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RESUMO GERAL 

 

A sericicultura é a atividade voltada a criação do Bombyx mori, conhecido 

popularmente como bicho-da-seda, cujo objetivo final é a obtenção do casulo, 

processado pela indústria têxtil. Segundo a Câmara Técnica de Seda do Paraná, o 

estado é o maior produtor nacional e responsável pela confecção da melhor seda do 

mundo. Principalmente nos últimos anos, pesquisadores têm investigado 

características físicas e biológicas das proteínas encontradas no fio de seda: fibroína, 

que dá origem a seda crua, e sericina. Considerando a importância da sericicultura no 

Paraná, bem como o intuito de apresentar aplicações da sericina, considerada produto 

de descarte pela indústria, se justifica a realização de um artigo científico de revisão 

sobre a temática das propriedades e aplicações biomédicas da sericina de B. mori. 

Neste estudo, confirmamos que a sericina é produto de splicing alternativo de três 

genes, Ser1, Ser2 e Ser3, é secretada pela glândula da seda média, se organiza em 

três camadas em torno de dois filamentos de fibroína, de modo que cada camada 

apresenta características de composição aminoacídica, peso molecular e solubilidade 

diferentes. Estruturalmente, a sericina é uma proteína globular composta por 

estruturas em hélice aleatória e folha-β, domínios que se alteram de acordo com forças 

mecânicas e variações de temperatura, transitando entre a forma sólido-gel. É 

composta por 18 aminoácidos, muitos dos quais contém grupamentos altamente 

polares que lhe conferem a característica hidrofílica. Diferentes técnicas de extração 

de sericina são descritas, sendo as principais baseadas no uso de solução de ureia, 

extração alcalina ou ácida e uso de alta temperatura, associada ou não à alta pressão 

em autoclave. A diversidade de metodologias para a obtenção da proteína, associada 

à sua heterogeneidade gênica e molecular, variando de 20 a 400 kDa, permite sua 

classificação quanto a solubilidade, em sericina A, B ou C, ou local de síntese na 

glândula da seda, em sericina A, M ou P. Além das características próprias, a 

organização estrutural da sericina permite ligações cruzadas, copolimerizações e 

combinações com outras proteínas, ampliando as aplicabilidades da molécula. Por 

apresentar baixa imunogenicidade, a sericina pode ser considerada um biomaterial 

compatível, apresentando resultados promissores em espécies animais e até mesmo 

em estudos clínicos. Seu papel antioxidante pode ser atribuído aos pigmentos de 

flavonoides e carotenoides frequentemente encontrados entre as camadas de 

sericina, e a tornam um ingrediente natural e seguro para alimentos e a indústria de 



cosméticos, onde se destaca como substância hidratante. Essa característica 

associada ao fato de ser imunologicamente inerte torna a sericina um potencial 

cicatrizante, principalmente de queimaduras e feridas relacionadas ao diabetes 

mellitus. Ainda nesta vertente, a proteína se mostrou eficiente na composição de 

hidrogéis, filmes e matrizes utilizados na engenharia de tecidos, estruturas que podem 

também ser utilizadas para a entrega de medicamentos ou outras substâncias. 

Estudos in vitro evidenciaram que a sericina pode ser usada como suplemento de 

meio de cultura e como agente crioprotetor, em variadas linhagens celulares; 

enquanto ensaios com animais demonstraram que a proteína pode ter potencial 

antitumoral. Metabolicamente provou ter ação prebiótica, por atenuar condições de 

constipação intestinal e aumentar a absorção de alguns íons disponibilizados na dieta. 

Moléculas de menor peso molecular apresentam ação hipotensiva e anticoagulante, 

além de melhorar a atividade de algumas células envolvidas na resposta imune 

específica. No metabolismo lipídico e glicêmico a sericina atua de modo benéfico 

quando administrada profilaticamente, reduzindo concentrações plasmáticas de 

lipoproteínas, colesterol, triglicerídeos e citocinas inflamatórias relacionadas à 

obesidade, diminui a resistência à insulina e aumenta a adiponectina sérica. Assim, 

as características físico-químicas da sericina a tornam um material biocompatível 

promissor para várias aplicações biomédicas. Devido à tendência de aumento na 

ocorrência da obesidade, um dos maiores problemas de saúde no mundo, e a 

dificuldade de controlar as comorbidades associadas, surge a necessidade de se 

encontrar recursos naturais com ações terapêuticas. Considerando o potencial efeito 

na prevenção da obesidade, realizamos um estudo experimental com o objetivo de 

analisar os efeitos da sericina de B. mori na reversão de parâmetros plasmáticos e 

morfologia tecidual de camundongos obesos por dieta hiperlipídica. Para tanto, foram 

utilizados camundongos machos da linhagem C57Bl6, com aproximadamente nove 

semanas de idade, distribuídos em dois grupos: Controle (CT) e Obeso (OB), que 

receberam ração padrão ou dieta hiperlipídica por 10 semanas, respectivamente. 

Após esse período, os animais foram alocados em quatro grupos com sete animais 

cada: Controle (CT); Controle + Sericina (CT-S); Obeso (OB); e Obeso + Sericina (OB-

S), que permaneceram recebendo as respectivas dietas por mais 4 semanas, período 

no qual os camundongos dos grupos CT-S e OB-S receberam sericina oralmente na 

dose de 1.000 mg/kg de peso corporal. Durante o período experimental foram 

monitorados parâmetros fisiológicos como o ganho de peso, consumo alimentar, peso 



das fezes e análise de lipídios fecais, motilidade intestinal e tolerância à glicose. A 

eutanásia foi realizada por exsanguinação e o plasma foi utilizado para a dosagem da 

glicemia, colesterol, triglicerídeos e transaminases hepáticas. Amostras de tecido 

adiposo branco, fígado e jejuno foram processadas para microscopia de luz e posterior 

análise morfológica. Fragmentos do fígado foram utilizados para a determinação de 

lipídios e quantificação de triglicerídeos e colesterol. Os camundongos alimentados 

