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RESUMO 

 

MATTOSINHOS, Patricia da Silva, M.Sc., Universidade Federal de Viçosa, agosto de 2022. 
Potencial anti-inflamatório, antioxidante e regenerativo de metabólitos secundários de 
Brassicaceae na pele: Uma revisão sistemática. Orientadora: Reggiani Vilela Gonçalves. 
Coorientadores: Mariaurea Matias Sarandy e Romulo Dias Novaes. 
 

A família Brassicaceae constitui um grupo que abriga numerosos gêneros de plantas 

herbáceas e nos últimos anos vem ganhando notoriedade devido a suas propriedades anti-

inflamatórias, antioxidantes e pró-regenerativas, bem como sua ampla distribuição em todo o 

mundo. Baseado nisto, na presente proposta avaliamos eficácia da família Brassicaceae no 

tratamento de doenças inflamatórias cutâneas e feridas de pele, com base em evidências pré-

clínicas de estudos in vivo e in vitro usando uma revisão metodológica. Assim, construímos 

uma revisão sistemática seguindo as orientações do guia Prisma (2020) e realizamos uma 

busca estruturada nas plataformas PubMed-Medline, Scopus e Web of Science. Foram usados 

os seguintes critérios de elegibilidade: estudos pré-clínicos que investigaram o efeito da 

família Brassicaceae em distúrbios cutâneos. A qualidade metodológica dos estudos 

individuais foi feita usando a ferramenta padronizadas RoB SYRCLE adaptada para evidência 

pré-clínica. Nossos resultados mostraram que a exposição da pele a compostos obtidos a partir 

da família Brassicaceae têm impactos positivos sobre o processo de reparo cutâneo, em 

especial na regulação da fase inflamatória, diminuindo o edema tecidual e consequentemente 

acelerando o processo de recuperação do tecido cutâneo. Além disto, nossos resultados 

mostraram que a família Brassicaceae tem atividade antioxidante reduzindo a produção de 

mieloperoxidase e consequentemente a diminuição da expressão de enzimas antioxidantes. Os 

compostos presentes na família Brassicaceae promoveram redução na via do fator nuclear 

kappa β (NFκβ), importante via envolvida no processo de oxi-inflamação durante as lesões 

cutâneas. Os metabólitos secundários comumente descritos nos estudos individuais foram: 

polifenóis (68,75%; n = 11), terpenos/carotenoides (31,25%); n = 5) e glicosilatos (25%; n = 

4), e a eles foi atribuído o potencial antioxidante e anti-inflamatório relatado nos estudos 

individuais incluidos nesta revisão. Nossos resultados também mostraram que a evidência 

atual é confiável, pois a análise da qualidade metodológica dos estudos mostrou baixo risco de 

viés. Baseado nisto, nossa revisão mostrou que os compostos derivados da família 

Brassicaceae apresentam um elevado potencial para tratar doenças inflamatórias da pele, 

diminuir o edema e acelerar a cicatrização de feridas cutâneas. Esperamos que nossa análise 

crítica possa ajudar os tomadores de decisão nesta área e agilizar pesquisas clínicas sobre o 



 

 

 

uso de compostos obtidos de Brassicaceae para o tratamento de patologias cutâneas. O 

número de registro na plataforma Prospero é CRD42021262953. 

 

Palavras-chave: Brassicaceae. Inflamação. Murino. Células epiteliais. Citocinas. Mediadores 

inflamatórios. Edema. Reparo cutâneo. Lesões de pele. 



 

 

 

ABSTRACT 

 

MATTOSINHOS, Patricia da Silva, M.Sc., Universidade Federal de Viçosa, August, 2022. 
Anti-inflammatory, antioxidant and regenerative potential of secondary metabolites of 
Brassicaceae on skin: A systematic review. Adviser: Reggiani Vilela Gonçalves. Co-
advisers: Mariaurea Matias Sarandy and Romulo Dias Novaes. 
 

The Brassicaceae family constitutes a group that includes numerous genera of herbaceous 

plants and in recent years has gained notoriety due to its anti-inflammatory, antioxidant, and 

pro-regenerative properties, as well as its wide distribution worldwide. Based on this, in the 

present proposal we evaluate efficacy of the Brassicaceae family in the treatment of 

inflammatory skin diseases and skin wounds, based on preclinical evidence from in vivo and 

in vitro studies using a methodological review. Thus, we constructed a systematic review 

following the guidelines of the Prisma (2020) guide and conducted a structured search on the 

PubMed-Medline, Scopus, and Web of Science platforms. The following eligibility criteria 

were used: pre-clinical studies that investigated the effect of the Brassicaceae family on skin 

disorders. The methodological quality of the individual studies was done using the 

standardized RoB SYRCLE tool adapted for preclinical evidence. Our results showed that the 

exposure of the skin to compounds obtained from the Brassicaceae family have positive 

impacts on the skin repair process, especially in the regulation of the inflammatory phase, 

decreasing tissue edema and consequently accelerating the recovery process of the skin tissue. 

Furthermore, our results showed that the Brassicaceae family has antioxidant activity by 

reducing the production of myeloperoxidase and consequently the decreased expression of 

antioxidant enzymes. The compounds present in the Brassicaceae family promoted reduction 

in the nuclear factor kappa β (NFκβ) pathway, an important pathway involved in the 

oxyinflammation process during skin lesions. The secondary metabolites commonly described 

in the individual studies were polyphenols (68.75%; n = 11), terpenes/carotenoids (31.25%); n 

= 5), and glycosylates (25%; n = 4), and to these were attributed the antioxidant and anti-

inflammatory potential reported in the individual studies included in this review. Our results 

also showed that the current evidence is reliable, as the analysis of the methodological quality 

of the studies showed a low risk of bias. Based on this, our review showed that compounds 

derived from the Brassicaceae family have a high potential to treat inflammatory skin 

diseases, decrease edema, and accelerate the healing of skin wounds. We hope that our critical 

analysis can help decision makers in this area and expedite clinical research on the use of 



 

 

 

compounds obtained from Brassicaceae for the treatment of skin pathologies. The registration 

number on the Prospero platform is CRD42021262953. 

 

Keywords: Brassicaceae. Inflammation. Murine. Epithelial cells. Cytokines. Inflammatory 

mediators. Edema. Skin repair. Skin lesions. 
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1. INTRODUÇÃO 

 

A pele é o maior órgão do corpo humano e responde a uma variedade de estímulos físicos 

que podem modificar suas propriedades químicas e biológicas através da ativação de vias 

específicas relacionadas a dor e inflamação (PUBLIO, 2020). A pele apresenta diversas 

funções, como excreção de toxinas e resíduos metabólicos, sensibilidade (dor, térmica e tátil), 

termorreguladora, barreira química e mecânica contra agentes externos e metabólica (vitamina 

D). A estrutura da pele é formada pela epiderme e derme (CAÑEDO-DORANTES & 

CAÑEDO-AYALA, 2019). As principais células que compõem a epiderme são os 

queratinócitos, os melanócitos e as células de Langerhans. Os queratinócitos sintetizam a 

queratina, mantêm a homeostase do tecido e representam a primeira linha de defesa da pele, 

pois resistem a agressões e danos sofridos. Os melanócitos sintetizam melanina, cuja função é 

a proteção contra raios ultravioletas liberados pelo sol. As células de Langerhans (macrófagos 

quando chegam à pele) atuam fagocitando e intensificando a resposta imunológica. Logo 

abaixo da epiderme está a derme, formada principalmente por abundante matriz extracelular, 

especialmente colágeno e elastina e células como fibroblastos, endoteliais e macrófagos. As 

células da derme são responsáveis pela extensibilidade, sustentação e resistência da pele 

(KASHIWABARA et al., 2016; SINGH et al., 2017). Quando a barreira física da pele é 

rompida ocorre a instalação de um processo inflamatório caracterizado por eventos complexos 

que incluem desregulação e expressão anormal de mediadores inflamatórios ou seus 

receptores nas células da pele, como os queratinócitos (GJERSVIK, 2018).  

