos protetores contra infecções cutâneas 

incluem a secreção de substâncias antimicrobianas, como bacteriocinas e ácidos orgânicos, que inibem 

diretamente a proliferação de patógenos (FERREIRA et al., 2023). Além disso, os probióticos podem 

fortalecer a barreira cutânea ao promover a produção de lipídios e proteínas estruturais, que ajudam a 

prevenir a entrada de agentes infecciosos (MALIK et al., 2023). A utilização de probióticos em terapias 

tópicas, como cremes e géis, tem mostrado eficácia na redução da severidade de infecções cutâneas, 

proporcionando uma alternativa ou complemento aos tratamentos antimicrobianos tradicionais, 
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especialmente em um contexto de crescente resistência bacteriana (GARCÍA et al., 2024). 

Os probióticos têm se mostrado promissores no tratamento e prevenção de infecções cutâneas, devido 

à sua capacidade de modular a microbiota da pele e inibir o crescimento de patógenos. Cepas como 

Lactobacillus rhamnosus GG e Bifidobacterium longum competem por espaço e recursos, além de 

produzirem substâncias antimicrobianas contra microrganismos como Staphylococcus aureus e 

Propionibacterium acnes (NIKKARI et al., 2022; JIANG et al., 2023). Ensaios clínicos indicam que 

Lactiplantibacillus plantarum pode reduzir lesões em dermatite atópica, evidenciando efeitos 

antimicrobianos e anti-inflamatórios (BEASLEY et al., 2023). Os mecanismos de ação incluem a 

produção de bacteriocinas, proteínas que inibem patógenos e favorecem o equilíbrio da microbiota 

(COTTER et al., 2021), e de ácidos orgânicos, como o lático e o acético, que acidificam o meio e dificultam 

a proliferação bacteriana (MOLLESTAD et al., 2022). Dessa forma, a seleção adequada de cepas 

probióticas pode representar uma abordagem terapêutica eficaz para diversas condições dermatológicas 

(ZHENG et al., 2022). 

A interação sinérgica entre essas substâncias contribui para a competitividade das cepas probióticas 

em relação aos patógenos, ao mesmo tempo que estimula a resposta imune local, promovendo uma 

barreira protetora (KIM et al., 2023). Estudos recentes indicam que essa modulação da microbiota pode 

ter implicações significativas na prevenção e no tratamento de condições dermatológicas, como acne e 

eczema, evidenciando o potencial terapêutico dos probióticos na saúde da pele (KUMAR et al., 2023), 

conforme é ilustrado, em seguida, na Tabela 1.  

 

    Tabela 1 – Estudos que evidenciam o potencial terapêutico dos probióticos na saúde da pele 

Microrganismos 
probióticos 

Formulações 
utilizadas 

Composição 
química 

Condição 
dermatológica 

Referência 

Lactobacillus reuteri 
DSM 17938 

Pomadas Manteiga de 
karité, óleo de 
canola, óleo de 
canola 
hidrogenado e o 
Lactobacillus 
reuteri DSM 
17938 liofilizado. 

Dermatite atópica BUTLER, 2020 

Lactobacillus 
plantarum 8P-A3 

Emplastro/ 

Bandagem 

Membranas de 
polímeros: Uma 
de policarbonato, 
impermeável a 
bactérias e uma 
segunda, 
semipermeável.  

Distúrbios 
dermatológicos 
em geral 

KHALFALLAH et al., 
2021 
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Lacticaseibacillus 
rhamnosus GG,  

L. plantarum 
WCFS1 e 
Lactiplantibacillus 
pentosus KCA1 

Microcápsulas 
em um creme 
tópico 

Creme de óleo 
em água (O/A) 

Acne vulgar leve 
a moderada 

LEBEER et al., 2022 

Lactiplantibacillus 
plantarum LB244R 

Pomada 
probiótica 

Manteiga de 
karité, óleo de 
colza refinado 
orgânico, óleo de 
jojoba, azeite 
hidrogenado, 
óleo híbrido de 
girassol e 
tocoferol. 

Envelhecimento 
da pele 

FALHOLT et al., 2023 

Lactobacillus spp Extratos 
probióticos 

Mel, cúrcuma e 
vitamina B12 e  
adição dos 
extratos 
probióticos. 

Couro cabeludo 
seco 

FITHIAN et al., 2023 

 

2.7 AVALIAÇÃO DE IRRITABILIDADE DE PRODUTOS TÓPICOS CONTENDO 
PROBIÓTICOS 

 
Ademais, a avaliação de irritabilidade de produtos tópicos contendo probióticos é fundamental para 

garantir a segurança e a eficácia desses produtos na dermatologia. Estudos clínicos demonstram que, em 

geral, os probióticos apresentam baixo potencial irritante, tornando-os candidatos ideais para formulações 

destinadas a peles sensíveis ou em condições inflamatórias, como dermatite atópica (REID et al., 2023). 

Testes de irritabilidade, como o teste de contato ou “patch test”, são frequentemente utilizados para 

determinar a resposta cutânea a esses produtos, avaliando reações como eritema, prurido e descamação 

(GAO et al., 2023). Resultados positivos nesses testes indicam que os probióticos podem  ser introduzidos 

em cremes e géis sem causar efeitos adversos significativos, permitindo que mais pacientes se beneficiem 

de suas propriedades terapêuticas (FERRIS et al., 2024). 

Finalmente, a regulamentação e as diretrizes para a avaliação de produtos tópicos com probióticos 

variam entre diferentes regiões, mas envolvem geralmente a realização de estudos pré-clínicos e clínicos 

rigorosos (WANG et al., 2023). É crucial que os fabricantes sigam normas estabelecidas para garantir que 

as cepas de probióticos utilizadas sejam seguras e eficazes, além de estarem presentes em quantidades 

adequadas para promover benefícios terapêuticos (JONES et al., 2024). Além disso, a formulação deve 

ser estável e compatível com a pele, evitando interações que potencializem a irritabilidade (MORALES et 

al., 2024). Assim, com a crescente demanda por produtos naturais e menos agressivos, a avaliação 

adequada da irritabilidade desses produtos é essencial para a aceitação pelo mercado e a segurança do 

paciente (THOMPSON et al., 2023), conforme é ilustrado, em seguida, na Tabela 2. 
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              Tabela 2 – Estudos que evidenciam a segurança e eficácia de probióticos tópicos 

Produto 
Probiótico 
Tópico 

Composição 
química 

Estudo de 
Segurança 

Resultados da 
Avaliação de 
Segurança 

Referência 

Creme de 
Lactobacillus 
rhamnosus GG 

Lactobacilos, 
emulsificantes, 
agentes 
hidratantes   

Estudo em 
pacientes com 
dermatite 
atópica 
(n=100)   

Melhora na 
hidratação da 
pele e redução 
de 
inflamações; 
bem tolerado 

MARCHESI   
et al., 2021. 

Gel de 
Bifidobacterium 
bifidum 

Bifidobactérias, 
glicerina, 
extratos vegetais 

Avaliação em 
pacientes com 
acne (n=80)   

Redução de 
lesões acneicas 
e melhora na 
oleosidade da 
pele; sem 
efeitos 
colaterais 

FURUKAWA 
et al., 2022. 

Loção de 
Lactobacillus 
plantarum 

Lactobacilos, 
ácido 
hialurônico, 
conservantes   

Avaliação em 
pacientes com 
eczema (n=60)   

Redução 
significativa da 
coceira e 
melhora na 
condição geral 
da pele 

PARK et al., 
2023. 

Gel de 
Bifidobacterium 
longum 

Bifidobactérias, 
gelificante, 
extratos 
botânicos   

Estudo em 
pacientes com 
dermatite 
seborréica 
(n=70)   

Redução da 
descamação e 
oleosidade, 
melhora geral 
da pele; sem 
efeitos 
adversos   

MARTIN, et 
al., 2023. 

Gel de 
Saccharomyces 
boulardii 

Células de 
levedura, 
extratos de algas, 
estabilizantes   

Estudo em 
pacientes com 
rosácea (n=50)   

Redução do 
eritema e 
melhora na 
sensibilidade 
da pele; sem 
eventos 
adversos 

KIM et al., 
2024 

 

 

2.8 FORMULAÇÃO POLISSACARÍDICA DE GOMA GUAR EM HIDROGEL 

TÓPICO 

A goma guar, um polissacarídeo natural extraído das sementes da planta Cyamopsis 

tetragonolobus, é amplamente utilizada em formulações farmacêuticas devido às suas 

propriedades espessantes e estabilizantes. Embora não possua atividades anti-inflamatórias 

ou antimicrobianas intrínsecas, a goma guar pode ser modificada quimicamente para adquirir 

tais propriedades (SHARAHI et al., 2025). Por exemplo, a sulfatação da goma guar resultou 

em derivados com atividade antiproliferativa significativa contra células de carcinoma 

hepatocelular humano (Hep G2) (KAZACHENKO et al., 2021) e carcinoma de mama 

humano (MCF-7) (REBOUÇAS et al., 2023). Além disso, a carboximetilação da goma guar 

melhorou suas propriedades mucoadesivas, tornando-a adequada para o desenvolvimento de 

sistemas de liberação controlada de fármacos . Essas modificações ampliam o potencial 
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terapêutico da goma guar, permitindo sua aplicação em formulações com atividades anti-

inflamatórias e antimicrobianas (AWAN et al., 2024). 

Hidrogéis têm se destacado como sistemas de liberação controlada de fármacos no 

tratamento de infecções tópicas, devido à sua capacidade de manter um ambiente úmido 

favorável à cicatrização e de liberar agentes antimicrobianos de forma sustentada. A 

incorporação de nanopartículas de prata em hidrogéis, por exemplo, tem demonstrado 

eficácia na aceleração da cicatrização de feridas e na redução da carga bacteriana (VEETIL 

et al., 2024). Além disso, hidrogéis à base de polímeros naturais, como quitosana e 

carboximetilcelulose, apresentam propriedades antimicrobianas intrínsecas e 

biocompatibilidade, tornando-os adequados para aplicações tópicas (CHOUDHARY et al., 

2024). Estudos recentes indicam que a funcionalização de hidrogéis com óleos essenciais, 

como o óleo de melaleuca, potencializa sua atividade antimicrobiana, ampliando sua eficácia 

no tratamento de infecções cutâneas (CHELU, 2024). A versatilidade na composição e nas 

propriedades físico-químicas dos hidrogéis permite a adaptação de suas características para 

atender às necessidades específicas de diferentes tipos de lesões, consolidando-os como uma 

abordagem promissora na terapia de infecções tópicas (ANQI et al., 2025). 
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Abstract: The skin plays a crucial role in maintaining homeostasis and protecting against external ag-
gressors. Recent research has highlighted the potential of probiotics and postbiotics in dermatological
treatments and skincare. These beneficial microorganisms interact with the skin microbiota, modulate
the immune response, and enhance the skin barrier, offering a promising therapeutic avenue for
various skin conditions, such as acne, dermatitis, eczema, and psoriasis. This bibliometric study aims
to analyze the global trends and scientific impact of topical probiotics in dermatology. By reviewing
106 articles published between 2013 and 2023, the study categorizes the applications of probiotics
in wound healing, inflammatory skin diseases, and general skincare. The findings indicate a sig-
nificant increase in publications from 2021 onwards, attributed to the heightened focus on medical
research during the COVID-19 pandemic. This study also identifies the most productive countries,
institutions, and authors in this field, highlighting the importance of international collaborations.
The results underscore the efficacy of probiotic-based topical formulations in improving skin health,
reducing inflammation, and enhancing wound healing. This comprehensive analysis supports the
development of new therapeutic strategies based on topical probiotics and encourages high-quality
research in this promising area.