com dieta hiperlipídica apresentaram maior ganho de peso e acúmulo de gordura, bem 

como aumento do colesterol total e glicemia, caracterizando a instalação da 

obesidade. Houve hipertrofia dos adipócitos retroperitoneais e periepididimais e 

presença de esteatose hepática, acompanhada do aumento de colesterol e 

triglicerídeos no fígado nos camundongos que ingeriram dieta hiperlipídica. Ainda, a 

obesidade promoveu diminuição no comprimento do intestino delgado bem como 

aumento na altura do vilo e redução na profundidade da cripta e na espessura da 

túnica muscular. O tratamento com sericina não causou nenhum efeito nos 

camundongos do grupo CT-S. Nos animais obesos tratados, a sericina não reverteu 

a obesidade mas aumentou a quantidade de gordura eliminada nas fezes e restaurou 

os parâmetros morfométricos do jejuno. Assim, verificamos que a sericina se 

apresenta como um tratamento potencial para a obesidade por promover a proteção 

de componentes da parede jejunal. 

 

Palavras-chave: Biomaterial; Sericina; Proteína da Seda; Obesidade; Fígado, Jejuno, 

Tratamento. 

 

 

 

 

 

 

 

 

 

 

 

 



GENERAL ABSTRACT 

 

Sericulture is the commercial silk farming of Bombyx mori, popularly known as 

silkworm, whose final objective is the obtaining of the cocoon, processed by the textile 

industry. In accordance with Câmara Técnica de Seda do Paraná (Silk Technical 

Chamber of Paraná), the State is the greater national producer and generates the best 

silk of the world. Principally in the last years, scientists have investigate the physical 

and biological characteristics of silk threads proteins: fibroin, converted in raw silk, and 

sericin. Considering the importance of sericulture in Paraná State, as well the objective 

to presents applications of sericin, discarded by the textile industry, justify the scientific 

review paper about the properties and biomedical applications of silkworm sericin. In 

this study, we confirm that the sericin is product of alternative splicing of three genes, 

Ser1, Ser2 and Ser3, is secreted in the middle silk gland and organized in three layers 

around two fibroin filaments, so that each layer presents different characteristics of 

amino acids composition, molecular weight and solubility. Structurally, the sericin is a 

globular protein composts by random coil and β-sheets, domains that alters in 

accordance with mechanical forces and temperature variations, transiting in sol-gel 

form. Is compost by 18 amino acids, many of these with strong polar groups that 

confers hydrophilic characteristic. Differential extraction methods of sericin are 

described, being the principals based in urea solution, extraction with acidic or alkali 

solutions and high-temperature associated or not with high-pressure in autoclave. The 

diversity in extraction methods, associated with your genic and molecular 

heterogeneity, 20 to 400 kDa, enable your classification regarding the solubility, in 

sericin A, B or C, or based in place of synthesis in middle silk gland, in sericin A, M or 

P. Besides the own characteristics, the structural organization of sericin enable 

crosslinking, copolymerizations and combinations with other polymers, extended your 

applicability. For your low immunogenicity, the sericin can be considerate a compatible 

biomaterial, presenting good results in animal species and clinical studies. Your 

antioxidant potential can be attributed to the flavonoids and carotenoids pigments, 

frequently found between the sericin layers, and suggests that the sericin is a natural 

and safe ingredient for food and cosmetic industry, where it stands out as a 

moisturizing substance. This characteristic associated with your low immunogenicity, 

makes the sericin a healing potential, principally of burns and diabetes mellitus´ 

wounds. Still, the protein permits the composition of hydrogels, films and matrices used 



in tissue engineering, structures that can be used for drug or other substances delivery. 

In vitro studies proved that the sericin can be used as supplement in culture medium 

and cryoprotectant agent, in many cell lines; while tests with animals demonstrated an 

antitumour effect. Metabolically, proved a prebiotic action, by reduction of intestinal 

constipation and by absorption’s increase of many ions available in the diet. Molecules 

of minor molecular weight presents hypotensive and anticoagulant action, and 

improves the activity of some cells involved in specific immune response. On lipid and 

glycemic metabolism the sericin acts beneficially when administrated preventively, 

reducing plasmatic concentrations of lipoproteins, cholesterol, triglycerides and 

inflammatory cytokines related with the obesity, reducing the insulin resistance and 

increasing the serum adiponectin. Therefore, the physicochemical properties of sericin 

turns a promising biocompatible material for various biomedical applications. Whereas 

the increase in obesity occurrence, one of the most health problems in the world, and 

the difficulty in to control the associated comorbidities, arises the necessity in found 

natural recourses with therapeutic potential. Considering the effect in obesity 

prevention, we realize an experimental study to analyse the effects of B. mori sericin 

on the reversion of plasmatic parameters and tissue morphology of obese mice by 

high-fat diet.  For this, were used male mice from C57Bl6 lineage, with approximately 

9 weeks age, distributed in two groups: Control (CT) and Obese (OB), that received 

standard control diet or high-fat diet for 10 weeks, respectively. In sequence, the 

animals were distributed in four groups with seven animals each: Control (CT); Control 

+ Sericin (CT-S); Obese (OB); and Obese + Sericin (OB-S), that remained receiving 

standard control diet or high-fat diet for more 4 weeks, period in which the mice of CT-

S and OB-S groups received sericin orally at a dose of 1000 mg/kg body weight. During 

the experimental period were monitored physiologic parameters, as weight gain, food 

consumption, faeces weight and analysis of faecal lipids, intestinal motility and glucose 

tolerance. The euthanasia was performed by exsanguination and the plasma used for 

determination of glycemia, cholesterol, triglycerides and hepatic transaminases. 

Samples of white adipose tissue, liver and jejunum were processed for light 

microscopy and morphologic analysis. Fragments of liver were used to lipid 

determination, and triglycerides and cholesterol quantification. The mice fed with high-

fat diet presents more weight gain and fat accumulation, as well increase of total 

cholesterol and glycemia, which proved the obesity development. There was 

hypertrophy in retroperitoneal and periepididimal adipocytes and development of 



hepatic steatosis, added to increase of hepatic cholesterol and triglycerides in mice 

that received high fat diet. The obesity promoted reduction in small intestine’ length, 

as well increase in vilo’s height and reduction in crypt depth and muscular layer 

thickness. The treatment with sericin don´t causes any effect in mice from CT-S group. 