A pele é um tecido intensamente metabólico e devido à sua extensa área no corpo é o 

principal alvo aos danos dos radicais livres (RLs), sendo a defesa antioxidante constantemente 

solicitada. Diversos mecanismos antioxidantes, tanto de natureza enzimática como não-

enzimática, protegem a pele dos danos oxidativos. Dentre os antioxidantes enzimáticos, 

destacam-se a catalase (CAT), a glutationa peroxidase (GPx) e a superóxido dismutase 

(SOD). Os antioxidantes têm como finalidade diminuir ou bloquear as reações de oxidação 

induzidas pelos RLs. As reações oxidativas ocorrem fisiologicamente no organismo, porém, 

são contrabalançadas pela ação de antioxidantes endógenos ou provenientes da alimentação, 

como vitamina C, E e tocoferois e produtos naturais, como plantas (Deng et al., 2021). A 

vitamina C neutraliza os RLs e ajuda na conservação da vitamina E, estimulando a produção 

de colágeno. As espécies reativas de oxigênio induzem alterações na biossíntese de colágeno 

em fibroblastos na derme e essas modificações foram prevenidas com o acréscimo do α-

tocoferol aos fibroblastos (VIEIRA & SOUZA, 2019). 
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Alterações que acometem a integridade da pele, geralmente acabam resultando em lesões 

e patologias com prognóstico muitas vezes ruim para a recuperação deste tecido (MITTAG et 

al., 2017). Sendo assim, é necessário atenção aos fatores que podem comprometer a 

homeostase deste tecido e consequentemente influenciar negativamente no seu tratamento, 

principalmente quando as lesões estão associadas a doenças inflamatórias agudas e crônicas. 

Neste contexto, podemos destacar as feridas cutâneas e o edema da derme, alterações que 

podem ou não estar associadas entre si e são processos complexos que podem estar 

relacionados a uma série de patologias como diabetes, queimaduras, etc. Podemos destacar 

diferentes fases onde ocorrem eventos celulares distintos, interdependentes e orquestrados, 

que pode ser dividido nas seguintes etapas: inflamação, proliferação e remodelação 

(GUSHIKEN et al., 2021).  

A fase inflamatória tem como objetivo principal o estabelecimento de uma barreira 

imunitária contra microrganismos invasores. Nesta fase ocorre os fenômenos exsudativos, os 

quais caracterizam pela exsudação plasmática por aumento da permeabilidade vascular 

levando ao edema inflamatório, ocasionado pelo aumento da pressão coloidosmótica 

intersticial promovido pelas proteínas plasmáticas. E pela exsudação celular ou de leucócitos, 

que realizam a fagocitose e liberam produtos, mediadores químicos, que modulam e 

amplificam a reação inflamatória. Normalmente, a resposta celular é estabelecida nas 

primeiras 24 horas podendo se estender até 36 horas. Também pode ocorrer uma rápida 

ativação das células imunes no tecido, como ocorre com mastócitos e células de Langerhans, 

que secretam quimiocinas e citocinas. As células inflamatórias desempenham um papel 

importante no processo cicatricial e contribuem para a liberação de enzimas lisossômicas e 

espécies reativas de oxigênio, além de auxiliar na limpeza de vários detritos celulares 

(GONZÁLES et al., 2016; BRASILEIRO FILHO, 2018).  

A fase proliferativa caracteriza-se pela migração de fibroblastos e deposição de matriz 

extracelular recentemente sintetizada, nota-se a presença de um tecido de granulação.  A fase 

proliferativa busca reduzir a área de lesão tecidual pela contração de miofibroblastos e 

fibroplasia (GONZÁLES et al., 2016). Nesta fase, ocorre vários eventos, como a migração de 

fibroblastos, os quais são atraídos por fatores, como TGF-β e fator de crescimento derivado de 

plaquetas (PDGF), produzidos por células inflamatórias e plaquetas. Ocorre também a 

angiogênese e a formação de um tecido de granulação, formado por macrófagos, fibroblastos 

e estroma vascularizado, juntamente com a matriz de colágeno, fibrinogênio, fibronectina e 

ácido hialurônico (SORG et al., 2016; GUSHIKEN et al., 2021). A última fase de cicatrização 

da ferida, a remodelação, é responsável pelo desenvolvimento do novo epitélio e pela 



12 

 

 

formação final do tecido cicatrizado. No entanto, se as fases de cicatrização ou respostas 

excessivas do organismo à lesão forem prolongadas, há o impedimento da cicatrização normal 

da ferida e pode estar associada a cicatrizes (SORG et al., 2016; EL AYADI et al., 2020). 

Se houver interrupção ou atraso no processo de cicatrização, a ferida pode tornar-se 

crônica, causando maiores danos ao indivíduo, como dor, amputação e até mesmo a morte 

(STANOJCIC et al., 2018). Desta forma, as feridas de pele representam um sério problema de 

saúde pública, e estão frequentemente associadas a altos custos de tratamento e medicamentos 

ineficientes. Além disto, a prevenção e o tratamento das feridas de pele ainda são 

considerados um grande desafio, onde são gastos anualmente milhões de dólares para tentar 

acelerar o processo de cura. No entanto, a falta de padronização, de transparência e 

entendimento dos efeitos biológicos e celulares das drogas atualmente disponíveis no mercado 

têm tornado crescente a busca por novas terapias que acelerem o processo de cura das lesões 

cutâneas. Neste contexto, o uso de produtos naturais, especialmente compostos obtidos a 

partir de plantas têm representado uma alternativa atrativa e desafiadora (ATANASOV et al., 

2015; GUEST et al., 2015; ZAYNAB et al., 2018). Nesta conjuntura, as Brassicaceae vêm 

despertando o interesse de pesquisadores para o desenvolvimento de compostos bioativos de 

potencial terapêutico devido suas propriedades farmacológicas e ao seu baixo custo-benefício. 

Esta família de plantas apresenta resultados promissores no tratamento de feridas cutâneas, 

pois influenciam positivamente nas fases de cicatrização, promovendo a proliferação celular, 

aumentando a síntese do colágeno e estimulando a reepitelização do tecido lesionado 

(POLJSAK et al, 2020). 

As Brassicaceae pertencem a família de plantas mais cosmopolita do mundo. Sua maior 

diversidade está centrada nas regiões temperadas do hemisfério norte, estendendo-se do 

Mediterrâneo até a Ásia Central (WARWICK et al., 2006). As Brassicaceae são comumente 

usadas como agentes anti-inflamatório, antioxidante e cicatrizante, propriedades estas que 

estão relacionadas à sua composição química. 

Esta família de plantas possui vários metabólitos secundários, como glucosinolatos, 

sinigrina e flavonoides, sendo estes últimos os principais encontrados. Além disso, 

apresentam em sua composição, hormônios, como brassinosteróides e aminoácidos que 

contribuem para suas propriedades anti-inflamatórias e curativas (ESPOSITO et al., 2013; 

KOHLI et al., 2020). Embora já seja conhecido os efeitos das Brassicaceae em alterações 

cutâneas, ainda existe uma defasagem de informações sobre as vias ativadas pelas mesmas, os 

mecanismos de ação e em quais concentrações/dosagens elas exercem efeitos benéficos e 

possível dano ao organismo. Pensando nisso, desenvolvemos uma revisão sistemática, com 
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estudo in vitro e in vivo, no intuito de entender quais vias são ativadas e em quais dosagens 

essas espécies podem apresentar seus efeitos observados no organismo. 

2. OBJETIVOS 

2.1 OBJETIVO GERAL 

Diante do exposto, a presente dissertação teve como objetivo conduzir uma revisão 

sistemática para avaliar a potencial eficácia da família Brassicaceae no tratamento de doenças 

inflamatórias e feridas de pele, com base em evidências pré-clínicas de estudos in vitro e in 

vivo. 