Keywords: topical probiotics; skin microbiome; wound healing; inflammatory skin diseases; skin care

1. Introduction

As the largest organ in the human body, the skin plays a multifaceted and crucial
role in maintaining homeostasis. It serves as a vital physical barrier, regulating essential
functions such as hydration, temperature control, and local immunity [1,2]. The skin
shields the body from a variety of external aggressors, including pathogens, ultraviolet
radiation, pollution, and harmful chemicals [3,4]. However, these environmental factors
can promote the development of persistent skin disorders, such as dermatitis, acne, eczema,
rosacea, psoriasis, wounds, and various infections. Such conditions can compromise the
skin’s natural protective capabilities and adversely impact the quality of life for affected
individuals [5,6].

Similar to the gastrointestinal tract, the skin harbors a complex community of mi-
croorganisms that interact with the host, protecting against pathogens, modulating the
immune response, and preserving the skin barrier integrity [7,8]. The skin microbiome
is a dynamic and complex ecosystem influenced by various factors, such as body region,
age, gender, and geographic location. Common skin microbiota species include Staphylo-
coccus epidermidis, Cutibacterium acnes, and Corynebacterium species, each playing distinct
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roles in maintaining skin health. For instance, S. epidermidis is known for its protective
functions against pathogens [9], while C. acnes is involved in lipid modulation and can
contribute to both skin health and acne development depending on its balance within the
microbiome [10,11].

Studies have shown that the skin microbiome varies significantly across different areas
of the body, such as the face, arms, and axillary region. In contrast, the arms and legs are
commonly studied for conditions like eczema and psoriasis, where maintaining skin barrier
function and hydration is crucial [12,13]. The axillary region, prone to body odor, is another
area of interest, with research targeting Corynebacterium species to manage odor through
probiotic interventions [9].

The use of probiotics and their derived metabolites (postbiotics) has emerged as a
promising therapeutic avenue for a wide range of health conditions, including wound
management, inflammatory diseases, and skin care [14–16]. Probiotics are particularly
effective in treating skin diseases due to their ability to interact with the skin microbiota
and modulate the local immune response [17,18]. These beneficial microorganisms can
effectively colonize the skin, compete with pathogenic species, and exert a protective
influence through various mechanisms, such as enhancing the skin barrier, reducing inflam-
mation, and regulating sebum production [15,19]. Numerous studies have demonstrated
the ability of probiotic strains to alleviate symptoms and improve clinical outcomes in
conditions like acne, dermatitis, eczema, and psoriasis. By restoring the balance of the
skin’s microbial community and dampening inflammatory pathways, probiotics offer a
natural, non-invasive approach to managing a variety of cutaneous disorders [19].

The growing awareness of the importance of the skin microbiome has led to the
introduction of various topical products targeting the skin microbial community. Several
over-the-counter and prescription skin care formulations now incorporate probiotic strains
such as lactobacilli and bifidobacteria [20–22], and even specific strains of C. acnes [10,11].
For example, the brand Aveeno offers a range of products, while La Roche-Posay’s Toleriane
line incorporates postbiotic compounds to soothe sensitive skin. The growing availability
of these topical probiotic-based solutions highlights the increasing recognition of the
importance of maintaining a balanced skin microbiome for overall skin health and resilience.
These topical probiotic-based solutions offer a more holistic and natural approach to
managing skin disorders. The incorporation of these live microorganisms into skincare
products highlights the evolving paradigm in dermatology, where maintaining a healthy
skin microbiome is recognized as a crucial strategy for promoting overall skin health
and resilience.

This bibliometric study aims to analyze the quantity and quality of scientific studies
focused on the application of topical products based on probiotics (and/or their metabolites)
and their impact on different skin conditions and body regions, especially in the face and
arms. It seeks to highlight the main advantages and identify the challenges associated with
this therapeutic approach. Additionally, this study aims to support the development of
new therapeutic strategies based on topical probiotics and encourage high-quality research
in this promising area.

This study did not cover systemic probiotics administered orally or through other
routes. While acknowledging the influence of demographic factors on the skin microbiome,
this study provided a general overview rather than a detailed analysis of these variations.
The primary focus was the direct application of probiotics/postbiotic-based products to
the skin and their potential benefits in dermatological treatments and skincare.

2. Materials and Methods

This study employed a bibliometric approach to map the scientific literature on the
topical use of probiotics for skin applications, including healing processes, inflammatory
diseases, and general skin care. The data search was conducted on the Web of Science
platform on 28 November 2023.
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The search was conducted using the following keywords combined with Boolean
operators: (probiotic OR probiotics) AND (skin OR dermat) AND (topic), as can be seen in
Figure 1. The analysis period spanned from 2013 to 2023, and only articles, reviews, and
early access documents published in English were considered. In total, 203 articles were
initially identified.
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Figure 1. Keywords used in the advanced search of the Web of Science.

The authors conducted a thorough review of the titles and abstracts to include only
studies focusing on the topical use of probiotics for skin applications, with a focus on
healing processes, inflammatory diseases, and general skin care. Articles addressing the
systemic absorption of probiotics were excluded as a criterion. After this screening process,
106 articles were selected, comprising 71 experimental studies and 35 review studies.
The average number of citations per article within this database was then compared to a
reference value (VREF) of 19.47 citations obtained from the Web of Science.

The studies were categorized based on their applications, which included wound
healing effects, combating inflammatory skin diseases, and general skin care. Furthermore,
the most commonly used probiotic strains and the types of formulations produced were
identified and analyzed. Additionally, the annual publication trends were evaluated, and
Welch’s t-test was applied to determine if there were significant changes in the number of
publications over time.

Co-authorship analyses were conducted across countries, institutions, and authors,
with rankings based on citation counts. The Shapiro–Wilk test verified the normality of
the groups for the 10 most cited authors, followed by a one-sample t-test to compare the
average citations per article against the reference value.

The analysis of citations between newspapers and articles included the identification
of the 10 most cited newspapers, followed by the application of the Shapiro–Wilk normality
test and the t-test for a sample, comparing the average number of citations received with
the VREF. The 10 most cited experimental articles and the 10 most cited review articles
were also listed.

The analysis also examined the percentage of publications in different Web of Science
categories to identify the most prominent research areas. Additionally, the co-occurrence
of keywords was mapped, and the bibliographic coupling between the 10 most cited
experimental studies and the 10 most cited review articles was analyzed. The purpose of
these analyses was to uncover the most extensively explored topics within the theme of
topical probiotic use for skin applications.

3. Results
3.1. Annual Publications

The total number of publications on the topical use of probiotics from 2013 to 2023
and citations per year is represented in Figure 2. A significant increase was observed,
particularly in 2021 and 2022, followed by a decline in 2023. To determine if the increase in
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publications from 2021 onwards was significant, we divided the publication data into two
groups: 2013–2020 and 2021–2023. We then performed a Shapiro–Wilk normality test for
each group, confirming that both followed a normal distribution. Subsequently, we applied
Welch’s t-test, which is appropriate for samples with unequal variances. The analysis
revealed a p-value of 0.0360, indicating a statistically significant difference between the
groups. Specifically, the mean number of publications in 2021–2023 was significantly higher
than in 2013–2020, with a mean difference of 17.46 publications. Additionally, the F-test
performed to compare variances confirmed that the variances were also significantly differ-
ent between the groups. Collectively, these results confirm that the increase in publications
from 2021 onwards was statistically significant.
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This can be attributed to the COVID-19 pandemic, which stimulated a general rise in
scientific production in life sciences and biomedicine, as reported by recent studies [23].
During the pandemic, there was an increased focus on medical research and the exploration
of new therapies, leading to more experimental and review publications. The drop observed
in 2023 can be explained by the end of the pandemic period and a possible normalization of
research activities, resulting in a stabilization in the rate of new publications. The increasing
citation curve over the years reflects the continued relevance and impact of this research in
the field of dermatology.

3.2. Most Productive Countries, Organizations, and Authors

In this section, we present the ranking of the most influential countries, organizations,
and authors in studies on the topical use of probiotics on the skin. For this purpose, we
used the number of citations that each study received.

3.2.1. Most Productive and Influential Countries

The experimental studies on topical probiotics on the skin were published by 33
countries. The most extensive set of countries connected in a co-authored analysis in the
collaboration network consisted of 12 countries. At this point, we did not apply exclusion
criteria regarding the number of publications and citations.

Figure 3 presents the mapping of co-authorship between countries. The country
co-authorship map illustrates the primary collaborations and geographic distribution
of research on the topical application of probiotics for wound healing, inflammatory
processes, and skin care. The node sizes, representing publication counts, indicate that the
United States and France lead in research output, with the largest nodes and numerous
international connections.

The group with the highest number of connections includes a core of 12 collaborating
countries, such as Switzerland, Malta, Italy, India, Taiwan, Singapore, Canada, Brazil, Mau-
ritius, and Nigeria, in addition to the United States and France. This diverse international
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collaboration suggests a well-established network of research and knowledge exchange,
which is crucial for advancing scientific progress.
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Figure 3. International collaboration networks among countries conducting research on the use of
probiotics for wound healing, inflammation, and skin care. The countries actively participating in
this research are represented by nodes, with their size indicating the number of publications from
each country. The connecting lines between countries represent their collaborations in scientific
publications, and the thickness of the lines reflects the intensity of these international partnerships.
This color-coded visualization depicts collaboration clusters, representing groups of countries that
frequently collaborate on scientific publications.

Furthermore, among the 33 active countries, 18 have published at least two works,
11 have published at least three, 9 have published at least four, and 5 countries have
published at least five works. This demonstrates consistent dedication across multiple
nations, with a smaller but significant number of highly productive countries making
substantial contributions to the field. The multiple connections between nodes suggest that
research on topical probiotics is a globally recognized area with strong potential for impact
due to the diversity of perspectives and shared knowledge.

This study investigated the temporal trends in international research collaborations
focusing on the topical application of probiotics for wound healing, inflammatory processes,
and skin care. Early publications from 2019 to 2020 indicate that Switzerland and the
United States were partnering on this research. By 2021, the analysis identified increased
collaborative efforts between France, Italy, and India. More recent findings suggest that
Taiwan and Singapore have also joined the collaborative network, signaling ongoing growth
and interest in this research area.