In treated obese mice, sericin did not reverse the obesity, but increased the amount of 

lipid eliminated in faeces and restored the morphometric parameters of jejunum. 

Therefore, we observed that sericin presents a potential treatment for obesity by to 

promote the protection of jejunal wall components. 

 

Keywords: Biomaterial; Sericin; Silk Protein; Obesity; Liver, Jejunum; Treatment. 
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Silk sericin is a natural polymer produced by silkworm, Bombyx mori, which surrounds and keeps together two 

fibroin filaments in silk thread used in the cocoon. The recovery and reuse of sericin usually discarded by the 

textile industry not only minimizes environmental issues but also has a high scientific and commercial value. The 

physicochemical properties of the molecule are responsible for numerous applications in biomedicine and are 

influenced by the extraction method and silkworm lineage, which can lead to variations in molecular weight and 

amino acid concentration of sericin. The presence of highly hydrophobic amino acids and its antioxidant potential 

make it possible for sericin to be applied in the food and cosmetic industry. The moisturizing power allows 

indications as a therapeutic agent for wound healing, stimulating cell proliferation, protection against ultraviolet 

radiation, and formulating creams and shampoos. The antioxidant activity associated with low digestibility of 

sericin that expands the application in the medical field, such as antitumour, antimicrobial and anti-inflammatory 

agent, anticoagulant, acts in colon health, improving constipation and protects the body from obesity through 

improved plasma lipid profile. In addition, the properties of sericin allow its application as a culture medium and 

cryopreservation, in tissue engineering and for drug delivery, demonstrating its effective use, as an important 

biomaterial. 

 

1. Introduction 

 

Sericin is a protein produced by the silkworm, Bombyx mori, a holometabolous 

insect belonging to the Lepidoptera order and Bombycidae family. B. mori, which 

produces a great amount of sericin to the end of fifth larval instar and together with the 

fibroin, form the silk thread used in the production of the cocoon, structure that provides 

the ideal conditions for the occurrence of larval metamorphosis to adults [1]. 

In the textile industry, the cocoon is processed and sericin is largely removed in 

a process called degumming. The fibroin is converted into raw silk and used in the 
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production of many types of yarns and silk fabrics [1–3]. The commercial silk farming 

is considered one of the oldest agricultural explorations made by humans [4]. Historical 

data is derived from North China, going back to 5000 years. [5], where it has expanded 

to other areas in East and West. 

In addition to its economic importance arising from applications in agribusiness, 

B. mori is the main lepidopteran used in scientific research, a genetic resource capable 

of elucidating a wide range of biological problems [2]. Recently, the cocoon of the B. 

mori and its main proteins, fibroin and sericin, have been the subject of research that 

has shown the potential use in the field of polymers, biomaterials, cosmetics, and food 

industry [3, 6]. 

For a long time, sericin has been disregarded in the field of sericulture. It is 

estimated that it 400,000 tons of dry cocoons worldwide, producing 50,000 tons of 

sericin [7]; sericin is mostly discarded in wastewater. This generates a high chemical 

and biological oxygen demand as well as contamination of water [8]. The removal and 

use of sericin could have a strong economic, social, and environmental impact, 

especially in countries where sericulture is practiced, such as China, India, and Brazil. 
The sericin is a natural polymer, which acts as an adhesive joining two fibroin 

filaments in order to form silk yarn [2]. The molecule is highly hydrophilic with a 

molecular weight that ranges from 20 to 400 kDa and consists of 18 amino acids, 

including essentials. The polar groups (carboxyl, hydroxyl, and amino groups) of amino 

acid side chains and its organic composition, solubility, and structural organization 

enable crosslinking, copolymerizations, and combinations with other polymers, which 

together convey unique properties to sericin as an antioxidant, moisturizing, healing, 

antibacterial, antimicrobial protection against ultraviolet radiation, and antitumour [9–

11]. 

Thus, the demand for biocompatible and biodegradable materials shows the 

growing interest in nontextile applications of silk protein in a vast field in science and 

medicine and justifies the present review, which has properties and biological 

applications of sericin polymer obtained from cocoons of B. mori. 

 

2. Sericin Synthesis and Silk Gland Morphology 

 

The sericin is synthesized in the labial gland of B. mori, commonly called silk 

glands, a pair tubular organ extending lateroventrally to the digestive tract, beginning 

in the labial segment to the caudal region. In B. mori, the gland is rudimentary from 1st 

to 4th instar producing small amount of silk, which is secreted at the end of each instar 

and is used to fix the tegument to be discarded after moulting to the substrate. At 5th 

instar, the gland hypertrophy occurs, an increase in cell volume, high silk biosynthesis, 

and secretion, and weight estimated to be between 20% and 40% of the total weight 

of the insect [12–14]. 

The silk gland is a typical exocrine gland, and, due to morphological and 

functional differences along the length, it is divided into three regions: the anterior silk 

gland (ASG) that forms the excretory duct and has about 200 cells; the middle silk 

gland (MSG) which secretes three types of sericin and is about 7 cm in length and 

approximately 300 cells; and the posterior silk gland (PSG), secretory of fibroin, that is 

about 15 cm long and about 500 secreting cells [2, 14–16]. In Figure 1, the pair of silk 
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glands can be visualized, each with its distinct regions. The anterior region ends in a 

single structure near the head, the silk spinning organ, the spinnerets. The middle 

region may be subdivided into four areas: anterior, anterior-middle, posterior-middle, 

and posterior. These areas differ due to the density and morphology of the material 

contained in secretory vesicles, and each of them synthesizes a different type of sericin 

in the lumen [16]. 

The silk gland growth occurs during embryonic development and remains in the 

larval stage, during which cellular DNA replication occurs without mitosis process 

known as endomitosis [14]. 