2.2 OBJETIVOS ESPECÍFICOS 

• Realizar uma revisão sistemática sobre a influência da família Brassicaceae nos 

distúrbios cutâneos utilizando análise in vitro e in vivo no modelo pré-clínico; 

• Identificar as principais vias celulares e moleculares estimuladas pela família 

Brassicaceae em alterações cutâneas; 

• Identificar os efeitos da família Brassicaceae em processos inflamatórios cutâneos; 

• Analisar em quais concentrações/dosagem as Brassicaceae apresentam seus efeitos 

relatados (anti-inflamatório, antioxidante e cicatrizante); 

• Verificar por meio de uma análise criteriosa a qualidade metodológica dos estudos 

disponíveis sobre a família Brassicaceae expostas à pele durante uma cicatrização de feridas 

ou no desenvolvimento de edema; 

• Nortear a escolha e o desenvolvimento de futuras investigações na área, identificando 

os métodos de pesquisa utilizados. 
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Abstract 
The Brassicaceae family constitutes some of the most well-studied natural products in the 
world, due to their anti-inflammatory, anti-oxidative, and pro-regenerative properties as well 
as their ubiquitous distribution across the world. To evaluate the potential efficacy of the 
Brassicaceae family in the treatment of inflammatory skin disorders and wounds, based on 
preclinical evidence from in vivo and in vitro studies. This systematic review was performed 
according to the PRISMA guidelines, using a structured search on the PubMed-Medline, 
Scopus, and Web of Science platforms. The studies included were those that used murine 
models and in vitro studies to investigate the effect of Brassicaceae on skin disorders. Bias 
analysis and methodological quality assessments were examined through SYRCLE’s RoB 
tool. Brassicaceae have shown positive impacts on inflammatory regulation of the skin, 
accelerating the wound healing process, and inhibiting the development of edema. The studies 
showed that the Brassicaceae family has antioxidant activity and effects on the modulation of 
cyclooxygenase 2 and the nuclear factor kappa β (NFκβ) pathway. The secondary metabolites 
present in Brassicas are polyphenols (68.75%; n = 11), terpenes/carotenoids (31.25%; n = 5), 
and glycosylates (25%; n = 4), which are responsible for their anti-inflammatory, healing, and 
antioxidant effects. In addition, the current evidence is reliable because the bias analysis 
showed a low risk of bias. Our review indicates that compounds derived from Brassicaceae 
present exceptional potential to treat inflammatory skin diseases and accelerate cutaneous 
wound healing. We hope that our critical analysis can help to expedite clinical research and to 
reduce methodological bias, thereby improving the quality of evidence in future research. The 
registration number on the Prospero platform is CRD42021262953. 
 
Keywords: Brassicaceae; inflammation; murine; epithelial cells; cytokines; inflammatory 
mediators.  
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1. Introduction  

The skin is the largest organ of the human body and has several roles, including 

protection against microorganisms and thermoregulation [1]. Many alterations can affect the 

integrity of this organ, usually resulting in diseases [2]. Therefore, skin diseases and changes 

represent a serious health problem worldwide and are frequently associated with high costs 

for treatment and inefficient medicines [3]. The problem is due to the complexity and lack of 

understanding of the mechanisms involved during the inflammatory process. In each stage of 

skin lesion recovery, different cells and mediators act to promote tissue regeneration, 

independent of the etiology. The skin recovery process is separated into inflammation, 

proliferation, and tissue remodeling phases [4]. If the inflammation process persists, excessive 

release of inflammatory mediators, free radicals and reactive oxygen species (ROS) by 

macrophages and neutrophils occurs, promoting oxidative stress [5]. The mechanism that 

explains a direct relationship between inflammation and oxidative balance is known as 

respiratory burst, or inflammasome, in which the greater the inflammation, the greater the 

tissue oxidative imbalance [6]. Therefore, the control of inflammation is essential for a good 

recovery of the skin tissue. Therapeutic interventions that assist in rapid recovery and promote 

infection control and consequently the resolution of the inflammatory process are increasingly 

necessary. 

In this sense, the search for natural products for the treatment of skin diseases has been 

growing. Among these products, we can highlight compounds obtained from the 

Brassicaceae, one of the largest plant families distributed on all continents except the 

Antarctic [7]. Brassicas are not endemic to Brazil but are the most cosmopolitan plant family 

in the plant kingdom. Their greatest diversity is centered in the temperate regions of the 

northern hemisphere, extending from the Mediterranean to Central Asia [8]. They have great 

importance for medicine, being used as anti-inflammatory, antioxidant, and healing agents. 

These properties are related to their chemical composition, especially flavonoids, folic acid, 

amino acids, vitamins, and minerals [9]. This family comprises several secondary metabolites 

(glucosinolates, e.g., sinigrin), hormones (e.g., brassinosteroids), and amino acids that 

contribute to its anti-inflammatory and healing properties [10,11]. In addition to its probable 

action and effectiveness compared to drugs, it has a low cost compared to the drugs, making it 

affordable for the population. 

The available evidence on doses, timing, and different types of compounds obtained 

from Brassicas is rather fragmented. In this context, we used a systematic review framework 
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to integrate preclinical evidence (in vitro and in vivo) to investigate the relevance of the use of 

Brassicaceae in skin disorders. In addition, the methodological quality of each in vivo study 

was assessed, pointing out the main sources of bias that undermine the quality of the current 

evidence and that should be overcome in natural options to treat skin changes. 

2. Methods and Materials 

2.1 Focus Question 

The main question to be answered in this systematic review was: What is the influence of 

the Brassicaceae family on skin inflammatory diseases using in vitro and in vivo analysis? 

 

2.2 Search Strategy 

This systematic review followed the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines [12] (Figure 1), which were used as a guide for 

study selection, screening, and eligibility. Based on two parameters, a search strategy was 

developed to maximize the retrieval of relevant study registers. The first parameter was based 

on a direct advanced search in the electronic databases PubMed/Medline 

(www.ncbi.nlm.nih.gov/pubmed, accessed on 12 April 2021), Scopus (www.scopus.com, 

accessed on 12 April 2021), and Web of Science (www.webofknowledge.com, accessed on 

12 April 2021). In the second parameter, an indirect screening was performed by carefully 

reading the reference list of selected articles previously in the databases, to select potential 

studies to be included in the systematic review. For all databases, search filters were based on: 

(i) skin and (ii) Brassicaceae. 

  

 

 

 

 



 

 

20 

 

 
Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. The flowchart indicates the research 
records obtained at all standardized stages of the search process required for the development of systematic reviews and meta-analyses. Based on 
the PRISMA statement (http://www.prisma-statement.org, accessed on 25 June 2022). * Consider, if feasible to do so, reporting the number of 
records identified from each database or register searched (rather than the total number across all databases/registers). ** If automation tools 
were used, indicate how many records were excluded by a human and how many were excluded by automation tools.
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A search filter was initially developed for PubMed/Medline according to standardized 

descriptors (MeSH terms) organized in the hierarchical tree of the MeSH database (www. 

ncbi.nlm.nih.gov/mesh, accessed on 10 April 2021). The commands (MeSH Terms) and 

TIAB were combined to broaden the retrieval of relevant indexed studies and those in the 

indexing process. The search matrix used in the PubMed/Medline database was adapted for 

Scopus and Web of Science by using the search algorithms TITLE-ABS-KEY or TS=, 

respectively [13]. Table S1 fully describes the search strategy for this review. 

Two reviewers (PSM and MMS) conducted the literature search, removed duplicate 

articles, and examined titles and abstracts according to eligibility criteria. In case of 

discrepancies, another group of reviewers (RDN, DAE, and RVG) decided whether the study 

met the inclusion criteria. 

Two independent researchers (PSM and MMS) conducted the literature search. The 

kappa test was performed for data selection (kappa = 0.911). 

2.3 Eligibility Criteria 

After initial screening and removal of duplicates, the full text of potentially relevant 

studies was retrieved and then assessed for eligibility for inclusion in the review. Study 

exclusion was based on well-defined criteria as follows: (i) studies ex vivo, (ii) studies with 

humans; (iii) secondary studies (i.e., editorials, commentaries, letters to the editor, literature 

reviews without original data). In addition, no language limits were applied in the primary 

search. All studies published up to April 2021 were included in the systematic review. The 

search strategy is detailed in the supplementary materials (Table S1). Only studies that met 

the following eligibility criteria were selected: 

(1) Studies that evaluate Brassicas exposure in the skin changes. 