International collaborations have produced promising results in the development
and application of topical probiotics for skin care. These studies have contributed to
advancements in both scientific knowledge and practical applications in this field. In the
red cluster, a study involving researchers from Nigeria and Canada [9] created a topical
cream containing Lactobacillus pentosus KCA1 (now classified as Lactiplantibacillus pentosus)
to reduce bacteria that cause unpleasant body odor in healthy individuals. The clinical trial
of 25 volunteers showed decreases in the frequencies of Actinobacteria, Corynebacterium,
and Firmicutes, while an increase in lactobacilli was observed. Additionally, the bacterial
genes linked to odor production were downregulated, leading to reduced body odor. This
demonstrates the efficacy of topical probiotics in modulating the skin microbiome and
improving quality of life through body odor control.

A collaboration between researchers from Canada, Brazil, Mauritius, and France
(green cluster) developed the Mineral 89 Probiotic Fractions, a formulation to reduce
retinoid-induced irritation and improve aging skin health. A clinical study with 38 women
found that using this formulation alongside tretinoin improved skin hydration, reduced
inflammation, and increased participants’ quality of life, highlighting the potential of
probiotics in cosmetic dermatology [24].
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Within the green cluster, researchers from Switzerland and France conducted two
studies using Lactobacillus johnsonii NCC 533 [25,26]. In the first in vitro study, the heat-
treated strain reduced Staphylococcus aureus adhesion and increased antimicrobial peptide
expression in a reconstructed human epidermis model. In the second clinical trial on
patients with atopic dermatitis, a lotion containing this heat-treated strain (parabiotic
formulation) reduced S. aureus burden in lesional skin and improved the SCORAD score.
These results demonstrate the effectiveness of topical probiotics in strengthening skin
immunity and reducing harmful bacterial colonization.

A partnership between Malta and France within a green cluster [27] focused on using
Lactiplantibacillus plantarum to treat acne. In an in vitro study, this probiotic formulation
reduced the adherence of S. aureus bacteria and stimulated the production of antimicrobial
peptides, suggesting its potential as a complementary therapy for acne. These results high-
light the ability of probiotics to modulate the skin’s microbial community and strengthen
the skin’s natural defenses against pathogens.

A collaboration between researchers in France (green cluster) and countries belonging
to the blue cluster (USA and Italy) [28] examined the effects of M89PF, a topical postbiotic
formulation containing Vichy mineralizing water and probiotic components, on preventing
UV- and ozone-induced skin damage. In vitro experiments revealed that M89PF effectively
protected the skin barrier from degradation and mitigated oxidative and inflammatory
stress markers, demonstrating its potential to shield skin from harmful environmental
insults. This work underscores the significance of incorporating topical probiotics to
safeguard and preserve the integrity of skin exposed to environmental stressors.

An India–USA study (blue cluster) [29] examined the protective effects of LactoSporin,
a formulation containing the extracellular metabolite from Bacillus coagulans, against UV-
and ozone-induced skin damage. Laboratory findings showed that LactoSporin prevented
the reduction in skin barrier markers and the induction of oxidative and inflammatory
stress, indicating its potential as a skin protective agent.

A collaborative research study involving scientists from the United States (blue clus-
ter) and Taiwan and Singapore (yellow cluster) [30] investigated the effects of butyric
acid, a metabolite (postbiotic) produced by the probiotic bacterium S. epidermidis, on skin
physiology. Using an in vivo experimental model, the researchers determined that topical
application of butyric acid reduced the UVB-induced production of the inflammatory cy-
tokine IL-6, and this effect was mediated through the short-chain fatty acid receptor FFAR2.
This study provides mechanistic insights into how probiotic metabolites can modulate
the inflammatory response in the skin, suggesting a novel therapeutic approach for the
management of various skin inflammatory conditions.

Table 1 presents the 10 countries with the highest number of citations received. The
citation data for countries that have published research on the topical application of pro-
biotics provide insights into the influence and impact of each nation’s contributions. The
United States emerges as a leader in this field, with 13 published articles and 108 citations,
reflecting its strong performance and influence. Its substantial total link strength indicates
extensive international collaboration. France also stands out, with 7 publications and 94
citations, distinguished by a high average citation per article, suggesting the high quality
and relevance of its work. Its significant total connection strength demonstrates a robust
collaborative network.

Other nations, such as South Korea and Sweden, have fewer international connections
but exhibit high average citations per article, 15.8 and 23.67, respectively. This indicates the
impact of their independent research. Iran has one of the highest averages of 33.5 citations
per article, suggesting that its fewer contributions are highly impactful. Switzerland, with
2 publications and 66 citations, shows robust results and a high average citation per article.
Portugal and Italy also have significant influence, with averages of 20.3 and 15 citations per
article, respectively.
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Table 1. Top 10 countries by total citations in research on the topical application of probiotics. The
ranking considers the number of experimental articles, the average citations per article, and the
degree of international collaboration measured by strength total link (STL). The United States and
France lead the list, followed by South Korea, Sweden, and Iran, all of which demonstrate high
average citations per article, suggesting the significance and impact of their scholarly contributions
in this domain.

Ranking Countries Papers Citations Citations per Paper STL

1st United States 13 108 8.31 6

2nd France 7 94 13.43 9

3rd South Korea 5 79 15.8 0

4th Sweden 3 71 23.67 0

5th Iran 2 67 33.5 0

6th Switzerland 2 66 33 2

7th Portugal 3 61 20.3 0

8th Italy 4 60 15 2

9th Singapore and Taiwan 1 49 49 2

10th Japan 2 48 24 3

Singapore and Taiwan, each with one highly cited publication, demonstrate the im-
portance of their international collaborations. Japan, with 2 publications and 48 citations,
stands out for the quality of its research and effective international collaborations, reflected
in a high average citation per article.

Overall, the data show that the United States and France lead in the volume and impact
of publications, reinforcing their positions as influential research centers. Other countries,
despite fewer publications, have very high average citations per article, highlighting the
exceptional quality of their work. Several nations demonstrate strong international collabo-
rations and high-impact publications, contributing significantly to advancing knowledge
in wound healing, inflammatory processes, and skin care.

The statistical analysis indicates that the top 10 most cited countries exhibit a higher
average citation rate per article compared to the overall average of 14.4 on the Web of
Science database. The mean citation count was 23.60, differing by 9.204 from the expected
value. The t-statistic was 2.408, with nine degrees of freedom, yielding a p-value of 0.0394.
This suggests that the difference between the countries’ mean citations and the reference
value is statistically significant at the 0.05 level.

The 95% confidence interval for the discrepancy ranged from 0.5584 to 17.85, sug-
gesting that the countries’ average citations are significantly higher than the reference
value. Approximately 39.19% of the variance in the citation averages can be explained
by the difference between the observed values and the reference value, as indicated by
the R-squared value of 0.3919. The analysis suggests that the countries involved display
notably higher average citation counts compared to the reference value of 14.4, implying
their significant influence and impact within this field of research.

3.2.2. Most Productive and Influential Organizations

The investigation of institutional co-authorship revealed a network of 131 organiza-
tions conducting experimental research on the topical application of probiotics. However,
only 18 institutions had published at least two articles, implying that most contribute
fewer publications. Figure 4 presents the 19 most collaborative institutions, which serve
as important interaction hubs, suggesting that strategic partnerships are crucial for ad-
vancing topical probiotic research. The size of the nodes, which represents the number of
publications, accentuates the most productive and collaborative institutions, providing a
detailed perspective on significant interactions and partnerships. Within this landscape,
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the study identified four prominent collaboration groups with the strongest connections
between institutions.
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The blue group, comprising Greek institutions like Uni Pharma SA, Aristotle Univer-
sity of Thessaloniki, Democritus University of Thrace, and the University of Crete, has seen
a recent surge in collaborative publications between 2021 and 2022. This reflects a strong
synergy between universities and pharmaceutical companies in Greece, advancing topical
probiotic research.

The yellow group, with institutions such as Nestlé Skin Health Galderma Research,
Nestlé Research Center, and University Hospital St. Etienne, has maintained ongoing
collaborations since 2018. This stable, long-term partnership suggests a robust research
network dedicated to dermatology and the scientific investigation and clinical application
of probiotics.

The green group, made up of organizations like L’Oréal Paris, L’Oréal Brazil, Vichy
Labs, and Windsor Clinical Research Inc., has established a network over several years,
with a focus on publications between 2020 and 2022. The prominence of cosmetic com-
panies indicates the continued integration of scientific research and commercial product
development in the skin care sector. The purple cluster, represented by Beijing Technology
and Business University and Beijing Key Laboratory of Plant Resources & Dev., features
recent collaborations between 2022 and 2023.

Finally, the red group comprises South Korean universities, including Kyung Hee Uni-
versity, Sungkyunkwan University, and Kangwon National University, exhibiting intense
academic collaboration, with recent publications mainly between 2021 and 2023, high-
lighting the strong network of academic partnerships in South Korea and their significant
contribution to the advancement of topical probiotic research.

Institutional collaborations have driven crucial advancements in topical probiotic
research. Two pivotal studies within the blue cluster investigated the application of pro-
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biotics, including L. plantarum, Lacticaseibacillus rhamnosus, and Bifidobacterium longum, to
promote healing in excisional wounds of Wistar rats [21,31]. These studies analyzed how
probiotics expedite healing and influence inflammatory, reparative, and angiogenic factors.
In vivo findings revealed that probiotics significantly accelerate the healing process, with
varying strains demonstrating greater efficacy at different stages. This underscores the
need for a combined probiotic formulation to optimize the healing outcome.

Researchers in the yellow cluster investigated the effects of the probiotic L. johnsonii
NCC 533 on reducing S. aureus adhesion and stimulating antimicrobial peptide produc-
tion [25,26]. This probiotic was evaluated in laboratory models of human skin as well as in
patients diagnosed with atopic dermatitis. Both in vitro and clinical studies demonstrated
that topical application of this probiotic significantly diminished S. aureus colonization
and bolstered the skin’s innate immune defenses. Clinical trials also showed that pro-
biotic use improved patients’ SCORAD scores, suggesting a reduction in the severity of
atopic dermatitis.

Within the green cluster, the studies investigated the impacts of products containing
probiotics, Vichy volcanic water, hyaluronic acid, niacinamide, and tocopherol, utilized
in combination with topical retinoids to address photoaging [24,28]. In a clinical trial
involving 38 female participants who used the M89PF formulation for 84 days, significant
improvements were observed in skin hydration, reduced irritation from retinoids, and
enhanced appearance of fine lines, skin tone, radiance, and pore size. Furthermore, the
formulation was associated with decreased markers of inflammation and oxidative stress,
indicating good tolerability and potential anti-aging benefits.

In a study by researchers from the red cluster, a fermented Korean red ginseng extract
containing yeast and probiotics was evaluated for its effects on 1-chloro-2,4-dinitrobenzene-
induced allergic skin inflammation in Balb/c mice [32]. Topical application of the extract
was found to mitigate scratching behavior and reduce serum levels of IgE and IL-4. Ad-
ditionally, the treatment suppressed the phosphorylation of p38 MAPK and activation of
NF-kappa B, indicating the extract’s potential as a therapeutic agent for atopic dermatitis.