The glandular epithelium, which resembles morphologically the posterior and 

middle regions, is simple and relies on a continuous basal lamina that separates the 

hemocoel. The ultrastructure of the secretory cells reveals numerous nucleoli 

distributed in the ramified nucleus [16], which contains the large amount of replicated 

genomic DNA, which increases 200–400 thousand times [17]. At the beginning of larval 

development, the core surface is regular, becoming convoluted in the course of 

development [18]. According to Ichimura et al. [19], nuclear ramification starts to be 

detected at the end of third instar. The cytoplasm is rich in organelles involved in the 

synthesis of secreted proteins, such as rough endoplasmic reticulum (rough ER), Golgi 

complex, and mitochondria [16]. 

Due to the specificities of the middle region of the silk gland, the posterior area 

secretes the inner layer of sericin, which immediately accumulates around the fibroin. 

Surrounding the inner layer is deposited a layer of more granular texture, less dense, 

for the posterior-middle area. The outermost layer of sericin is synthesized by the 

previous field, which contains the largest cells characterized by the presence of fat 

bodies [16]. 

Thus, in the silk thread, the sericin forms three layers around two fibroin 

filaments coming from each of the silk glands [12]. The mechanism by which soluble 

silk proteins form an insoluble silk thread is reviewed by Liu and Zhang [20]. The fibroin 

is secreted into the glandular lumen in solution form with approximately 15% of protein, 

migrating to the middle region where it is surrounded by the sericin. Gradually, water 

is absorbed by the cells of the glandular epithelium, forming a solution similar to a gel 

with 30% of protein, which exhibits the property of nematic liquid crystal. While 

spinning, the proteins flow through the anterior silk gland duct, where excess water 

and ions are absorbed, and the crystalline liquid solution solidifies gradually converting 

into a solid filament. Furthermore, a specific and continuous movement of B. mori head 

during spinning also acts on the orientation of protein molecules in the silk thread, and 

as the silk proteins aggregate and crystallize, they become more hydrophobic, inducing 

the loss of water on the surface of the thread [20]. 
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Figure 1: Photography of Bombyx mori silk gland (a), stained with light green 1%. Anterior (ASG), middle (MSG), and 

posterior silk gland (PSG). MSG and its areas: anterior (1), anterior-middle (2a), posterior-middle (2b), and posterior (3). Head 

(H). In (b), (c), and (d), photomicrographs of different regions anterior, middle, and posterior, respectively, stained with 

haematoxylin and eosin. Cytoplasm (Cy), nucleus (arrows), and lumen (Lu). 

 

The production of cocoon lasts about three days and occurs from outside in, 

where silk threads are “glued” using the glue property of the sericin. Cocoon is formed 

by a long silk thread, whose size ranges from 900 to 1500 meters and its evolution 

over millions of years provides optimum protection during metamorphosis to silk moth 

against adverse environmental conditions and attacks of biological agents such as 

birds, insects, and bacteria. Its main proteins, fibroin and sericin, make up 98% of the 

structure, besides the presence of the p25 protein and seroin which are probably 

responsible for the resistance to predators, fungi, and microorganisms, which are also 

secreted by the silk glands. Other substances such as fats and waxes (0.4 to 0.8%), 

inorganic salts (0.7%), and pigment (0.2%) are also present in the cocoon [2, 12, 13, 

21]. 

Silk gland undergoes morphological and functional changes resulting from 

insect metamorphosis, degenerating completely 48 hours after the beginning of the 

pupal stage [12, 22]. 

 

2.1. Silk Proteins: Structure and Genetics. 

Sericin and fibroin are two distinct families of proteins. Fibroin fibre is a 

glycoprotein secreted into the lumen of the posterior glands as a molecular complex 

comprising a heavy (H) chain of approximately 350 kDa and a light chain (L) of 25 kDa 
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and P25 with 27 kDa. The L and H genes are located on chromosomes 14 and 25, 

respectively [23]. Fibroin is arranged as microfibrils organized into fibrils bundles, 

which together form a single silk filament. During cocooning the two filaments, each 

filament originating from a silk gland is surrounded by sericin layers and form the silk 

thread [24]. 

Sericin is a family of glycoproteins generated by alternative splicing of sericin 

genes [12, 25], and comprises 25 to 30% of the cocoon weight. The genes expressions 

are regulated temporally according larval development, which added a little 

homogeneity between the exons, and it is responsible for the large protein variety [1, 

26]. 

At least three genes are responsible for sericin synthesis: Ser1, Ser2 and Ser3. 

The first discovered gene was Ser1, localized in chromosome 11, locus Src, that 

consists of a single copy with about 23 kb and 9 exons and encodes four major mRNAs 

(10.5, 9.0, 4.0, and 2.8 kb) by alternative splicing [27– 30]. Michaille et al. [31] 

discovered the Ser2 gene, which contained 13 exons that ranged in size from 28 to 

2574 bp and encoded two mRNAs (3.1 and 5.0–6.4 kb) also by alternative splicing. 

Ser2 gene proved to be more complex and variable than any other known gene 

encoding silk proteins. Its gene organization resembled that of the Ser1 gene, 

especially the similar size of the first two exons encoding the signal peptides [32]. The 

last gene involved in sericin synthesis, Ser3 gene, was discovered by Takasu et al. 

[30], and it also is located in chromosome 11, locus Src-2. This gene with size about 

3.5 bp contains 3 exons and encodes a simple transcript of 4.5 kb [28, 30]. 

 

3. Sericin Biochemistry 

 

Sericin belongs to a family of proteins of the type “gluelike” which is positioned 

around the protein core, keeping the fibroin filaments together [4]. In the presence of 

sericin, fibre silk is hard and tough and becomes soft and lustrous when absent [24]. 

Structurally, sericin is a globular protein consisting of random coil and β-sheets. 

Changes in random coil structure for β-sheet easily occur in response to mechanical 

stretching properties, moisture absorption, and temperature, where the sol-gel 

transition occurs. In hot water, 50–60°C or higher, protein adopts its soluble form. At 

lower temperatures, the solubility is reduced and the random coil structure is converted 

into β-sheets, resulting in the formation of a gel [33–35]. 