(2) In vivo and in vitro studies of changes in the skin with murine models. 

(3) Studies evaluating the effect of Brassicaceae on the inflammatory process associated with 

edema and wound healing. 

2.4 Data Extraction and Synthesis from In Vivo and In Vitro Studies 

The essential data from each study were extracted through structured tables according to 

the following descriptive levels: (i) Publication characteristics (authors, years, and countries); 

(ii) Characteristics of the experimental model (species, sex, age, weight); (iii) Characteristics 

of the target organ: normal skin or skin with changes (wound healing; contact dermatitis; 

edema); (iv) Information about Brassica treatment (species of plant used, dose, frequency of 

administration, pharmaceutical form, and treatment in the control group); (v) Primary 
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outcomes (skin change, cellular analysis, vascularization, extracellular matrix analysis, 

molecular analysis (cytokine and growth factor analyses), epithelialization rate and/or wound 

closure); (vi) Secondary outcomes (oxidative stress analyses, wound tensile strength, 

epidermis thickness). 

The characteristics described in the descriptive levels (i), (iv), (v), and (vi) were also 

extracted and analyzed from in vitro studies. Other characteristics were also evaluated for the 

in vitro studies, such as cell type, cell lineage, culture medium, and incubation/treatment time. 

2.5 Risk of Bias Assessment from In Vivo Studies 

The risk of bias was analyzed using the Systematic Review Centre for Laboratory animal 

Experimentation (SYRCLE) tool. This instrument is based on the Cochrane Collaboration’s 

tool for assessing the risk of bias in randomized trials and is adjusted for aspects of bias that 

play a specific role in animal intervention studies. To increase transparency and applicability, 

standardized signaling questions were applied as a way to guide the judgment of researchers, 

based on the following domains: (i) sequence generation, (ii) allocation concealment, (iii) 

blinding of participants and personnel, (iv) blinding of outcome assessment, (v) incomplete 

outcome data, (vi) selective reporting, (vii) animal information, (viii) intervention, (ix) ethical 

approval, (x) tool validated, (xi) statistical methods, (xii) applicability and (xiii) other bias. 

The items in the RoB tool were scored with “low risk of bias”; “high risk of bias”; or 

“unclear” (indicating that the item was not reported, and, therefore, the risk of bias was 

unknown). Adherence to individual quality criteria obtained in the SYRCLE system was 

expressed graphically using the Review Manager 5.3 program (The Nordic Cochrane Centre, 

Copenhagen, Denmark, The Cochrane Collaboration). Other characteristics were also 

evaluated for the in vitro studies, such as cell type, cell lineage, culture medium, and 

incubation/treatment time. 

3. Results 

3.1 PRISMA Guideline 

From the PubMed/MEDLINE, Scopus, and Web of Science databases, 551 articles were 

recovered. A total of 83 studies were duplicated, and 424 with inadequate thematic were 

excluded after reading the title and abstract. Of the 44 remaining studies, 32 articles were 

excluded after reading the full text for not meeting the eligibility criteria. Therefore, 12 

studies were included in the systematic review. The reference list of all included studies was 

analyzed to ensure the identification of additional relevant studies, and four of them were 
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recovered, totaling 16 studies, with 11 articles from in vivo studies, four articles from in vitro 

studies, and two from both. The flowchart and each step performed in the selection process to 

retrieve relevant studies are shown in Figure 1. 

3.2 Characteristics of Publication 

Among the studies included in this review, 62.5% of the studies evaluated the effect of 

Brassica in animal models (n = 10), 25% in vitro (n = 4), and 12.5% used both (n = 2). 

Regarding the locality of the studies in this review, Brazil was the predominant country with 

33.33% of the studies on Brassicaceae (n = 4), followed by India, Ethiopia, Peru, Taiwan, 

Korea, Spain, and the United States of America (USA), which had the same proportion of 

studies (8.33%; n = 1). Only one study did not report this information (8.33%; n = 1). The 

species and origin (where they were obtained) of Brassicas were reported in 62.5% of the 

studies (n = 10), in 25% of the studies only the species (n = 4), in 6.25% of the studies only 

the place of acquisition of the plant (n = 1), and one study reported neither the species nor 

origin (6.25%; n = 1). Figure 2 presents the Brassicas acquisition sites and the proportion of in 

vivo and in vitro studies included in this review, as well as the species studied. 
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Figure 2. The places of acquisition of the Brassicas used in the studies are represented in Figure 2, as well as the types of studies (in vitro and/or 
in vivo) developed and the Brassicaceae species studied. The place of acquisition was reported in 31.25% of the studies reviewed, and the 
remaining studies did not report this information; 12% of the studies did not report the species studied. 



25 

 

 

3.3 In Vivo Model 

3.3.1 Characteristics of the Animal Model 

The most used animal models were rats (58.33%; n = 7), followed by mice (41.67 n = 5). 

Among the rats, the predominant strain was Wistar in 50% of the studies. Among the mice, 

the predominant strain was Swiss (25%; n = 3), followed by Balb/C (8.33%; n = 1) and ICR 

(8.33%; n = 1). One study reported only the rat model but did not report the strain studied. 

Most of studies used only males (58.33%; n = 7), 16.67% used only females (n = 2), 16.67% 

used both (n = 2), and 8.33% of the studies did not report this information (n = 1). The age of 

the animals ranged from 6 to 10 weeks (50%; n = 6), and this information was not reported in 

50% of the studies (n = 6). Animal weight ranged from 20 to 250 g in 66.67% of the studies 

(n = 8), and from 280 to 319 g in 25% (n = 3), and this information was not reported in two 

studies (16.67%; n = 2) (Table S2) [14–25]. 

3.3.2 Characteristics of Treatments 

The topical route was more commonly used (50%; n = 8), followed by oral (18.75%; n = 

3) and intraperitoneal 6.25% (n = 1). The duration of the intervention varied between the 

healing studies and the edema/inflammation induction studies. In the studies evaluating the 

effects of Brassica on wound healing, the range was 3 to 9 days (40% of studies), or from 16 

to 20 days (60% of studies). For edema/inflammation, the range was 1 day (71.42% of 

studies) and 3 days in two studies (28.57%). Among the Brassicaceae species studied in in 

vivo studies, we found Brassica oleracea in 25% of the studies (n = 3), Coronopus didymus, 

Isatis indigotica, Lepidium meyenii, Lepidium sativum L., Brassica carinata and Isatis 

tinctoria in 8.33% of the studies each (n = 1). All of the studies used a control group, most of 

them using saline solution (41.67%; n = 5), and others (58.33%; n = 7). 

The best results for the wound healing process (45.45%; n = 5), were obtained in the 10% 

dosage on day 16 (n = 4) after continuous Brassicaceae exposure. Excisional wounds were 

used in 80% of the studies, and one study performed both incisional and excisional wounds. 

Among excisional wounds, those of size 12 mm in diameter (40%) were more commonly 

described by the studies (Table S6). The best results were found for the extracellular matrix, 

especially with an increase in collagen fiber synthesis and cell quantity, especially fibroblasts. 

Indicating that Brassica exposure was important to promote the repair process and restore 

tissue homeostasis. 
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Regarding the articles that analyzed the effect of Brassicas on edema, five studies induced 

edema in the paws of animals with carrageenan (71.42%), and one study performed only the 

ear edema induction test with 12-O-tetradecanoylphorbol-13-acetate (TPA). Of these, in 

addition to the induction of edema using carrageenan, they also analyzed the effects of 

Brassica with other tests, such as formalin (n = 1), TPA (n = 1) and with other irritating agents 

such as croton oil, arachidonic acid, capsaicin, and indomethacin, which were all tested in a 

single study (Table S6). In consideration of the induction of edema by the carrageenan test, 

there were large variations in the doses and time durations of Brassica exposure (125 to 1500 

mg/kg and 1 h to 48 h). Additionally, the best results were observed after exposure to high 

doses in a short period (1 h), unlike low doses that needed a longer period of exposure (equal 

to or greater than 3 h) to show the same effect. Similarly, to all studies, at the 3 h time point 

(100%; n = 6) Brassica acted positively, regardless of the large dose variation, inhibiting the 

development of edema in the animals’ paws. As for the study that induced edema by TPA, the 

dose used in the intervention was 5 mg/kg (extremely low dose); it also needed a longer 

exposure time to show the result of edema reduction (Tables S4 and S5). 