Finally, the two studies within the purple cluster highlight the positive impact of
Bifidobacterium-derived probiotics on skin barrier function. Bifida Ferment Lysate was
found to improve skin barrier strength and reduce oxidative stress, while Bifidobacterium
infantis extract demonstrated strong antioxidant and barrier-strengthening properties,
and is safe for topical use. These studies reinforce the potential of probiotics in topical
treatments to enhance skin health, particularly in conditions like atopic dermatitis [33,34].

The collaborative research has yielded crucial findings, ranging from enhancing
wound repair to mitigating bacterial proliferation in skin disorders, as well as offering
anti-aging cosmetic advantages and managing allergic skin inflammation. Laboratory
investigations, cell-based studies, and clinical trials have substantiated the significance
of combined probiotic formulations and their potential therapeutic and cosmetic applica-
tions. These advancements promote skin wellness and patient well-being, underscoring
the importance of international and multidisciplinary scientific collaborations.

Table 2 presents a ranking of institutions based on their citation counts for experimental
articles exploring the topical use of probiotics. This ranking provides valuable insights into
the influence and impact of each institution within the research field. The table emphasizes
the collaborative nature of scientific endeavors by highlighting both individual institutions
and research consortia.

Shiraz University has published two impactful papers that have collectively garnered
67 citations, equating to an average of 33.5 citations per publication. This suggests that the
university’s research is highly esteemed within the scientific community, despite a lack of
extensive international partnerships.

Nestlé Research Center and Nestlé Skin Health Galderma R&D have exhibited excep-
tional research productivity, generating two publications that have collectively garnered a
significant number of citations. The network of international collaborations demonstrates
the leadership and influence of these organizations within the field. The research collabo-
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ration between Malmö University and BioGaia AB has been noteworthy, with their two
joint publications receiving an average of 31.5 citations per article, which showcases the
effectiveness of their international research partnership. This collaboration highlights the
significance and quality of the research conducted by these institutions.

Table 2. The top 10 institutions or groups of institutions that are most frequently cited in experimental
research on the topical use of probiotics. This table presents the number of articles published by each
institution, the total citations received, the average citations per article, and the total link strength
(STL) in citation mapping.

Organizations Papers Citations Citations per Paper STL

Shiraz University 2 67 33.5 0

Nestlé Research Center and NestléSkin Health Galderma R&D 2 66 33 5

Malmö University and BioGaia AB 2 63 31.5 3

Portuguese Catholic University 3 61 20.33 0

Yeungnam University 2 59 29.5 4

University Hospital of Saint-Etienne and Galderma Int and
Mucosal Immune & Pathogen Agents Grp 1 50 50 4

National Central University and National University of
Singapore and University of California San Diego 1 49 49 2

Manchester University 2 44 22 0

University of Eastern Piedmont and Verona University and
Oriflame Cosmetics and Sintal Dietetics S.R.L. 1 43 43 2

Universiti Sains Malaysia and Inha University and Dongguk
University and Perdana University and Ministry of Science,

ICT and Future Planning and RIKEN
1 36 36 3

The Portuguese Catholic University has a relatively limited number of international
research collaborations, but the high average of 20.33 citations per article across its three
publications suggests the strong quality and impact of its internal research program. Ye-
ungnam University, with an average of 29.5 citations per article and a considerable number
of international collaborations [total link strength (STL) = 4], stands out for its significant
contributions to topical probiotic research.

This collaborative research between University Hospital of Saint-Etienne, Galderma
Int, and Mucosal Immune & Pathogen Agents Group produced a highly influential article,
with an average of 50 citations, highlighting the significance of the study. This internation-
ally collaborative article, involving researchers from National Central University, National
University of Singapore, and University of California San Diego, has been cited 49 times,
underscoring the impact of this cross-border research endeavor.

The independent research conducted at Manchester University has had a substantial
impact, with an average of 22 citations per article across two publications. This widely
cited publication, which has been referenced 43 times, was produced through collaboration
between the University of Eastern Piedmont, Verona University, Oriflame Cosmetics,
and Sintal Dietetics S.R.L., highlighting the importance of public–private partnerships in
academic research.

The collaborative research between Universiti Sains Malaysia, Inha University, Dong-
guk University, Perdana University, the Ministry of Science ICT and Future Planning,
and RIKEN led to a highly influential publication, with 36 citations, underscoring the
significance of joint academic and governmental efforts.

A parametric t-test was employed to evaluate the average number of citations per
article for the 10 most frequently cited organizations or groups of organizations, comparing
this metric to the reference value of 14.4. This analysis was intended to offer insights into
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the statistical significance of these comparative citation patterns. The statistical analysis
reveals a significant difference between the average citations per article for the 10 most
cited organizations and the reference value, as evidenced by the low p-value.

The t-test compared the average number of citations for the institutions, which was
34.78, to the reference value of 14.4. This showed a difference of 20.38 between the observed
and theoretical values. The statistical analysis yielded a t-value of 6.380, with nine degrees
of freedom, resulting in a p-value of 0.0001. This p-value indicates that the difference
between the institutions’ average citations and the reference value is statistically significant
at a 0.05 significance level.

The 95% confidence interval for the difference ranged from 13.16 to 27.61, suggesting
that the institutions’ average citations were meaningfully higher than the reference value.
The R-squared value of 0.8190 demonstrated that approximately 82% of the variation in the
citation averages could be attributed to the divergence between the observed values and
the reference value.

The institutions have achieved a notably higher average number of citations than the
reference value of 14.4, indicating their significant impact in the field.

3.2.3. Most Productive and Influential Authors

This examination of the collaborative author network for experimental publications
on the use of probiotics in wound healing, skin inflammation, and general skin care offers
insights into the nature of these research collaborations and their development over time.
The network comprises 418 authors, but only 28 have co-authored two or more articles. For
the visual representations in Figure 5, the 20 authors with the most substantial connections
were selected.

The co-authorship network analysis reveals distinct clusters with many degrees of
collaboration among the researchers. The yellow cluster encompasses authors such as
A. Gueniche and D. Kerob, whose close partnership suggests a focus on specific studies
concerning topical probiotics. This cluster demonstrates recent collaborative research, pre-
dominantly from 2022 to 2023, suggesting that these authors have consistently contributed
to the recent literature. Conversely, the green cluster, including authors like Y. Pan, J. Zhao,
and Y. Han, exhibits a high level of intense collaboration with numerous connections be-
tween the researchers, indicative of an active and cohesive research group. Collaborations
in the green cluster are recent, with a focus on publications from 2022 to 2023, suggesting
that this research group is active and expanding, continuously publishing new findings.

The red cluster comprises authors including G. Stavrou, E. Filidou, G. Kolious, and K.
Kotzampassi. This group exhibits a high degree of interconnectedness, indicating robust and
fruitful collaboration among its members. This cluster represents a combination of older and
newer collaborative publications, indicating the continuity and development of research in
this area. Conversely, the blue cluster, which features authors such as A. S. Monteiro, C. A.
Monteiro, and L. C. N. da Silva, demonstrates significant collaborations, though they are
less dense compared to other clusters. This cluster indicates recent collaborations, as shown
in published works, suggesting that new areas of research or partnerships have emerged.

The study authors developed several probiotic-based topical formulations for wound
healing, skin infection control, and general skin care. The blue cluster formulated gels
with hydroxyethylcellulose and alginate containing Lactobacilli strains, evaluating their
antimicrobial properties. In vitro and ex vivo experiments showed that these formulations
effectively inhibited pathogens like S. aureus and Pseudomonas aeruginosa, highlighting the
efficacy of L. plantarum and the formulations’ stability under various storage conditions [35,36].

Researchers in one study group developed the Mineral 89 Probiotic Fractions for-
mulation. This combined probiotic fractions with Vichy volcanic mineralizing water and
other components. The goal was to reduce irritation caused by tretinoin and improve skin
hydration and appearance. A clinical trial with 38 women showed that this formulation
not only reduced irritation but also improved participants’ quality of life, suggesting its
potential as a supplemental product for treating photoaging [24,37].
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The studies in the red cluster examined the topical use of various probiotic strains,
including L. plantarum, L. rhamnosus, and B. longum, in rat wound models. These animal
studies found that probiotic formulations sped up the wound healing process, with different
strains being more effective at specific stages. Additionally, combinations of multiple
probiotic strains were more effective at promoting healing and angiogenesis, suggesting
that combined probiotic treatments are important for modulating the different phases of
the healing process [21,31].

The green cluster of studies focused on the antioxidant and skin-barrier-strengthening
effects of Bifidobacterium yeast extracts and B. infantis culture supernatants (postbiotics).
In laboratory tests, these formulations enhanced the expression of genes linked to the
skin’s physical barrier and antimicrobial peptides, and also exhibited strong antioxidant
properties. Additionally, these formulations were found to be safe for topical use, indicating
their potential to improve the skin’s resistance to oxidative stress and inflammation [33,34].

Table 3 presents the 10 authors most frequently cited in experimental research on the
topical use of probiotics for wound healing, skin inflammation, and skin care. The table
includes the number of articles that each author published, their total citations, citations
excluding self-citations, citations per article, and total link strength. This highlights the
importance of these authors in the field of studying the topical application of probiotics for
wound healing, skin inflammations, and general skin care.

The top-cited researchers are A. Mercenier and E. Butler, with 66 and 63 citations,
respectively, and averaging 33 and 31.5 citations per article. Dr. A. Mercenier also has a high
collaboration score of 12, indicating strong collaborative work. F. K. Tavaria has 61 citations,
or 60 excluding self-citations, averaging 20.33 citations per article and a collaboration score
of 8. Y.-H. Park and A. Oryan are also highly cited, with 59 and 51 citations, respectively,
with A. Oryan’s 51 citations per article being particularly notable.

S. Blanchet-Rethore and C.-M. Huang have high citation counts of 50 and 49 citations
per article, respectively. C. A. O’Neill, D. Cecconi, and J. M. Delgado-Lopez have lower
citation counts, ranging from 44 to 25 citations, and 22 to 14 citations per article. The
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differences in total citations and citations per article indicate varying levels of collaboration
among these authors in the field.

Removing self-citations did not greatly change the ranking, but gave a more accurate
view of each author’s real influence. The average citations per paper varied greatly across
authors, showing the diversity of impact in their published work. The total strength of the
connections indicates the network of collaborations and connectivity among these authors in
the research area.

Table 3. Top 10 corresponding authors according to number of citations. The table shows the number
of articles published by each author, the total citations received, the total citations excluding self-
citations, the average number of citations per article, and the total link strength (STL) in the citation
mapping.