Macromolecule of hydrophilic character is composed of 18 amino acids with 

strong polar groups such as hydroxyl, carboxyl, and amino groups [36], capable of 

forming crosslinks, copolymerizations, and combinations with other polymers [37]. Its 

organic composition is given by 46.5% carbon, 31% oxygen, 16.5% nitrogen, and 6% 

hydrogen [38]. The biochemical characteristics give sericin important biological 

properties such as biocompatibility, antibacterial activity, antioxidant, and moisturizing, 

among others [39]. 

 

3.1. Forms of Sericin. 

The solubility and the molecular weight of sericin are properties that can be used 

as a classification standard. Shaw and Smith [40] classified the sericin in three fractions 

(A, B, and C) according to its solubility in water. Sericin A, the more soluble fraction in 
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warm water, is found in the outermost layer of the cocoon and contains approximately 

17.2% nitrogen, with serine, threonine, glycine, and aspartic acid as major amino acids. 

In the intermediate layer is found sericin B, which contains 16.8% nitrogen and an 

addition of tryptophan; it is composed of the same amino acids as sericin A. The last 

fraction, sericin C, is adjacent to fibroin and it is found in the innermost layer; it is 

insoluble in hot water and contains a lower proportion of nitrogen, 16.6%. In addition 

to the amino acids found in sericins A and B, fraction C also contains proline. 

Considering the molecular weight, Takasu et al. [41] classified the sericin based 

in place of synthesis in the middle region of the silk gland, as sericins A, M, and P, that 

comprises the three largest polypeptides that make up the protein. Sericins P and M 

are encoded by Ser1 gene and form the first and second sericin layers that involve the 

fibroin, respectively [42]. Your transcripts are expressed in the posterior and middle 

areas of MSG until day 6 from the 5th instar and are not expressed in the anterior area. 

Ser2 gene expression is detected in the anterior area; it is rare in the middle area and 

not expressed in the posterior area. Your expression is detected until day 4 and 

disappeared after day 6 from fifth instar [43]. Ser3 gene encodes sericin A that occurs 

mainly in the floss and outer layer of the cocoon [30] and is mostly detected in the 

anterior area and rare in the middle subpart. The signal of Ser3 transcript initiates on 

day 5 and increases in intensity until day 7 from 5th instar [43]. 

While products of Ser1 and Ser3 genes compose the sericin layers in B. mori 

cocoon, the proteins encoded by Ser2 gene are classified as noncocoon and are 

related with larval silk [43]. A small amount of silk is spun by silkworm before each 

instar changes and previous to the cocoon production, which fixes the cocoon to a 

suitable substrate [32]. 

Sinohara and Asano [44] isolated glycopeptides from the proteolytic digestion 

of sericin, indicating the presence of glucosamine, galactosamine, mannose, and 

galactose. In 1979, Sinohara [45] found that B. mori sericin contains two types of 

oligosaccharide units. One consists of several mannose residues and two N-

acetylglucosamine residues, one of which is linked to asparagine residue of protein 

core. The other oligosaccharide unit consists of an isolated N-acetylgalactosamine or 

a disaccharide -galactosyl (1→3)-N-acetylgalactosamine, linked to the protein core in 

the serine or threonine residue. 

 

3.2. Obtainment of Sericin. 

Removal of sericin gum from crude silk is based entirely upon the solubility in 

water [24]. The protein is typically obtained from the cocoon of B. mori but can also be 

extracted from the silk gland. In the traditional process of degumming in silk 

manufacturing, there is a common use of soaps and detergents [46], but this method 

can cause partial hydrolysis of sericin, reducing its natural weight and losing some 

functional properties [47]. 

With the objective of extracting and utilizing the sericin from cocoon of B. mori, 

four methods can be listed: high temperature, associated or not with high pressure by 

autoclaving; acidic, mainly citric acid solution; alkali, with sodium carbonate solution; 

and urea [24, 38]. All these methods can be modified in the relationship of temperature, 

time, chemical additive that was utilized, concentration of the solution, and others. 

Kodama [48] reported that heating at high temperatures (100 to 105°C), used 

during the extraction in autoclaving, causes some change in the sericin molecule. The 
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author also showed that sericin is soluble in water and has an isoelectric point slightly 

more acidic. Aramwit et al. [46] add that degumming by heat or heat under pressure 

has as advantage because it results in no impurity. The preparation conditions 

including temperature, pressure, and heating duration can largely mediate the 

molecular weight of sericin when it is extracted from cocoons. Namely, the molecular 

weight of sericin can be controlled by the extraction conditions [49]. 

Takasu et al. [41] use a saturated aqueous lithium thiocyanate containing 2-

mercaptoethanol solution with ethanol precipitation for sericin extraction and show that 

sericin is composed of three major polypeptides, with molecular weight of 400, 250, 

and 150 kDa estimated by SDS-PAGE, which corresponds to sericins M, A, and P, 

respectively. 

Kurioka et al. [50] tested the sericin extraction with an acidic solution using 

1.25% citric acid, comparing the morphological and biochemical properties of the 

protein to that obtained with an alkali-degraded (0.5% sodium carbonate) and high 

temperature and pressure (autoclaving at 110, 115, and 121°C). The three extraction 

methods are equivalent to the yield of sericin powder. Morphologically, observing SEM 

(scanning electron microscope) images, in the acid degumming can be observed thin 

films with a leaf-like structure, in smaller size than compared to the alkali- and heat-

degumming. Extraction with heat at 110°C has shown a trypsin inhibitor activity by 

31%, 60% lower than the result of acid extraction. The alkali-degumming has no effect 

on the inhibition of trypsin. The trypsin inhibitor activity decreased 60% and 75% with 

increasing temperature to 115°C and 121°C, respectively. 