3.3.3 Main Outcomes 

In the healing studies, we observed that Brassica increased wound strength due to 

increased collagen type I fibers (50%; n = 3) and the formation of granulation tissue rich in 

new blood vessels. In addition, there was an improvement in the nutrition of new tissue (50%; 

n = 3), providing an increase in re-epithelialization in a short period (33.33%; n = 2) and 

increasing the number of inflammatory cells in the acute phase (e.g., macrophages) (50%; n = 

3). Most of the papers included in this review justified these effects with the antioxidant 

(33.33%; n = 2) and anti-inflammatory (n = 7) capacity of the Brassicaceae. Among the 

antioxidant effects were reduction of free radicals and ROS and the decrease in the activity of 

antioxidant enzymes. Like anti-inflammatory potential, we can highlight macrophage 

activation inhibition and downregulation of inflammatory mediators such as nitric oxide, 

prostaglandin 2 (PGE2), and inflammatory cytokines (TNF-α and IL-6) (50%; n = 3). 

Brassicaceae exposure also inhibited the cyclooxygenase 2 (COX2) pathway (67%; n = 1) and 

the phosphorylation of Iκβα, preventing the translocation of NFκβ (33.33%; n = 2) to the 

nucleus and consequently preventing the gene expression of inflammatory mediators. 

Possibly the Brassicaceae exposure positively interferes in many other inflammatory and 

proliferative pathways; however, the number of papers that described this was small, and 
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sometimes the results were fragmented. These findings demonstrated the importance of 

focusing studies in this area. 

 

3.3.4 Reporting Bias In Vivo Studies 

The detailed results for the analysis of bias using SYRCLE’s tool are shown in Figures 3 

and 4. Five items were fully described in all studies (100%): namely, incomplete outcome 

data, selective reporting, theoretical background, statistical methods, and applicability. All of 

the previous items were evaluated with a low risk of bias (100%; n = 12). Referring to the 

sequence of assessed items described in Figures 3 and 4, the following items were 

predominantly assessed with a low risk of bias: characteristics of the intervention (66.66%; n 

= 8), ethical approval on the use of experimental animals (66.66%; n = 8) and other bias 

(presentation of images, tables, and graphs) (50%; n = 6), in addition to the items already 

described above. Four items were evaluated as “unclear”, i.e., with incomplete information 

since the data were presented in the study, but in a way that was unsatisfactory for an 

understanding, such as random sequence generation (50%; n = 6), allocation concealment 

(8.33%; n = 1), ethical approval (16.67%; n = 2), and other bias (presentation of images, 

tables, and graphs) (41.66; n = 5). Finally, the items that were predominantly assessed with a 

high risk of bias included allocation concealment (83.33%; n = 10), blinding of participants 

and personnel (100%; n = 12), blinding of outcome assessment (100%; n = 12), and animal 

characteristics (83.33%; n = 10). However, some items were needed to improve the reports by 

reporting more accurate information and presenting images, tables, and graphs that facilitate 

the reader’s understanding of the discussed topic. The methodological quality of the studies 

included in this review was predominantly classified as low risk, indicating that most of the 

features needed for biased study evaluation were sufficiently reported. Few studies were 

evaluated with incomplete information. Incomplete characterization of animal models, 

acquisition of the species studied, treatment protocols, and especially phytochemical 

characterization of the plant contributed to the increased risk of bias. In addition, most studies 

did not report on the randomization of animals or on the blinding of animals and caregivers, 

which ended up generating bias in the results. 
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Figure 3. Results for the risk of bias and methodological quality indicators for all in vivo 
studies included in this systematic review that evaluated the effects of the Brassicaceae family 
on skin changes. The items in the Systematic Review Centre for Laboratory animal 
Experimentation (SYRCLE) Risk of Bias assessment were scored with “yes”, indicating low 
risk of bias (green), “no”, indicating high risk of bias (red), or “unclear”, indicating that the 
item was not reported, resulting in an unknown risk of bias (yellow). 
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Figure 4. Risk of bias summary: review authors’ judgments about the risk of bias items for 
each included study. Green: low risk of bias; yellow: unclear risk of bias; and red: high risk of 
bias. References of the articles in the figure: [14–25]. 

3.4 In vitro Models 

3.4.1 Characteristics of the Culture Cells 

Most in vitro studies investigated the effects of Brassicaceae on human keratinocytes 

(50%; n = 3), especially the HaCaT lineage (66.67%; n = 4). Monocytes/macrophages and 

fibroblasts were also used (33.33%; n = 2, and 16.67%; n = 1, respectively). Most cells were 

cultured in DMEM (83.33%; n = 5) or EPI-500 (16.67%; n = 1) medium. The main 

characteristics related to in vitro studies are described in detail in Table S3 [16,25–29]. 

3.4.2 Characteristics of Treatments 

Four studies (26.67%) investigated the effects of Brassicaceae from in vitro models, and 

two studies investigated in vivo and in vitro models (13.33%). The duration of the in vitro 

study interventions varied (from 24 to 72 h) depending on the test and analysis performed. 

The species more studied were Eruca sativa in 50% (n = 2) and Lepidium sativum in 25% (n 

= 1), and one of the studies used the compound sinigrin found in Brassicas. Some of the 

studies that were performed in vivo and in vitro used the species Lepidium apetalum and 
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Radix isatidis. Most of the studies that performed cell stimulation used lipopolysaccharide 

(LPS) (50%; n = 3), which is an integral component of the outer membrane of Gram-negative 

bacteria. The ranges of doses administered were 1 µM to 5 µM (16.67%; n = 1) and 0 µg/mL 

to 500 µg/mL (83.33%; n = 5). The characteristics and treatment protocols related to 

Brassicaceae are described in Table S5. 

3.4.3 Main Outcomes 

In general, the results obtained from in vitro studies indicated that Brassica could control 

positively pro-inflammatory markers such as TNF-α (66.67%), IL-1β (50%), COX2 

(33.33%), IL-6 (33.33%), and nitric oxide synthase (33.33%; n = 2), promoting a reduction in 

mRNA transcription and controlling the first step of skin repair. Two other studies evaluated 

the proliferation and viability of RAW 264.7 macrophage cells (33.33%), and one study 

performed the in vitro experiments with fibroblasts (16.67%); both did not stimulate the cell 

migration. Brassicaceae exposure promoted a decrease in LPS-induced phosphorylation of 

ERK in a dose-dependent manner, while it did not affect the phosphorylation of p38 or JNK 

(16.67%; n = 1). Furthermore, the treatment significantly reduced the recruitment of myeloid 

differentiation factor 88 (MyD88), preventing the phosphorylation of Iκβα (33.33%; n = 2) 

and consequently the translocation of NFκβ to the nucleus, decreasing the gene expression of 

pro-inflammatory mediators. On the other hand, Brassicas also influenced the gene expression 

of anti-inflammatory growth factors, up-regulating the gene expressions that are important to 

resolve the inflammatory process. Such as vascular endothelial growth factor (VEGF) 

(33.33%; n = 2) and transforming growth factor-beta (TGF-β) (16.67%; n = 1), which play a 

role in the production of new blood vessels and the control of proliferation, respectively—

events that have been described previously (Figure 5). 
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Figure 5. A summary of the results of the studies included in this systematic review on Brassicaceae applied in the treatment of skin alterations. 
In vivo and in vitro results are shown merged in the representation. 
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3.5 Secondary Metabolites Found in Brassicas 

Our results show us that although Brassicas belong to the same family, these species show 

great diversity in terms of their metabolites composition, both quantitatively and qualitatively. 