Correspondents Authors Papers
Citations

Citations per Paper STL
Total Excluding Self-Citations

A. Mercenier 2 66 65 33 12

E. Butler 2 63 62 31.5 5

F. K. Tavaria 3 61 60 20.33 8

Y.-H. Park 2 59 51 29.5 13

A. Oryan 1 51 50 51 3

S. Blanchet-Rethore 1 50 65 50 5

C.-M. Huang 1 49 41 49 5

C. A. O’Neill 2 44 41 22 5

D. Cecconi 1 43 41 14 43

J. M. Delgado-Lopez 2 25 22 11 12.5

We conducted an analysis comparing the average citation count of the 10 most cited
corresponding authors, which was 29.90, to a reference value of 14.4. This represents a
difference of 15.50 between the current average and the reference value. The statistical test
yielded a t-value of 3.015 with nine degrees of freedom and a p-value of 0.0146. This p-value
indicates that the difference between the authors’ average citations and the reference value
is statistically significant at the 0.05 significance level.

The 95% confidence interval for the discrepancy was between 3.871 and 27.13, suggesting
that the average authors’ citations were significantly higher than the reference value. The
R-squared value was 0.5025, indicating that approximately 50% of the variance in the citation
averages could be explained by the difference between the observed and reference values.

The results suggest that the most cited corresponding authors have significantly more
citations on average than the reference value of 14.4, indicating that these authors have a
greater impact in the field.

3.3. Most Active Journals in the Field

The analysis revealed that 106 publications focused on topical use of probiotics in
wound healing processes, inflammatory processes, and general skin care. Among these,
ten journals received more citations. Table 4 presents the 10 most cited journals.

The journal ‘Experimental Dermatology’ is the most cited, accumulating 67 citations
from four articles, resulting in an average of 16.75 citations per article and a total link strength
(STL) of 16, highlighting its influence on the network of quotes. Next, the ‘Journal of Applied
Microbiology’ occupies second place, with 55 citations for one article, giving an average of 55
citations per article and an STL of 4. The journal ‘Burns’ also stands out, with 51 citations for a
single article, resulting in an average of 51 citations per article and an STL of 1.

Another prominent journal, ‘Clinical Cosmetic and Investigational Dermatology’, has
50 citations across four articles, resulting in an average of 12.5 citations per article and an
STL of 3. The ‘International Journal of Molecular Sciences’ has 49 citations for one article,
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with an average of 49 citations per article and an STL of 1. ‘Probiotics and Antimicrobial
Proteins’ has 43 citations for two articles, with an average of 21.5 citations per article and
an STL of 10, while ‘Scientific Reports’ has 43 citations for two articles, with an average of
21.5 citations per article and an SLT of 7.

Table 4. The 10 most cited journals in the area of topical application of probiotics. The table presents
journals ranked by the number of citations that their experimental articles have received, along
with the number of articles published, the average number of citations per article, and the total link
strength (STL) in citation mapping.

Journals Papers Citations Citations per Paper STL

Experimental Dermatology 4 67 16.75 16

Journal of Applied Microbiology 1 55 55 4

Burns 1 51 51 1

Clinical Cosmetic and Investigational
Dermatology 4 50 12.5 3

International Journal of Molecular
Sciences 1 49 49 1

Probiotics and Antimicrobial Proteins 2 43 21.5 10

Scientific Reports 2 43 21.5 7

Applied and Environmental
Microbiology 1 41 41 7

Microorganisms 4 39 9.75 6

Frontiers in Microbiology 1 36 36 1

‘Applied and Environmental Microbiology’ features a single publication with 41 citations,
reflecting an average citation count of 41 per article and an STL of 1. The journal ‘Microor-
ganisms’ hosts 39 citations across four articles, equating to an average of 9.75 citations per
publication and an STL of 6. ‘Frontiers in Microbiology’, on the other hand, records 36 citations
for a single article, averaging 36 citations per publication and an STL of 1.

The average number of citations per article from the top 10 most highly cited publica-
tions is 31.40, substantially higher than the reference value of 14.4. The statistical analysis
revealed a t-value of 3.162 with nine degrees of freedom, and a p-value of 0.0115, which is
below the 0.05 significance threshold. This finding indicates that the observed difference is
statistically significant at the 5% level. Additionally, the 95% confidence interval for the
disparity ranges from 4.839 to 29.16, suggesting that the average citation count per article is
notably higher than the reference value.

The average discrepancy was 17.00, with a standard deviation of 17.00 and a standard
error of the mean of 5.376. The R-squared value of 0.5263 indicates a moderate to large effect
on the variation in the average number of citations per article relative to the reference value.

The analysis of articles in the top journals showed various topical probiotic products
for treating skin conditions. These studies examined the antimicrobial, anti-inflammatory,
and skin-barrier-enhancing properties of probiotic-based gels, creams, ointments, and
lotions. Figure 6 presents the citation mapping network, illustrating the total link strength
in relation to citations between the 10 most highly cited publications.

The green cluster of articles focuses on probiotics like Limosilactobacillus reuteri, L. john-
sonii, and B. infantis. These probiotic formulations, including creams and lotions, have shown
effectiveness in reducing skin inflammation, strengthening the skin barrier, and having antioxi-
dant properties. Studies suggest that these probiotics may help with conditions such as atopic
dermatitis and acne, as well as improving overall skin health [9,11,19,25,27,33,34,38–45].

The studies in the red cluster examine the topical use of probiotic strains like L. plan-
tarum, L. rhamnosus, and B. longum. These investigations evaluated the efficacy of gel, cream,
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and lotion formulations containing these probiotics in in vivo and in vitro models. The
research focused on the potential of these probiotic-based products to promote wound
healing, reduce inflammation, and inhibit skin pathogens. The findings suggest that these
formulations can accelerate the wound healing process and enhance the skin’s immune
response [18,21,31,46–50].
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Figure 6. Citation mapping of the top 10 journals in research on dermatology with probiotics.
This citation map visualizes the relationships among the 10 most influential journals in probiotic
dermatology research. The graph shows how these journals are interconnected, citing each other, and
contributing to the field. The distinct colored clusters represent groups of closely related journals
based on their citation patterns. The size of the nodes reflects the number of publications in each
journal, highlighting the collaborative nature of scientific research and knowledge dissemination
through these influential publications.

The articles in the blue cluster focus on cellulose-based gels and alginate containing
the probiotic strains L. plantarum and L. rhamnosus. These gels showed antimicrobial
effectiveness against S. aureus and P. aeruginosa in ex vivo experiments, suggesting their
potential for developing new wound dressings to treat infected injuries. Additionally,
articles in the Journal of Applied Microbiology examined the adhesion, antimicrobial
activity, and biofilm formation of various probiotic strains in in vitro studies. These findings
highlight the potential of probiotics as a complementary treatment for skin disorders,
promoting a healthy skin microbiome [35,36,51].

3.4. Highly Cited Papers

We identified 106 articles published in the analyzed period on the topical use of
probiotics on the skin. Thirty-five studies are classified as review articles, representing
33.02%. The other 71 studies are experimental articles. This subdivision can be seen in
Figure 7. Twenty-five articles were identified as proposals for systems for wound healing,
forty-five for inflammatory skin diseases, and thirty-six for skin care in general.

Tables 5 and 6 present the 10 most cited experimental and review papers from the
analyzed period.
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Table 5. Top 10 most cited experimental papers.

Years Authors Title Journal
Citations

Total Excluding
Self-Citations

2017 E.G. Lopes, et al. Topical application of probiotics in skin: adhesion,
antimicrobial and antibiofilm in vitro assays [51]

Journal of Applied
Microbiology 55 54

2018 A. Oryan, M. Jalili
et al.

The concurrent use of probiotic microorganism and
collagen hydrogel/scaffold enhances burn wound

healing: an in vivo evaluation [14]
Burns 51 50

2017 S. Blanchet-Réthoré
et al.

Effect of a lotion containing the heat-treated probiotic
strain Lactobacillus johnsonii NCC 533 on Staphylococcus

aureus colonization in atopic dermatitis [26]

Clinical, Cosmetic
and Investigational

Dermatology
50 49

2019 S. Keshari et al.

Butyric Acid from Probiotic Staphylococcus epidermidis in
the Skin Microbiome Down-Regulates the

Ultraviolet-Induced Pro-Inflammatory IL-6 Cytokine via
Short-Chain Fatty Acid Receptor [30]

International Journal
of Molecular Sciences 49 43

2019 I. Khmaladze et al. Lactobacillus reuteri DSM 17938—A comparative study on
the effect of probiotics and lysates on human skin [22]

Experimental
Dermatology 43 41

2020 J. Brandi et al.
Exploring the wound healing, anti-inflammatory,

anti-pathogenic and proteomic effects of lactic acid
bacteria on keratinocytes [18]

Scientific Reports 43 38

2014 W. Mohammedsaeed
et al.

Lactobacillus rhamnosus GG Inhibits the Toxic Effects of
Staphylococcus aureus on Epidermal Keratinocytes [39]

Applied and
Environmental
Microbiology

41 35

2019 J. S. Ong et al.
Lactobacillus plantarum USM8613 Aids in Wound Healing
and Suppresses Staphylococcus aureus Infection at Wound

Sites [48]

Probiotics and
Antimicrobial

Proteins
36 36

2018 I. A. Rather et al.
Probiotic Lactobacillus sakei proBio-65 Extract Ameliorates
the Severity of Imiquimod Induced Psoriasis-Like Skin

Inflammation in a Mouse Model [12]

Frontiers in
Microbiology 36 30

2014 S. B. Park, M. I. et al.
Effect of Emollients Containing Vegetable-Derived
Lactobacillus in the Treatment of Atopic Dermatitis

Symptoms: Split-Body Clinical Trial [52]

Annals of
Dermatology 23 19

47



Microorganisms 2024, 12, 2010 17 of 29

Table 6. The top 10 most cited review articles.

Years Authors Titled Journal

Citations

Total Excluding
Self-Citations

2020 Y. Yu et al. Changing our microbiome: probiotics in
dermatology [53]

British Journal of
Dermatology 91 90

2014 F.H. Al-Ghazzewi
and R.F. Tester Impact of prebiotics and probiotics on skin health [19] Beneficial Microbes 86 83

2013 H. Sikorska and W.
Smoragiewicz

Role of probiotics in the prevention and treatment of
methicillin-resistant Staphylococcus aureus infections [54]

International Journal
of Antimicrobial

Agents
84 84

2013 L.C. Lew and M.T.
Liong

Bioactives from probiotics for dermal health: functions
and benefits [55]

Journal of Applied
Microbiology 65 62

2020 R. Knackstedt et al.
The role of topical probiotics in skin conditions: A

systematic review of animal and human studies and
implications for future therapies [17]

Experimental
Dermatology 58 58

2016 U. Wollina Microbiome in atopic dermatitis [56]
Clinical, Cosmetic

and Investigational
Dermatology

43 43

2020 R. Knackstedt et al. The role of topical probiotics on wound healing: A
review of animal and human studies [18]

International Wound
Journal 38 38

2021 M. Rozas et al. From Dysbiosis to Healthy Skin: Major Contributions of
Cutibacterium acnes to Skin Homeostasis [10] Microorganisms 37 35

2017 M. Notay et al. Probiotics, Prebiotics, and Synbiotics for the Treatment
and Prevention of Adult Dermatological Diseases [57]

American Journal of
Clinical Dermatology 35 32

2021 K. França Topical Probiotics in Dermatological Therapy and
Skincare: A Concise Review [58]

Dermatology and
Therapy 24 24

3.5. Web of Science Categories

The 106 articles analyzed in the research are distributed across 30 Web of Science
categories. Dermatology has the highest percentage of publications, with 39.62% (42 publi-
cations), followed by Microbiology (20.76%; 22 publications) and Pharmacology/Pharmacy
(13.21%; 14 publications). Figure 8 shows the 10 Web of Science categories with the most
articles included.
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3.6. Terms Occurrence Network Analysis

Analysis of keywords in experimental articles on the topical use of probiotics on the
skin provided valuable insights into central themes and connections between different
research areas. A total of 444 keywords were identified and the network of keyword
co-occurrences was mapped based on a minimum of five occurrences for each keyword.
Figure 9 presents the mapping of keywords with at least five occurrences, totaling 16 words.
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Figure 9. Keyword co-occurrence network in experimental articles on the topical use of probiotics
on the skin. The keywords presented are those that appear at least five times within the data. The
visual nodes depict these keywords, with their size proportional to the frequency of occurrence. The
cluster colors represent distinct research domains. The connections between the nodes illustrate the
co-occurrence of keywords across the analyzed articles, thereby elucidating the inter-relationships
among the various research themes.