Aramwit et al. [51] investigated the chemical properties and antityrosinase 

activities of sericin extracted from various methods. For extraction with high 

temperature and high pressure, cocoons of B. mori were autoclaved at 120°C and 15 

lbf/in2 for 60 min. For the preparation by acid- and alkali-degraded was added to the 

cocoons 1.25% citric acid solution or 0.5% sodium carbonate solution, respectively, 

and boiled for 30 min. Cocoons were soaked into aqueous 8 M urea solution for 30 

min and then refluxed at 85°C for 30 min for degumming with urea solution. The 

authors concluded that the sericin extracted with high temperature and pressure and 

by urea solution had higher yields compared with the other methods. Moreover, the 

sericin extracted by urea solution appeared to give the most clearly distinguishable 

protein bands in SDS-PAGE. When obtained with high temperature and high pressure, 

the sericin shows an endothermic degradation at 220°C, higher temperature than those 

obtained from other methods (210°C), implying that the use of chemicals during the 

extraction process influences the thermal stability of sericin. Other tests results 

revealed that the extraction process of sericin could affect the chemical structure of 

protein and change the amino acid composition. Among the four methods used in this 

study, extraction with urea had the most significant impact on sericin conformation. 

Still, regarding the inhibition of tyrosinase, urea-extracted sericin showed the highest 

antityrosinase activity, while the alkali-degumming has a minor. 

Enzyme extraction is also used by other authors [52– 55]. The use of enzyme 

to extract sericin from cocoon can be attributed to the discovery of cocoonase, a group 

of proteinases, which can attack the sericin bindings. The enzymes trypsin, papain, 

and bacterial enzymes were the main types used for the degumming process [56]. 

Trypsin, a proteolytic enzyme, hydrolyses the peptide bond between the carboxyl 
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group of lysine or of arginine and amino groups of adjacent amino acids. Since sericin 

has a relatively high lysine and arginine content, it is easily hydrolysed by trypsin [57]. 

Papain exhibits a wide specificity in its action towards polypeptides and is an effective 

cocoon degumming enzyme [58]. Alkalase, a bacterial enzyme, and many other fungal 

protease enzymes have been standardized and found to be economically viable 

without chemical hazards [56]. 

The diverse methods of extraction of sericin, its origin, and the variety of cocoon, 

due to the different strains of B. mori, provide different sizes for the protein, which can 

be seen by the change in amino acid composition (Table 1) and molecular weight 

(Table 2), which can reflected in biological properties [59]. 

 

4. Sericin Properties and Biomedical Applications 

 

The physicochemical properties and molecular heterogeneity of sericin 

influence on their functionality and these characteristics are directly influenced by 

extraction methods. Studies of biocompatibility and antioxidant potential, both in vitro 

and in vivo, have demonstrated that sericin is immunologically inert and have proven 

the safety and open wide possibility of applications of sericin in biomedicine, such as 

the food and cosmetic industries, supplement in the culture media, cryopreservation, 

wound healing, antitumour effect, various metabolic effects in organic systems, and 

indicate your use in tissue engineering and as a vehicle for drug delivery [26, 98]. 

 

4.1 Immunological Response. Silk fibres have been used in the biomedical field as 

sutures, since their biocompatible characteristics make them a promising biomaterial 

[99]. A few studies show the immune system activation front the silk proteins [100–

102] and, historically, the hypersensitivity reactions were attributed to the sericin [4]. 

However, subsequent studies have shown a differential immunological role for 

sericin. An interesting finding regarding the immunological responses to silk has been 

presented by Panilaitis et al. [93] that examined the inflammatory potential of intact silk 

fibres and their in vitro extracts. The authors found that silk fibres and soluble sericin 

are immunologically inert in culture of murine macrophage cells, while insoluble fibroin 

particles can induce significant release of TNF-α (tumour necrosis factor-α). Even 

though sericin does not activate the immune system itself, it was found that when it 

covers the fibroin fibres, there is a strong macrophage in response to bacterial 

lipopolysaccharide. Thus, the authors confirm the low inflammatory potential of silk 

fibres, making them promising candidates for biomedical applications. 

In a study involving cocoons of different lines of silkworms, Chlapanidas et al. 

[84] found that sericin has anti-proliferative activities in peripheral blood mononuclear 

cells stimulated in vitro, as well as reducing the release of interferon gamma (IFN-γ), 

without having effects on the release of interleukin 10 (IL-10) and TNF-α, thus 

highlighting the applicability of sericin dermatologically, showing its anti-inflammatory 

role, related positively your biocompatibility, as well as protection against endogenous 

cells aggressions [84]. 
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Sericin has been successfully added to the culture media of several cell lines 

and it does not promote any cytotoxicity, which indicates the safety of sericin to cells 

[65, 70]. 

Aramwit et al.[9] investigated the inflammatory mediators induced by sericin in 

vitro and in vivo. When the sericin was added to the culture media of mouse monocyte 

and alveolar macrophage cell lines, there was an increase in cell proliferation and the 

generation of TNF-α and interleukin-1 beta (IL-1β); however, this increase in cytokines 

does not activate other inflammatory cascades. In their in vivo assay, the authors used 

an 8% sericin cream, which was applied topically on wounds on the back of rats. After 

7 days of treatment, there was a reduction of the expression of TNF-α and IL-1β in 

tissue and the overall wound healing was accelerated in treated animals. In this way, 

sericin promoted wound healing without exacerbating the inflammatory process. 

Considering that a protein or new substance can be used as a biomaterial or a 

biomedical product, the immunological response is normally evaluated as an 

inflammatory reaction, with the expression or release of cytokines, especially IL-1β and 

TNF-α, both in vitro and in vivo [103]. Therefore, the sericin can be considered as a 

biocompatible protein, since it presents very low immunogenicity [98], and it can be 

utilized in various biomedical areas, as listed in sequence. 

 

4.2 Antioxidant. Dietary antioxidants have been of great interest, especially due to the 

findings on the effect of free radicals in the body, which can have serious 

consequences if their products are not neutralized by an efficient antioxidant system 

[104]. In this sense, studies have shown the antioxidant properties of sericin B. mori. 