Studies of secondary metabolites have developed rapidly in recent decades, due to their 

extensive biological activities in medicine, being an important source of pharmacologically 

active substances. In addition, they are known to play an important role in the adaptation of 

plants to their environments (abiotic and biotic stresses) and present nutritional value for 

human health. An analysis of the articles in this review showed that the positive effect of 

cruciferous vegetables on the inflammatory process during wound healing and edema 

development may be associated with the presence of health-promoting phytochemicals, such 

as polyphenols (68.75%; n = 11), terpenes/carotenoids (31.25%; n = 5), and glucosinolates 

(25%; n = 4). Some studies analyzed the effects of Brassica, but did not perform a 

phytochemical characterization and did not report on the metabolites present in the chosen 

species (31.25%; n = 5). Figure 6 shows in detail the chemical structures of the compounds 

commonly found in Brassicaceae. 

 

Figure 6. Secondary metabolites commonly found in the Brassicaceae family: phenolics, 
terpenes, and nitrogenated. 

4. Discussion 

4.1 General Characteristics 

Our findings indicated that the effects of these plants on the skin inflammatory process 

have been investigated since 1994 in different countries. Most studies were predominantly 

conducted in Brazil, followed by India, Ethiopia, Peru, Taiwan, Korea, Spain, and the USA. 

Many classes of active compounds have been isolated from Brazilian medicinal plants [30]. 
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Brazil has the highest total biodiversity in the world and is traditionally known for the use of 

medicinal plants for the treatment of different acute and chronic diseases [31]. Therefore, it is 

easy to understand the focus on Brazil when thinking about the development of new 

compounds obtained from Brassicaceae. In Brazil, there is an important government 

organization, National Health Surveillance Agency (ANVISA), that controls studies with 

natural compounds. Understanding the action of the compound, its properties, and its safety 

for use by the population is of utmost importance to researchers for future formulations of 

natural bioactives. In most studies, Brassicaceae species originated from Korea and Germany, 

later in China, Peru, Ethiopia, India, Turkey, the USA, and Italy. Most of the plants chosen by 

the studies are traditionally used by the people, which may have been the predominant factor 

that attracted the researchers’ attention. Brassicaceae are considered important food crops in 

China, Japan, India, and European countries [32,33]. 

4.2 Characteristics of In Vivo Studies 

Murine excisional wound models were the primary animal model used in the studies 

included in this systematic review about the effects of Brassicaceae on skin edema and 

wounds (rats and mice, respectively). This is probably because rats and mice have long been 

the preference for animal models in research in various areas, due to their anatomical, 

physiological, and especially genetic similarities with humans [34]. Another important factor 

is that the greater the uniformity of the animals concerning experimental, environmental, and 

genetic variables, the smaller the sample size of animals needed to develop the research [35]. 

These animal models afford low acquisition costs easy handling and can be used in large 

quantities in experiments, providing a higher degree of reliability in the results. Moreover, 

these models allow macroscopic, biochemical, and biomechanical measurements and the 

monitoring of the different phases of the wound healing process, especially the inflammatory 

and proliferative phases [36]. Male animals were predominantly used to the detriment of 

females. Possibly, this choice is due to different behaviors associated with the hormonal 

cycles of females, which can compromise the results of experiments. In addition, females are 

more sensitive to acute oral toxicity, as well as dermal toxicity, than males [14]. The age 

groups of the animals were similar, which is an important feature for studies evaluating 

wound healing and even intrinsically in studies of the inflammatory process, since aging rats 

influence the formation of new vessels, wound closure, re-epithelialization, and the resolution 

of the inflammatory process [34], due to the activity of enzymes that break down with aging 

[37]. Excisional wounds were predominant, although the number and size of wounds were 
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variable. Possibly, the excisional wound model was chosen due to the wound closure time and 

to permit the best understanding of all phases of tissue repair, with a focus on the 

inflammatory, proliferative, and remodeling phases [38]. Besides this, the number of wounds 

is important information that implies the therapeutic outcome and can compromise the quality 

of evidence. The number of wounds produced on the animals was very heterogeneous, with 

two, three, or five wounds on each animal. Ideally, only one wound per animal should be 

produced to avoid the stress and reduce bias in the results, and consequently to reduce 

cytokines and growth factors that can act negatively on wound repair [39,40]. 

The use of skin irritants has been more common to promote tissue inflammation and 

edema. Mouse paw edema has been increasingly used to test new anti-inflammatory drugs, as 

well as to understand the mechanisms involved in inflammation [41]. Carrageenan induced 

edema is a widely used test to establish anti-inflammatory activity and is a routine simple 

animal model for assessing pain at the site of inflammation [42,43]. TPA is an active 

constituent of croton oil that induces topical inflammation and a hyperproliferative response 

in animals in a manner like many skin diseases and in the development of edema [44]. It is 

often used to activate the signal transduction enzyme, protein kinase C (PKC), which is 

involved in the regulation of epidermal keratinocyte growth and differentiation [45]. Studies 

have revealed that seeds of Sinapis alba L. or Brassica juncea (L.) Czern. et Coss. are 

effective anti-inflammatory agents against acute and chronic inflammatory processes, an 

effect possibly mediated by suppressing mRNA expression of inflammatory mediators 

including TNF-α, IL-6, and IL-1β [46]. 

The most used route of administration was topical, followed by oral and intraperitoneal. 

These findings can be justified in the edema studies by the great local effect that is promoted 

by topical administration directly to the site of inflammation, permitting direct contact with 

the compounds responsible for anti-inflammatory activity [47]. Aspects of dosimetry depend 

on the biological effect and other factors of each molecule. Thus, although medicinal effects 

are influenced by dose and treatment time, generalizations cannot be made for molecules with 

different biological properties [39]. 

In general, the animals that received Brassica at 10% doses showed an increase in the rate 

of wound contraction, an increase in collagen fibers, and an increase in cellularity, leading to 

faster wound healing. In the edema studies, extracts of Brassica at doses of 125 mg/kg to 1500 

mg/kg inhibited the development of edema in murine models, thus acting as an optimal anti-

inflammatory. Ref. [48], studying the effect of some flavonoids in experimental models of 
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inflammation in rats, demonstrated significant inhibition of joint edema induced by 

carrageenan with a prior intraperitoneal injection of quercetin at doses of 50 mg/Kg and 75 

mg/Kg, respectively. Interestingly, most of the studies in this review reported dose-dependent 

results, varying according to the Brassicaceae species studied. 

The studies on this theme were strong; however, it is evident that some studies were weak 

due to a lack of information that may have generated difficulty in reproducibility and 

understanding by other researchers. The risk of bias revealed specific limitations in the 

research reports, associated with underreporting of information, such as random sequence 

generation, random evaluation of results, and blinding of participants. Objectively, the 

limitations cited above do not indicate that the researchers did not evaluate these parameters, 

but it is strong evidence that this information was not included in the research reports. 

Therefore, considering these limitations, we hope that this systematic review, while admitting 

its intrinsic qualitative nature in describing important points of bias, will contribute to future 

studies by reporting elements of bias. 

4.3 Characteristics of In Vitro Studies 

The most used cells were keratinocytes, followed by fibroblasts. HaCaT cells are a lineage 

that is widely used in scientific research to study epidermal homeostasis and its 

pathophysiology, as well as to evaluate the molecular, biochemical, cellular, and 

histochemical behavior of normal and pathological tissues [49]. Recent studies in wound 

biology have clarified the molecular pathways governing the re-epithelialization of 

keratinocytes at wound sites, where culturing keratinocytes has enabled several studies on the 

healing and inflammatory process. [50]. Fibroblast cells are also widely used since they serve 

to analyze biochemical behavior and the action of growth factors on lesion areas [51,52]. To 

maintain the structure and proper function of the skin, keratinocytes and fibroblasts act 

synergistically with defense cells, regulating the cutaneous immune response to biological, 

physical, and chemical agents. Keratinocytes form the skin barrier through a highly complex 

differentiation process, and fibroblasts provide physiologically relevant cytokines and growth 

factors [53]. All of these positive points, together with the fact that these cells are easy to 

grow in vitro and are intrinsically related to skin disorders, make the culture of these cells an 

important tool to understand the effect of Brassicas on specific skin lesions. 