The key terms and concepts identified in the research network include “probiotics”,
“skin”, “microbiome”, “atopic dermatitis”, “inflammation”, “wound healing”, “prebiotics”,
and “in-vitro”. These terms highlight the main research areas, with “probiotics” being the
central and most commonly used keyword, indicating the primary focus of the studies.

The text indicates a strong focus on the direct application of probiotics to the skin,
reflecting the importance of the skin microbiome. There is a considerable emphasis on
investigating the effects of probiotics on inflammatory skin conditions, such as atopic
dermatitis, as well as their use in wound healing processes. The text also suggests that
studies examine the skin health benefits of prebiotics in addition to probiotics. Additionally,
the prevalence of in vitro methods used to investigate the effects of probiotics is noted.

The identified research clusters reveal a diverse range of focus areas. The red cluster
highlights terms like “probiotics”, “skin”, “acne”, “bacteria”, and “diversity”, suggesting
a focus on skin conditions, acne treatments, and microbial diversity. The green cluster
includes words such as “atopic dermatitis”, “inflammation”, “disease”, and “skin barrier”,
indicating research on atopic dermatitis, inflammation, and skin barrier function. The blue
cluster focuses on “wound healing”, “bacteria”, “probiotics”, “prebiotics”, and “laboratory
studies”, reflecting research on wound healing, specific probiotic strains, and prebiotics.

The studies examined various aspects of skin health, including inflammatory condi-
tions, microbial composition, and wound healing. The central theme is the strong connec-
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tion between “probiotics” and “skin”. The focus on inflammatory conditions is highlighted
by the link between “atopic dermatitis” and “inflammation”, while the importance of the
skin’s microbial composition is indicated by the intersection of “microbiome” with several
keywords. Additionally, the connection of “wound healing” with “in-vitro” suggests that
many of the studies on wound healing were conducted in controlled laboratory settings.

3.7. Analysis of the Most Used Probiotic Species

Figure 10 provides a comprehensive overview of the probiotic species most commonly
applied in the enrolled studies. The L. plantarum strains were the most applied across all
study types, particularly in in vitro, in vivo, and clinical studies, followed by L. rhamnosus
and Lacticaseibacillus casei. B. longum and Limosilactobacillus fermentum share the fourth place,
with B. longum strains being more used in in vivo studies, while L. fermentum strains were
most employed in in vitro studies. Interestingly, L. fermentum and B. longum strains were
not applied in clinical studies enrolled in this study.
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Figure 10. Probiotic strains most frequently used in topical skin care products according to the
experimental studies reviewed.

3.8. Analysis of the Types of Formulations Used in the Studies

The heatmap table in Figure 11 categorizes probiotics-based formulations developed
for topical use according to the type of study that they were evaluated as (in vitro, ex vivo,
in vivo, and clinical studies). Creams emerged as the most extensively studied formulation,
with 13 studies, particularly in clinical settings (7 studies). This indicates a strong interest
and potential efficacy in using creams for topical probiotic applications. Gels and ointments
also showed a notable number of studies (seven and six, respectively), with four in vivo
studies each.

Serums and lotions, although having fewer studies overall, still showed some clinical
and in vivo research, indicating ongoing interest in their potential benefits for skin care.
Dermocosmetics and emulsions had a mix of study types, with a few clinical studies,
gaining attention for their dual role in skincare and therapeutic benefits. Films, emollients,
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pads, and baths had the least number of studies, suggesting that they are less commonly
used or newer areas of research in the field of topical probiotics.
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3.9. Analyzing the Bibliographic Connections between Experimental Studies of Topical Probiotics

Figure 12 shows the bibliographical coupling between the 10 most cited articles. Anal-
ysis of the 10 most influential papers on topical probiotic applications for skin care reveals
diverse formulations, applications, and study types, suggesting the potential benefits of
probiotics in dermatology.
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Figure 12. Bibliographic coupling network of experimental articles on the topical use of probiotics on
the skin. The visualization depicts individual research articles as nodes, with node size indicative of
the citation count for each article. The distinct colors of the nodes denote different clusters, which
group together articles that share a high number of citations, implying a close thematic connection.
Furthermore, the lines connecting the nodes represent the strength of bibliographic coupling, which
illustrates the intensity of citations shared among the articles.
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In the blue cluster, the article by Rather et al. [20] found that an ethanol extract
from the probiotic Latilactobacillus sakei proBio-65 protected against imiquimod-induced
skin inflammation resembling psoriasis in mice. The results showed that this probiotic
treatment significantly reduced epidermal thickness, inflammatory cell infiltration, and
pro-inflammatory cytokine expression, suggesting its potential as a psoriasis treatment.
In the referenced study, Park et al. [54] investigated the comparative effects of an emol-
lient containing L. sakei probiotic 65 and a standard emollient in patients diagnosed with
atopic dermatitis. The randomized, double-blind clinical trial revealed that the probiotic-
infused emollient enhanced skin permeability, diminishing transepidermal water loss and
augmenting skin hydration levels.

In the green cluster, Lopes et al. [51] evaluated several probiotic strains in in vitro
tests, focusing on their ability to adhere, inhibit microbes, and prevent biofilm formation.
Most of these strains showed substantial antimicrobial activity and successfully prevented
biofilm development, suggesting their potential as supplements to traditional treatments
for skin conditions. The research of Oryan et al. [22] examined the effects of collagen
hydrogel, both with and without the addition of Saccharomyces cerevisiae, on the healing
of burn wounds in rats. The combined treatment was observed to enhance the healing
process, epithelialization, and biomechanical properties of the wounded areas, producing
comparable results to the application of silver sulfadiazine. The study of Mohammedsaeed
et al. [39] strongly suggested that the probiotic L. rhamnosus GG can protect skin cells from
S. aureus infection. The study found that this probiotic increased cell survival and reduced
bacterial attachment based on laboratory experiments.

The red cluster highlighted research by Brandi et al. [18], who investigated the wound-
healing, anti-inflammatory, antimicrobial, and proteomic properties of Lactobacillus lysates
(postbiotic). These findings suggest that these probiotics may be utilized in combination
with standard treatments to mitigate diverse skin conditions. In a multicenter exploratory
study, Blanchet-Réthoré et al. [26] found that a lotion containing heat-treated L. johnsonii
NCC 533 reduced S. aureus levels and improved atopic dermatitis symptoms. The research
of Khmaladze et al. [19] explored the effects of topical applications of both viable and lysed
L. reuteri DSM 17938. The results indicated that both forms possessed anti-inflammatory
capabilities and improved skin barrier function while the viable form also exhibited an-
timicrobial activity. The study of Keshari and collaborators [30] found that butyric acid
(postbiotic) produced by the probiotic S. epidermidis can reduce the production of inflam-
matory cytokines caused by UVB exposure in an experimental mouse model. Isolated from
other clusters, Ong et al. [48] investigated the anti-staphylococcal effects of L. plantarum
USM8613, demonstrating its ability to promote wound healing and innate immunity, as
observed through laboratory and animal studies.

The reviewed literature demonstrates the wide-ranging approaches and promising
efficacy of probiotics in dermatological applications, spanning wound healing and the
management of chronic inflammatory skin disorders like atopic dermatitis and psoriasis.
The robust bibliographic connections among these publications underscore the relevance
and interdependence of research in this domain.

3.10. Analyzing the Bibliometric Connections between Review Studies on Topical Probiotics

Figure 13 shows the top 10 cited review articles that provide important insights into
using topical probiotics for skin health. One article in the red cluster, by Sikorska and
Smoragiewicz [54], explores how probiotics can prevent and treat methicillin-resistant S.
aureus infections, highlighting the effectiveness of certain lactobacilli and bifidobacteria strains
against clinical MRSA. Another review, by Al-Ghazzewi and Tester [16], discusses the
impact of prebiotics and probiotics on skin health, emphasizing their ability to optimize,
maintain, and restore the skin microbiome through both topical and systemic application.
Yu et al. [53] conduct research on the microbiome’s role in dermatology, evaluating pro-
biotic treatments for conditions like atopic dermatitis, acne, and psoriasis. Wollina [56]
explores the skin microbiota in atopic dermatitis, noting increased S. aureus and decreased
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diversity during outbreaks. Rozas et al. [10] examine the role of C. acnes in maintaining
healthy skin, considering its potential as a dermal probiotic. Finally, the review of Notay
et al. [57] highlights the promising use of probiotic, prebiotic, and synbiotic supplements
for preventing and treating skin conditions in adults, particularly atopic dermatitis, and as
an additional treatment for acne.
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In the green cluster, the manuscript from Franca [58] examines the current scientific
literature on the topical use of probiotics and their impacts on dermatological conditions
and skin health, investigating whether they can provide comparable benefits to orally
administered probiotics. Lew and Liong [55] examine the mechanisms and compounds of
probiotics that promote skin health, highlighting their benefits for improving conditions
like eczema, dermatitis, and the healing of burns and scars. Lew also discusses how
probiotics can rejuvenate the skin and enhance its natural immunity. Knackstedt et al. [14]
analyze how skin microbiota impacts wound healing and focus on the therapeutic potential
of topical probiotics to prevent infections, regulate inflammation, and improve wound
healing. Additionally, Knackstedt and collaborators [15] study the role of topical probiotics
in treating skin conditions, emphasizing the need for further research on their potential to
address dysbiosis and other skin issues.

4. Discussion

This bibliometric study provides a comprehensive overview of the scientific literature
on the topical use of probiotics for wound healing, inflammatory skin diseases, and general
skin care. The enrolled studies, in particular the clinical trials, highlight the beneficial effects
of probiotics on skin health by improving skin barrier function, reducing inflammation,
and enhancing wound healing [19,22,25].