Kato et al. [10] showed, for the first time in in vitro study, that sericin inhibits lipid 

peroxidation in rat brain homogenate. The lipid peroxides, derived from 

polyunsaturated fatty acids, are unstable and may decompose into malondialdehyde 

[105, 106]; whose levels are associated with cardiovascular risk factors, hypertension, 

diabetes, and hyperlipidaemia [107]. Similarly, sericin was effective in inhibiting 

tyrosinase, the enzyme responsible for browning reactions of various foods and the 

synthesis of melanin, in addition to its role in cancer and neurodegenerative diseases 

[108], highlighting the interest in the study of substances with antityrosinase activity. 

Cocoons of B. mori can provide natural pigments typically flavonoids and 

carotenoids that accumulate in sericin layers [109]. These pigments are known for their 

biological properties as antioxidants and antityrosinase. Aramwit et al. [51] 

demonstrated that the antityrosinase activity of sericin was greater when obtained from 

cocoons with pigments, but the potential was also present in cocoons submitted to the 

pigment extraction process, showing that sericin itself has a significant antityrosinase 

activity. Thus, sericin and pigment are responsible for antioxidant properties. 

Furthermore, the authors point out that the lineage of B. mori and the method of 

extraction of sericin affect their physical and chemical properties, influencing the 

antioxidant activity. Sericin extracted by urea solution, with molecular weight ranging 

from 10 to 225 kDa, has had the highest degree of antityrosinase activity, whereas 

alkali-degraded sericin showed no inhibition of tyrosinase. The high amount of arginine 

and valine amino acids, which can be observed in extraction by urea solution, is 

perhaps responsible for the antityrosinase activity, since arginine-containing peptides 

are the most tyrosinase-binding in shorter peptides and valine-containing peptides are 
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the highest tyrosinase-inhibitor. Chlapanidas et al. [84] working with cocoons of 20 

lineages of B. mori also demonstrated its influence on the antioxidant properties 

(antityrosinase, antielastase, and elimination of reactive oxygen species) of sericin. 

Dash et al. [110] analysed the antioxidant and photo protector potential of sericin 

from Antheraea mylitta, against ultraviolet light B (UVB) in irradiated human 

keratinocytes. The analysis in flow cytometry revealed that previous treatment with 

sericin inhibited apoptosis induced by UVB, by inhibiting the expression of proapoptotic 

protein bax and upregulation of bcl-2, and it prevents the activation of caspase-3. There 

was also the inhibition of hydrogen peroxide formation in keratinocytes treated with 

UVB, indicating a role of sericin in preventing mitochondrial damage. In addition to 

these effects, intracellular reactive oxygen species (ROS) and activation of poly-ADP-

ribose polymerase enzyme (PARP) were also decreased, directly involved in DNA 

cleavage processes, their own apoptotic process. The authors conclude that sericin, 

for these purposes, is a potent antioxidant and antiapoptotic agent. Likewise, the 

sericin antioxidant potential, extracted from A. mylitta cocoon, was demonstrated in 

skin fibroblasts (cell line AH927) exposed to hydrogen peroxide for 24 hours, using 

catalase, lactate dehydrogenase, and malondialdehyde as indicators [111]. 

In Takechi’s et al. [112] study, the methods of 1,1-diphenyl-2-picrylhydrazyl 

(DPPH), chemiluminescence, and oxygen radical absorbance capacity (ORAC) proved 

a major antioxidant potential of sericin obtained from the yellow-green cocoon. 

According to the authors, the flavonoid pigment present in the sericin layers is 

responsible for this characteristic. By contrast, the electron spin resonance (ESR) 

shows that white sericin is better probably because the antioxidant potential of 

flavonoids pigments may not be involved in the elimination of hydroxyl radicals, 

detected by this method. Therefore, the results confirmed that all sericins have high 

antioxidant property against various free radicals, and the antioxidant property of the 

bread was improved by the addition of sericin powder. 

Li et al. [66, 72] observed a protective effect of sericin in hepatic and gastric 

injuries caused by alcohol in mice. The treated animals showed higher alcohol 

elimination in urine, and this lowers concentration in serum. The sericin restored the 

normal parameters of antioxidant enzymes, demonstrating its protective role against 

lipid peroxidation and generation of ROS in the liver. Further, sericin recovered cell 

morphology and preserved the mitochondria integrity in gastric mucosa, probably 

based on its antioxidant potential. 

The sericin significantly reduces intracellular ROS detected by fluorescence. 

Micheal and Subramanyam [113] suggested that the main constituent amino acids of 

sericin protect the midgut epithelial cells of B. mori and haemocytes from oxidative 

damage, probably by the ability of sericin to eliminate ROS. 

The antioxidant properties of sericin could be related to your high serine and 

threonine content, whose hydroxyl groups’ act chelating trace elements such as copper 

and iron [10]. Devi et al. [114], in their study about sericin from Antheraea assamensis, 

and Prasong [115], that compared the silk of Samia ricini with B. mori, concluded that 

the presence of polyphenols and flavonoids in sericin is responsible for its antioxidant 

role. Therefore, these studies suggest the use of sericin as a natural and safe 

ingredient for food and cosmetics industries. 
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4.3 Cosmetology. The use of sericin in cosmetic formulation, such as creams and 

shampoos, leads to an increase in hydration, elasticity, cleaning with less irritation, and 

antiaging and antiwrinkle effects [116–118] and also prevents nails from chapping and 

brittleness [119]. These applications are especially due to the presence of amino acids 

with hydrophilic side groups (80%), such as serine (30 to 33%), which has large 

capacity to absorb water. The sericin may also form a soft and smooth film on the 

surface of the skin, preventing the loss of water [120]. 

Padamwar et al. [121] studied in vivo moisturizing effect of sericin on human 

skin and found its action to decrease the impedance and increase in the level of 

hydroxyproline and hydration of the epidermal cells. The increase in hydration was 

attributed to the occlusive effect of sericin, which prevented the transepidermal water 

loss, responsible for skin dryness. The moisturizing power remained flat epidermal 

topography. The authors still argue that sericin has similar amino acid structure to 

filaggrin, present in the stratum corneum of the skin and acts in the natural hydration 

of the skin; and, thus, sericin itself is an important moisturizing agent. 