4.4 Phytochemical Composition of Brassicaceae and Their Anti-Inflammatory, Antioxi-

dant, and Healing Actions 
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Inflammation is a protective response of the body characterized by a series of reactions, 

including vasodilation and recruitment of immune cells and proteins to the injured site, which 

act by removing injurious stimuli and initiating the healing process [54]. Normally, 

inflammation is beneficial and efficient, but its persistence can cause excessive tissue damage, 

contributing to the development of inflammatory disease [55]. After tissue injury, receptors 

are activated, such as toll-like receptors (TLR), which recognize specific molecules and 

recruit proteins that activate different transcription factors, the most activated in this process 

being NFκβ [44]. Activation of NFκβ is accomplished by inducible degradation of Iκβα 

triggered through its phosphorylation by the Iκβ kinase (IKK) complex [56]. Upon activation, 

IKK phosphorylates Iκβα, triggering the degradation of Iκβα in the proteasome, resulting in 

the translocation of NFκβ to the nucleus [55]. When NFκβ is in the nucleus, it initiates the 

transcription of various inflammatory mediators and pro-inflammatory cytokines, such as 

TNF-α, IL-1, and IL-6, which can be overproduced. Anti-inflammatory properties of 

Brassicaceae have been attributed to an inhibitory effect on inflammatory cell infiltration [57], 

delay of pro-inflammatory gene expression, and reduction in the biosynthesis of cytokines 

such as TNF, IL-1, IL-6 [58]. This in vivo effect was comparable to that of the nonsteroidal 

anti-inflammatory aspirin, which has the property of antiplatelet aggregation. Among the 

secondary metabolites found in Brassicas that can be associated with these therapeutic effects 

are phenolic compounds, especially flavonoids, with quercetin and kaempferol being the 

predominant flavonoids in kale [59]. Flavonoids are aromatic substances containing 15 carbon 

atoms (C15) in their basic skeleton. This large number of compounds arises from the wide 

variety of combinations of methyl and hydroxyl groups as substituents in the basic chemical 

structure. Among the flavonoids, anthocyanins stand out, which are glycosides that present in 

their chemical structure a sugar residue at carbon 3 [60]. The flavonoids present in 

Brassicaceae (such as quercetin and catechins) act by modulating the cells involved in 

inflammation, inhibiting the production of TNF-α and IL-1, modulating the activity of 

enzymes such as COX2, and modulating the nitric oxide-forming enzyme [61,62]. Their main 

mechanism of action is the inhibition of COX, which converts arachidonic acid into 

prostaglandins [63]. Another important class of phenolic compounds found in Brassicas are 

tannins, and their mechanisms of action are related to three properties: complexation with 

metal ions (such as iron, copper, and calcium), antioxidant and free radical scavenger activity, 

and the ability to compete with macromolecules, such as proteins and polysaccharides 

[64,65]. In the human organism, they act as an antioxidant, antiseptic, cicatrizing agent, and 



37 

 

 

 

vasoconstrictor [60]. Tannins serve as the basis for many structures with diverse functions in 

specialized and primary metabolism, ranging from rather small, volatile molecules (e.g., 

mono- and sesquiterpenes) to hormones (such as brassinosteroids and abscisic acid) and 

structural cellular components such as carotenoid pigments [66,67]. The group of nitrogen 

compounds includes the alkaloids, cyanogenic glycosides, and non-protein amino acids. 

Alkaloids are the main nitrogen compounds in plant species and are formed of different 

structures and composed of amino acids such as tyrosine, phenylalanine, 

tryptophan/tryptamine, ornithine/arginine, and histidine [68]. Included in the nitrogen 

compounds are also glucosinolates (GSLs), which are broken down and release hydrocyanic 

acid (HCN) when the plant suffers some kind of injury [69,70]. The anticarcinogenic effects 

of GSLs are the most commonly mentioned, but recent studies have found other beneficial 

activities of GSLs, including regulatory functions in the inflammatory response and 

antioxidant activities [71]. The biological activities of GSLs can be attributed to their 

hydrolytic products, of which isothiocyanates (ITCs) are prominent examples. ITCs may act 

as modulators of inflammation because they can reduce or inhibit the activity of the nuclear 

factor “kappa-light- chain-enhancer” activated β-cells (NFκβ) [72]. NFκβ regulates the 

expression of cyclooxygenase 2 (COX-2), which is responsible for elevated prostaglandin 

levels and a key inducer of inflammatory processes. Ref. [73] demonstrated that TNF-α 

secretion was inhibited at a concentration of 1 µM in the presence of GSLs. In addition, 

cytokines themselves can lead to ROS formation, which establishes a vicious circle between 

oxidative stress and the generation of pro-inflammatory cytokines [74,75]. Part of this effect 

comes from the modulation of the signaling pathway of transcription factors involved in the 

pro-inflammatory and anti-inflammatory pathways. Brassicas acted as a good antioxidant, 

decreasing levels of myeloperoxidase (MPO) activity and inhibiting the expression of 

enzymes involved in inflammation [76]. Studies have already reported the antioxidant effects 

of Brassicas [77]; for example, broccoli (Brassica oleracea) extracts protect against ROS, 

possibly due to the presence of vitamin C, quercetin, kaempferol, lutein, tocopherol, and β-

carotene [78–80]. The main carotenoids found in Brassicas are lutein, β-carotene, 

violaxanthin, and neoxanthin [81], but also the presence of 13-cis-β-carotene, α-carotene, 9-

cis-β-carotene, and lycopene, which are involved in the antioxidant effects of these species, 

has been reported [82]. Ref. [83] analyzed the secondary metabolites present in Brassicas, 

which demonstrated antioxidant activity, aiding in protection against free radicals and reactive 

oxygen species (ROS), and thus in the prevention of chronic diseases. As for its healing 
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action, Brassica demonstrated increased wound contraction and rapid re-epithelialization, 

which may be associated with the synergistic effects of its high polyphenol and flavonoid 

content. This finding is fortified by previous review studies on bioactive phytochemicals of 

the species Brassica var. B. nigra, B. juncea, B. oleracea, and B. rapa [14]. The registration 

number on the Prospero platform is CRD42021262953. 

5. Conclusions 

Overall, we have shown that the evidence on the healing and anti-inflammatory potential 

of Brassicaceae is based on valid and realistic pre-clinical models that share similar stages of 

tissue repair with those observed in humans and in in vitro assays. From studies using these 

models, we determined that Brassicaceae are potentially effective in accelerating skin wound 

healing and efficient in reducing edema by inhibiting the inflammatory process. Their 

beneficial effects are mainly associated with stimulation of wound contraction, re-

epithelialization, collagenogenesis, and inhibition of the expression of inflammatory genes. 

All of these therapeutic effects are attributed to flavonoids, tannins, terpene, carotenoids and 

glucosinolates. Low doses of Brassica are effective in closing wounds and reducing edema in 

murine animals. However, a longer time exposure is required when compared to high doses of 

this compound, which require low time exposure to show their effects. Brassicaceae acted 

mainly on the NFκβ pathway, modulating the expression of inflammatory mediators and 

cytokines. Since most inflammatory cytokines activate NFκβ, drugs that inhibit the activation 

pathways of this factor may have broad-spectrum anti-inflammatory effects, as Brassicaceae 

have shown, expanding new perspectives for the treatment of inflammatory diseases. 
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SUPPLEMENTARY MATERIAL 
TABLE S1. Detailed search strategy with search filters and the number of studies recovered in all electronic databases. 