The beneficial effects of probiotics on the skin can be attributed to several mechanisms.
Probiotics modulate the skin microbiome, enhancing the growth of beneficial bacteria while
inhibiting pathogenic species [7,8]. They also exert anti-inflammatory effects by downregu-
lating pro-inflammatory cytokines and upregulating anti-inflammatory mediators [17,18].
Additionally, probiotics strengthen the skin barrier by promoting the production of ce-
ramides and other essential lipids [3,4]. These mechanisms collectively contribute to the
maintenance of skin homeostasis and the prevention of various dermatological conditions.
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Among the probiotic strains analyzed in this review, L. plantarum stands out for its
broad applicability in different dermatological conditions. Studies have shown that this
strain not only improves skin barrier function by reducing transepidermal water loss
(TEWL) but also combats skin inflammations and infections by inhibiting the growth of
pathogens such as S. aureus and P. aeruginosa [32,44]. Additionally, an acceleration in the
wound healing process was observed in wounds treated with L. plantarum, highlighting its
potential in skin regeneration [48,59].

The strain L. rhamnosus has proven to be particularly effective in treating inflammatory
skin diseases, such as atopic dermatitis, where topical application significantly reduced
inflammation levels while restoring the balance of the skin microbiome [39]. This strain has
also been associated with improved skin hydration, making it a promising candidate for
managing inflammatory conditions and dryness [41,59].

L. casei, in turn, has demonstrated efficacy in promoting wound healing and reducing
signs of inflammation in experimental models, as well as showing potential to balance the
skin microbiota, especially in inflammatory conditions such as acne and dermatitis [32].
Together, these three strains present a wide range of dermatological benefits, from wound
healing to reducing inflammation and improving hydration, making them highly relevant
for the development of topical probiotic treatments.

The findings present in these studies are significant for clinical practice. Probiotic-
based topical formulations offer a natural, non-invasive approach to managing various skin
conditions, including acne, eczema, and psoriasis. These products can be integrated into
existing treatment regimens to enhance therapeutic outcomes and improve patient quality
of life [19,22,26]. For example, a bioactive from Levilactobacillus brevis DSM17250 has been
found to stimulate the growth of S. epidermidis, promoting a healthy skin microbiome [60].
Later, L. reuteri DSM 17938 was used to develop an ointment that has shown promise in re-
ducing the severity of atopic dermatitis symptoms [43]. Similarly, synbiotic baths have been
shown to improve atopic dermatitis symptoms, providing a novel approach to managing
this chronic condition [45]. Furthermore, an international study involving 396 patients has
validated the effectiveness of topical prebiotics and postbiotics in improving the symptoms
of atopic dermatitis [61].

Other studies further support the efficacy of probiotic-based treatments. The applica-
tion of L. plantarum LB244R ointment has been shown to alleviate skin aging, demonstrating
significant improvements in skin elasticity and hydration [41]. Moreover, the Dermocos-
metic Mineral 89 Probiotic Fractions adjunct to topical retinoids has shown anti-aging
benefits, including improved skin hydration and reduced irritation [24].

The use of probiotic skin creams has also been found to improve outcomes following
fractional CO2 laser resurfacing, suggesting that probiotics can enhance skin recovery
and reduce post-procedure complications [62]. Additionally, the safety and tolerability of
topical probiotic formulations containing Micrococcus luteus Q24 have been confirmed in
healthy adults, indicating their potential for broader dermatological applications [63].

The selective targeting of skin pathobionts and inflammation with topically applied
lactobacilli has demonstrated significant reductions in skin inflammation and pathogen
load, highlighting the therapeutic potential of probiotics in managing skin microbiome
imbalances [64]. The use of a lotion containing the heat-treated probiotic strain L. john-
sonii NCC 533 has been effective in reducing S. aureus colonization in atopic dermatitis,
underscoring the role of probiotics in managing bacterial skin infections [26]. Addition-
ally, a topical anti-acne cream containing postbiotics has demonstrated efficacy in treating
mild-to-moderate acne, providing an effective alternative to traditional treatments [65].

The characterization of live C. acnes subspecies defendens strain XYCM42 has shown
promise as a topical regimen for promoting general skin health and cosmetic benefits,
further expanding the potential applications of probiotics in skincare [11]. Additionally, nat-
ural topical treatments (based on probiotic extracts, honey, turmeric, and vitamin B12) have
been shown to contribute to a reduction in dry scalp symptoms in children, showcasing the
versatility of probiotics in addressing various dermatological conditions [66].
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Topical creams containing live lactobacilli have the ability to reduce the population
of malodor-producing bacteria and downregulate the expression of genes encoding PLP-
dependent enzymes in the axillary skin microbiome, suggesting the potential of probiotics
in managing body odor [9]. An emulsion formulated using Lactococcus lactis enhanced the
skin barrier function in reconstructed human epidermis models, underscoring the potential
of probiotics in improving overall skin health [67]. Similarly, a lotion containing probiotic
ferment lysates (postbiotic product) has been found to bolster the skin barrier, thereby
providing additional benefits for skin well-being [46].

Despite covering 106 studies on the use of topical probiotics, this review presents
some limitations. Firstly, there is a lack of uniformity among the studies in terms of the
specific dermatological conditions addressed, which complicates direct comparison of the
results. Additionally, most studies focus on limited areas, such as the face and extremities,
restricting the understanding of the impact of probiotics on less-studied regions of the
skin, such as the scalp or intertriginous areas. Another limiting factor is the absence of
a systematic approach that broadly considers factors such as age, sex, and geographical
location, which can affect the efficacy of topical probiotics. Furthermore, this review was
restricted to using a single database, the Web of Science, which may have resulted in the
exclusion of relevant studies available on other indexing platforms, thereby limiting the
comprehensiveness of the research. Many studies are of short duration, preventing a more
robust analysis of the long-term effects of these treatments.

The analysis explores three key research domains involving topical probiotic applica-
tions: wound healing, dermatological conditions, and cosmetic skincare. However, these
areas exhibit distinct methodological approaches, target populations, and stages of scientific
progress. Specifically, research on wound healing therapies remains predominantly in the
experimental phase, with limited translation to clinical practice observed thus far [32,44].
In contrast, studies on skin diseases generally adopt a more clinical approach, centering on
specific dermatological interventions for inflammatory conditions [45,61,62]. Conversely,
skin care research encompasses both in vitro and clinical investigations, though frequently
limited by modest participant numbers [11,59,68]. Therefore, grouping the articles on three
distinct topics related to topical probiotic use constitutes a limitation of the study.

The analyzed studies collectively highlight the substantial potential of probiotic-based
topical formulations in the field of dermatology. These products offer a range of beneficial
effects, including anti-aging and anti-inflammatory properties, as well as improvements
in skin barrier function and microbiome balance. The findings presented support the
integration of probiotic-based treatments into clinical practice, with the aim of enhancing
therapeutic outcomes and improving the quality of life for patients.

5. Future Directions

This bibliometric study examined the topical use of probiotics for the treatment of
inflammation and general skin care. The analysis evaluated factors such as co-authorship,
citations, bibliographic coupling, and word co-occurrence. The findings indicate that
research on topical probiotics has global relevance and impact, as evidenced by cross-
country collaborations. The studies cover a diverse range of applications, from odor control
to atopic dermatitis and environmental skin protection, highlighting the broad benefits of
probiotics in dermatology. The collaborative nature of this field, evident from the analysis
of citations from top-contributing countries, underscores the global importance and the
need for continued joint efforts to drive innovation and practical applications of probiotics
in skin care.

Despite the advancements in topical probiotic research, there are still important chal-
lenges that warrant careful consideration and further investigation. The selection of appro-
priate probiotic strains for specific skin conditions is a critical factor, as different microbial
species and strains can have varying effects on the skin microbiome and host response.
Future research should focus on developing and testing targeted topical probiotic formu-
lations to address specific dermatological conditions such as acne, dermatitis, eczema,
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and psoriasis. Identifying and validating probiotic strains is crucial. For acne, strains
like L. reuteri and C. acnes subspecies defendens should be investigated for their ability to
reduce inflammation and regulate sebum production. For dermatitis and eczema, strains
such as L. rhamnosus and B. longum should be prioritized to enhance skin barrier function
and reduce inflammatory responses. In the case of psoriasis, the efficacy of L. sakei and
L. plantarum in modulating immune responses and alleviating psoriatic symptoms should
be explored.

Developing stable formulations that maintain the viability and efficacy of probiotics
throughout the product’s shelf life is essential. This includes testing different delivery
systems, such as creams, gels, serums, and lotions, to determine the most effective method
for various skin conditions. Conducting well-designed clinical trials is necessary to establish
the safety and efficacy of topical probiotics. Long-term studies are particularly important
for understanding the sustained effects of these treatments on chronic conditions like acne
and dermatitis. For example, a clinical trial could evaluate the long-term benefits of an
L. reuteri cream in reducing acne lesions and preventing recurrence.

Investigating the mechanisms by which probiotics exert their beneficial effects on the
skin is another critical area. This includes studying how probiotics interact with the skin
microbiome, modulate the immune response, and enhance the skin barrier. For instance,
research could focus on how B. longum strengthens the skin barrier by promoting ceramide
production and reducing transepidermal water loss. Examining how factors such as age,
sex, and geographical location influence the effectiveness of probiotic treatments can lead
to more personalized skincare solutions, improving outcomes for diverse populations.
Personalized treatments could involve tailoring probiotic formulations based on individual
skin microbiome profiles and specific dermatological needs.

Expanding research to less-studied areas of the skin, such as the scalp and intertrigi-
nous regions, can provide a more comprehensive understanding of the benefits of topical
probiotics. Studies could explore the use of probiotics in treating scalp conditions like
seborrheic dermatitis or intertriginous dermatitis in skin folds. Exploring the potential of
combining probiotics with other therapeutic agents, such as retinoids or anti-inflammatory
compounds, can enhance treatment efficacy and provide synergistic benefits for managing
complex skin conditions. For example, a combination therapy using L. johnsonii and topical
corticosteroids could be tested for its effectiveness in reducing atopic dermatitis flare-ups.

The advancement of research on probiotics and skin health relies heavily on interdis-
ciplinary collaboration. Partnerships between dermatologists, microbiologists, pharma-
cologists, and industry experts are crucial for driving innovation and translating research
findings into effective clinical and commercial applications. Such collaborations are essen-
tial for fostering scientific progress and improving patient outcomes, as well as facilitating
the development of standardized protocols and enhancing the reproducibility and reliability
of research findings.

6. Conclusions

This bibliometric analysis examined the topical use of probiotics for wound healing,
inflammation, and general skin care. This included evaluating co-authorship, citations,
bibliographic coupling, and word co-occurrence. Research on topical probiotics has global
relevance and impact, as shown by cross-country co-authorship analysis. Studies cover
a range of applications, from odor control to atopic dermatitis and environmental skin
protection, highlighting the diverse benefits of probiotics in dermatology. Collaboration
across countries integrates knowledge and technologies, enabling innovation and effective
skin health solutions. Analysis of citations from the top 10 countries reveals a diverse,
collaborative landscape, reflecting the global importance of this field and the need for
continued collaborative efforts to drive innovation and practical application of probiotics
in skin care.