Database Descriptors Items found Time Date 

Pubmed 

#1 ("brassicaceae"[MeSH Terms] OR brassicaceae[TIAB]) 74.725 16:34:00 12/04/2021 

#2 (“Skin”[MeSH terms] OR “Dermis”[MeSH terms] OR “Granulation Tissue”[MeSH terms] OR 
“Epidermis”[MeSH terms] OR “Keratinocytes”[MeSH terms] OR “Integumentary System”[MeSH 

terms] OR “Dermatology”[MeSH terms] OR “Dermoscopy”[MeSH terms] OR “Wounds and 
Injuries”[MeSH terms] OR “Fibrosis”[MeSH terms] OR “Skin injuries”[TIAB] OR “Skin 

fibrosis”[TIAB] OR “Skin scars”[TIAB] OR “Skin cicatriz”[TIAB] OR “Cicatrix”[MeSH terms]) 

1.364.344 16:35:00 12/04/2021 

#1 AND #2 231 16:43:00 12/04/2021 
Database Descriptors Items found Time Date 

Scopus 

#1 (TITLE-ABS-KEY("brassicaceae")) 10.092 12:44:00 12/04/2021 

#2 (TITLE-ABS-KEY(Skin) OR TITLE-ABS-KEY(Dermis) OR TITLE-ABS-KEY(“Granulation 
Tissue”) OR TITLE-ABS-KEY(Epidermis) OR TITLE-ABS-KEY(Keratinocyte*) OR TITLE-

ABS-KEY(Integumentary System) OR TITLE-ABS-KEY(Dermatology) OR TITLE-ABS-
KEY(Dermoscopy) OR TITLE-ABS-KEY(Skin wounds) OR TITLE-ABS-KEY(Skin injuries) OR 

TITLE-ABS-KEY(Skin fibrosis) OR (Skin cicatrix)) 

1.394.680 12:46:00 12/04/2021 

#1 AND #2 225 12:50:00 12/04/2021 
Database Descriptors Items found Time Date 

Web Of 
Science 

#1 TS=brassicaceae 7.342 13:11:00 12/04/2021 

#2 TS=Skin OR TS=Dermis OR TS=Granulation Tissue OR TS=Epidermis OR TS=Keratinocyte* 
OR TS=Integumentary System OR TS=Dermatology OR TS=Dermoscopy OR TS=Skin wounds 

OR TS=Skin injuries OR TS=Skin fibrosis OR TS=Skin cicatrix 
737.406 13:13:00 12/04/2021 

 #1 AND #2 95 13:20:00 12/04/2021 
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TABLE S2. Characteristics of the experimental models used in all in vivo studies included in this systematic review. 

?, not reported. 
 
 
 
 
 
 
 
 
 
 
 
 

Studies In vivo 

Reference Country Animal model Strain Sex Age Weight 

Alemu et al., 2020 Etiopia Mice Swiss Either sex 6-8 weeks 25-30g 

Al-Yahya et al., 1994 ? Rat ? Either sex 8-10 weeks 180-200g 

Dey, 2005 United States of America Rat Wistar Male ? 100–200 g 

Gonçalves et al., 2013 Brazil Rat Wistar Male ? 319g 

Ho & Chang, 2002 Taiwan Rat Wistar Male ? 150–180 g 

Leite et al., 2011 Brazil Mice Swiss Male ? 20-25g 

Nuñez et al., 2017 Peru Mice Balb/c Male 9 weeks ? 

Prabhakar et al., 2002 India Rat Wistar Male ? 150–250 g 

Rebolla et al., 2013 Brazil Rat Wistar ? 8-9 weeks 280 g 

Recio et al., 2005 Spain Mice Swiss Female ? 25–30 g 

Sarandy et al., 2015 Brazil Rat Wistar Male 8-9 weeks 302g 

Shin et al., 2010 Korea Mice ICR Female 6 weeks ? 
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TABLE S3. Characteristics of all in vitro studies included in this systematic review. 
Studies In vitro 

Reference Country/Source Cells Type Cells Lineage 
Culture 
medium 

Incubation 
time 

Cell 
estimulation 

Dey, 2005 ATCC Monocyte/macrophage RAW 264.7 DMEM 24h; 72h - 

Kim et al., 2014 
United States of 

America 
Human keratinocytes; 

Human fibroblasts 
HaCaT/ fibroblasts EPI-500 24h LPS 

Mazumder et al., 
2015 

South Africa Human keratinocytes HaCaT DMEM 24h - 

Shin et al., 2010 Korea Murine macrophages RAW 264.7 DMEM 72h LPS 
Turkoglu et al., 

2018 
United States of 

America 
Human keratinocytes HaCaT DMEM 72h - 

Yehuda et al., 2009 
United States of 

America 
Human keratinocytes HaCaT DMEM ? LPS 

?, not reported. Not, Cells were not stimulated. DMEM, Dulbecco’s Modified Eagle’s medium. LPS, lipopolysaccharide. 
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TABLE S4. Characteristics of treatments administered in all in vivo studies that were identified in this systematic review. 
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TABLE S4 (continuation). Characteristics of treatments administered in all in vivo studies that were identified in this systematic review. 

 
 
 
 
 

 
TABLE S5. Characteristics of treatments administered in all in vitro studies that were identified in this systematic review. 

References 
Plant specie Source 

Dose 
Period of 

incubation 

Dey, 2005 Lepidium apetalum 
United States of 

America 
50 μg/mL 9 and 21h 

Kim et al., 2014 Eruca sativa Korea 20 μg/mL and 100 μg/mL 24h 
Mazumder et al., 2015 ? Germany 70 μg/mL and 140μg/mL 24h 

Shin et al., 2010 Radix Isatidis Korea 0-500μg/mL 24h; 72h. 

Turkoglu et al., 2018 Lepidium sativum L. Turkey 
1:1, 1:10, 3:100, 1:100, 

and 1:1000 
72h 

Yehuda et al., 2009 Eruca sativa Italy 1 μg/mL 72h 
?, not reported. 
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TABLE S6. Characteristics of skin changes from in vivo studies identified in the systematic review. 
Type of change: Wound healing 

Reference Lesion 
Size area of 

wound 
Number of 

wounds Region Anesthetic Instrument 

Rebolla et al., 2013 Excisional 30mm ? Dorsal 
 Ketamine and 

xylazine 
Surgical 
scalpel 

Alemu et al., 2020 
Incisional and 

excisional 
30mm and 300mm² ? Dorsal 

Ketamine and 
diazepam 

Forceps and 
surgical blades 

Sarandy et al., 2015 Excisional 12 mm 3 Dorsal 
Ketamine and 

xylazine 
Surgical 
scalpel 

Nuñez et al., 2017 Excisional 10mm 2 Dorsal 
Sodium 

pentobarbital 
? 

Gonçalves et al., 2013 
Excisional 12 mm 5 Dorsal 

 Ketamine and 
xylazine 

Surgical 
scalpel 

?, not reported. 
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TABLE S6 (continuation). Characteristics of skin changes from in vivo studies identified in the systematic review. 
Type of change: Edema/Inflammatory 

Reference (animal 
model) 

Edema/Inflammation 
Induction Region 

Time of treatment 
exposure Edema measurement 

Al-Yahya et al., 1994 Carrageenan-induced Right hind paw 
1h before the 
carrageenan 

0, 2 and 3 h 

Dey, 2005 Carrageenan-induced Right hind paw 1h after the carrageenan 3, 5, 24 and 48h 

Ho & Chang, 2002 Carrageenan-induced Right hind paw 
30min before the 

carrageenan 
Single day of 30-min intervals up 

to five times 

Leite et al., 2011 
Croton oil; Arachidonic 

acid; Capsaicin; 
Indomethacin 

Ear 
6h after the application of 

each irritant agent 
30min; 1h; 6h 

Prabhakar et al., 2002 Carrageenan-induced Right hind paw 
1h before the 
carrageenan 

0, 1, 2 and 3 h 

Recio et al., 2005 Carrageenan-induced Right hind paw 
1h before the 
carrageenan 

1, 3 and 5 h 

Shin et al., 2010 Multiple application of TPA Ear 1h after TPA Every 24 h for 3 days 
TPA: 12-O-tetradecanoylphorbol-13-acetate. 
 