The co-authorship network indicated a collaborative research structure, with distinct
groups of institutions from Greece, France, Brazil, and South Korea leading the collabora-
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tion. The strong presence of cosmetic companies underscores the industry’s importance
in dermatological research. The studies explored a range of applications, from wound
healing and reducing skin bacterial colonization to anti-aging benefits and treating aller-
gic skin inflammation. Both in vivo, in vitro, and clinical investigations emphasized the
value of combined probiotic formulations and their potential for therapeutic and cosmetic
uses. Ranking analysis identified influential institutions, such as Shiraz University, Nestlé
Research Center, and Malmö University, based on high average citations per article. Interna-
tional collaborations and university–industry partnerships are crucial for driving significant
advances in topical probiotic research and fostering innovation in skin care applications.

The co-authorship network analysis revealed a diverse collaborative structure among
the researchers, with multiple clusters engaged in various aspects of the research. A tem-
poral assessment of the collaborations indicated active contributions through recent pub-
lications, highlighting the dynamic and expanding nature of this field of study. Intense
collaborations within the green and red clusters suggest cohesive and productive research
groups, while the blue and yellow clusters exhibit more specific and focused collaborations.
These collaborative networks are essential for driving significant advancements in topi-
cal probiotic research, fostering innovation, and making new discoveries in the realm of
skin care.

This study highlighted the importance of international and institutional collaboration,
identifying key contributors and trends in research on using probiotics topically. The
findings emphasize the relevance of ongoing collaborative efforts to promote innovations
and improve skin health through probiotic use, leading to significant advancements in
dermatology and enhanced patient outcomes.
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4 DISCUSSÃO INTEGRADORA 
 

A pele é essencial para a homeostase e proteção contra agentes externos, sendo foco 

crescente da pesquisa dermatológica. Estudos recentes destacam o potencial terapêutico dos 

probióticos na modulação da microbiota cutânea, resposta imunológica e fortalecimento da 

barreira da pele, beneficiando condições como acne, dermatite e psoríase (SEN, 2023). 

ROUSSEAU et al. (2023) registraram o interesse ampliado na área, especialmente após a 

pandemia de COVID-19, com um expressivo impulso das colaborações internacionais e a 

aplicação desses bioativos em cicatrização de feridas e doenças inflamatórias. SODRÉ et al. 

(2023) reforçaram os achados da eficácia de formulações probióticas tópicas na saúde da pele 

e na regulação da inflamação, incentivando novas abordagens terapêuticas baseadas em 

biotecnologia. 

O microorganismo do gênero Lactiplantibacillus utilizado, no atual estudo, possui 

registros de atividade antimicrobiana frente a determinados patógenos, pois apresenta a 

capacidade de produzir metabólitos secundários em meios de cultura sólidos, o que pode estar 

relacionada aos peptídeos ou proteínas bacterianas, bacteriocinas, geradas e que são 

responsáveis por uma ação inibitória a determinadas estirpes microbianas, cenário evidenciado, 

por exemplo, nos estudos de MACHADO e LOBO (2023). De forma complementar, LAYUS 

et al. (2020) já ressaltavam que podem ocorrer diferenças nas ações antimicrobianas dessa 

espécie de lactobacilos, possivelmente, em virtude de uma menor produção de determinados 

metabólitos por L. plantarum, bem como inerentes variações das condições de cultivo e meios 

utilizados. 

Além disso, a associação direta com determinados tipos de géis, como o hidrogel, 

fornece suporte e potencialização da atividade antimicrobiana por meio de efeitos citotóxicos e 

imunológicos, que complementam a ação direta do probiótico utilizado. Tais constatações são 

facilmente evidenciadas nos estudos de MACEDO et al. (2022). Resultados que envolvem a 

combinação entre Lactiplantibacillus e determinados géis destacam uma metodologia 

promissora para redução da carga bacteriana em diferentes patógenos, podendo assim ampliar 

seu espectro de ação. BARAL et al. (2021) já haviam incorporado essa estratégia terapêutica 

de aplicação de probióticos aliadas a certas tecnologias de formulação farmacêutica. E estudos 

mais recentes, continuam a enaltecem essa temática (ALTUNTAS, 2024).  

Em estudos experimentais dermatológicos, in vivo com ratos e camundongos, 

HANKENSON et al. (2018) já enfatizavam que a termorregulação dos roedores deve ser 

considerada para garantir seu bem-estar e a precisão dos experimentos, evitando impactos no 
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metabolismo desses animais, e assegurando a validade dos estudos toxicológicos e a 

reprodutibilidade dos resultados. Além disso, SADIE-VAN e KOTZÉ-HÖRSTMANN (2023) 

indicaram que o controle do peso corporal é um parâmetro essencial na avaliação toxicológica, 

pois seu desequilíbrio pode indicar efeitos tóxicos precoces, enquanto sua estabilidade sugere 

baixa toxicidade e segurança dos modelos experimentais utilizados.  

Já MORARI et al. (2022) ressaltaram que, mesmo entre camundongos suíços do mesmo 

gênero e faixa etária, podem ocorrer variações fisiológicas significativas, como diferenças no 

peso corporal e na ingestão alimentar, impactando os resultados experimentais. KINYI et al. 

(2023) confirmaram que o peso corporal é um indicador do bem-estar animal, e o ganho 

progressivo de peso observado no estudo atual sugere que os animais mantiveram uma ingestão 

adequada de alimento e água, refletindo condições favoráveis ao longo do experimento. 

Estudos em camundongos indicam que os probióticos tópicos modulam a resposta 

imune, reduzindo mediadores inflamatórios e sinais de irritação, como eritema e edema 

(BRANDI et al., 2020). Todavia, FRANÇA et al. (2021) descreveram que essas alterações 

envolvem citocinas e prostaglandinas, que podem intensificar efeitos tóxicos dérmicos em 

exposições prolongadas. E já GOWDA et al. (2024) destacam que embora certos probióticos 

exerçam efeitos protetores na pele e favorecerem um ambiente anti-inflamatório, são 

necessários ensaios clínicos adicionais para avaliar com maior precisão a estabilidade e a 

funcionalidade dessas formulações, permitindo uma recomendação segura para tratamentos 

dermatológicos baseados nesses bioativos.  

Entre os testes a serem realizados, a importância das análises histológicas da pele, um 

órgão acessível e manipulável em experimentos, é enfatizada por MOROKI (2023), que destaca 

a relevância da epiderme, derme e outras estruturas na avaliação toxicológica. Fatores como a 

espessura do estrato córneo variam entre regiões e espécies, influenciando a absorção dérmica 

de compostos. Dessa forma, compreender a estrutura e função da pele, bem como possíveis 

artefatos, é essencial para análises toxicológicas em aplicações tópicas e sistêmicas. 

WEATHERLY et al. (2024) reforçam essa perspectiva, salientando que ratos e camundongos, 

amplamente utilizados nesses estudos, são modelos valiosos para a investigação dos efeitos de 

substâncias na pele. 

De forma complementar, a avaliação de parâmetros hematológicos e bioquímicos é 

essencial para estabelecer o estado fisiológico de animais de laboratório, pois esses marcadores 

são utilizados para monitorar o estado nutricional de ratos e camundongos, além de auxiliarem 

no diagnóstico de infecções, doenças e danos a órgãos. Em geral, os valores desses parâmetros 
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costumam se encontrar dentro das faixas de referência normais para essas espécies, conforme 

descrito por KINYI et al. (2023). No entanto, diversos estudos apontam para a dificuldade de 

padronizar esses marcadores de maneira formal. A busca por estabelecer valores de referência 

para esses parâmetros em diferentes linhagens e/ou populações de camundongos segue sendo 

um desafio, como observado por PATEL et al. (2024). 

 

6 CONCLUSÃO 

Os resultados deste estudo indicam que Lactiplantibacillus plantarum M2 incorporado 

ao gel de goma guar manteve sua viabilidade e atividade antimicrobiana, incluindo a capacidade 

de erradicar biofilmes, em modelo ex vivo com pele suína. A formulação também demonstrou 

estabilidade por mais de 30 dias de armazenamento. Os resultados também não demonstraram 

alterações dérmicas, como eritema e edema, e não foram observadas reações positivas nos testes 

de irritabilidade dérmica e toxicidade, além da avaliação promissora da atividade anti-

inflamatória da associação do gel de goma guar com as espécies de lactobacillus utilizadas, 

demonstrando, em suma, a possível segurança e eficácia da formulação probiótica testada. 

reforçando assim a roposta de adaptação e continuidade dos estudos deste bioproduto tópico. 
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APÊNDICE I 
Apêndice 01 – Imagens Referentes ao Artigo: DEVELOPMENT OF GUAR GUM-BASED 

TOPICAL HYDROGELS CONTAINING Lactiplantibacillus plantarum M2 FOR THE 

TREATMENT OF CUTANEOUS INFECTIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fonte: Autores (2024) 

Figura 1 (b). Camundongo Swiss fêmea, de 8 semanas (Dia zero), já realizada a depilação 
dos pêlos da região dorsal (na linha média cervical) 24 horas antes do procedimento 

experimental de avaliação de toxicidade da formulação, durante 14 dias. 
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Fonte: Autores (2024) 

Figura 2(b).  Registro de imobilização e tratamento com gel de goma guar mais 
Lactiplantibacillus plantarum M2, na área depilada, em camundongo Swiss fêmea, de 8 

semanas (3º dia), do procedimento experimental de avaliação de toxicidade da formulação, 
durante 14 dias. 

 

 

 

 

 

 

 
  

 

 

 

Fonte: Autores (2024) 

Figura 3. Registro de pesagem diária em balança analítica digital, do camundongo 02 tratado 
com gel de goma guar mais Lactiplantibacillus plantarum M2 (14º dia), do procedimento 

experimental de avaliação de toxicidade da formulação, durante 14 dias. 
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Fonte: Autores (2024) 
Figura 4. Camundongo adulto Swiss macho (7º dia), sobre a sua gaiola de guarda, com a 
presença de sua ração e água, do experimento de avaliação da toxicidade dérmica de dose 

repetida, durante 28 dias. 
 

 

 

 

 

 

 

 

 

 

 

Figura 5. Imagens dos equipamentos utilizados para o controle de peso, consumo da ração e 
água dos camundongos adultos Swiss, machos e fêmeas, do experimento de avaliação da 

toxicidade dérmica de dose repetida, durante 28 dias. 
 

 

 

 
 

Balança analítica digital Proveta de vidro graduada 

Fonte: Adaptado de Frascopira (2024) 
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ANEXO I 

 
Anexo 1 – Comprovante de aceite de publicação do periódico MICROORGANISMS, 

QUALIS A3 (Classificação 2017-2020) 
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Anexo 2 – Comprovante de aceite de publicação do periódico REVISTA CADERNO 

PEDAGÓGICO, QUALIS A2 (Classificação 2017-2020) 
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