The dryness is characteristic of a number of skin diseases such as atopic 

dermatitis and ictiosis, which lead to a decrease in free amino acids in the stratum 

corneum. Using silk proteins, fibroin and sericin, as treatment in an animal model of 

atopic dermatitis, Kim et al. [64] observed that adding 1% of sericin to the diet for 10 

weeks caused an improvement in epidermal hydration. The consumption of sericin 

provided the increase of total filaggrin and free amino acids, as well increased of 

peroxisome proliferator-activated receptor (PPAR ), peptidylarginine deiminase-3 

(PAD3), and caspase-14, molecules responsible for the increase in expression of 

profilaggrin and filaggrin degradation of free amino acids, that recover dry skin 

conditions. Therefore, sericin is presented as a potential alternative therapy as an 

adjunct in the treatment of dry skin conditions such as atopic dermatitis. 

 

4.4 Supplement in Culture Media and Cryopreservation. Studies in cell culture are 

often the first way to test new discoveries or technologies, particularly in research on 

cell therapy and regenerative medicine [70]. Many cell lines require culture media to 

remain viable; currently, the most widely used media are BSA (bovine serum albumin), 

which may possibly be contaminated by viruses, such as bovine spongiform 

encephalitis [65]. Furthermore, the cryopreservation of cell lines is the focus to the 

development of research into tissue engineering, and the media of BSA supplemented 

with 10% DMSO (dimethyl sulfoxide) are commonly used [122]. Considering that 

serum is the highest cost in cell culture [70], the development of new ways of 

supplementation and cryopreservation, especially those serum-free, is an important 

alternative. 

Sericin obtained from the cocoon was added alone or combined with BSA in the 

culture media of mammalian cell lines (murine hybridomas 2E3-0, human 

hepatoblastoma HepG2, human epithelial HeLa cells, and human embryonal kidney 

293 cells). The use of sericin with molecular weights between 6 and more than 67 kDa, 

known as small-sericin, increased cell proliferation in four lines, with positive results in 

concentrations from 0.01% to 0.1%, while higher concentrations (1%) were potentially 

dangerous. The sericin promoted an increase in cell viability, which became more 

pronounced when added to the BSA. Furthermore, the activity of the sericin did not 
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change after autoclaving, showing its use as a supplement in culture media to stimulate 

cell proliferation [65]. 

From the study described above, Terada et al. [70] used the sericin with different 

molecular weights in cell culture. The sericin with higher molecular weight, 50 to 200 

kDa, also stimulates cell proliferation, but it had not reached the sericin results of lower 

molecular weight, which, in turn, increased the proliferation of hybridoma cells in 

various serum-free media, showing that the mitogenic effect is independent from the 

culture media. 

Sasaki et al. [122] developed a serum-free freezing medium and, therefore, 

used 1% sericin of 30 kDa extracted from cocoons of B. mori together with PBS 

(phosphate buffered saline), 0.5% maltose, 0.3% proline, 0.3% glutamine, and 10% 

DMSO. These media showed the same cryoprotectant potential in P3U1 myeloma and 

Chinese-hamster ovary cells as the conventional medium of BSA containing 10% 

DMSO and were superior to all three commercial media. The media containing sericin 

also proved effective in cryopreservation of human, rat, and insect cell lines. Thus, the 

authors concluded that the use of supplemented media with small-sericin could act as 

universal media for cryopreservation of mammalian cells and insects. 

Morikawa et al. [123] used sericin or FBS (fetal bovine serum) as medium for 

rat islets culture and there were no observed significant differences in survival and 

insulin secretion for 14 days. Ogawa et al. [83] tested the effect of sericin and FBS on 

islet cell survival and insulin production and, compared to Morikawa et al. [123], on the 

12th day, all islets were morphologically intact in FBS culture, while only 50% were 

intact in sericin culture. On insulin production, sericin was effective in maintenance, but 

its effects were inferior to FBS. 

Considering its antioxidant potential and the ability to eliminate free radicals, 

Kumar et al. [124] used different sericin concentrations (0.25, 0.5, 1.5, and 2%) and 

tested their cryoprotective action on buffalo spermatozoa. The supplementation of 

sericin in 0.25, 0.5, and 1% increased the spermatic motility, whereas concentrations 

of 0.25 and 0.5% were effective in preserving the integrity of the plasma membrane of 

spermatozoa and an increase in SOD activity (superoxide dismutase), an antioxidant 

enzyme, as well as reducing the concentration of malondialdehyde, the end product of 

lipid peroxidation. Thus, supplementation of low doses of sericin, 0.25 and 0.5%, is an 

effective cryoprotectant, which maintains the quality of semen and prevents oxidative 

stress. 

Verdanova et al. [125] used sericin to develop serum-free media as well as to 

replace the medium cryoprotectant DMSO in human mesenchymal stromal cells 

(hMSCs) and immortalized human osteoblasts (SAOS-2 cell line). The 

supplementation of 1% sericin in 10% DMSO, as BSA substituent, proved to be 

efficient cryoprotection media for hMSCs cells, since they maintained their cell viability 

and ability to form colonies, which was not observed in SAOS-2 cells. When the sericin 

was used as the substituent of DMSO, the results showed that the reduction of DMSO 

is directly related to shorter survival of the cell lines studied, mainly in SAOS-2 cells. 

The authors conclude that sericin can be used as the substituent BSA, thus playing a 

role in preserving less mature lines, undifferentiated as hMSCs cells, while it does not 

act in this manner compared to differentiated cells, such as SAOS-2. Further, sericin 

was not efficient in replacement of DMSO in any of the studied lines. 
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4.5. Wound Healing. Several studies provide evidence of the healing properties of 
sericin, since it operates in stimulating the migration, proliferation, and production of 
collagen [126–128]. Aramwit et al. [127] discuss the importance of amino acid 
methionine of sericin in collagen synthesis, essential in the healing process. Tsubouchi 
et al. [129] examined human fibroblasts cultured in culture media containing sericin 
(400 kDa, known as sericin M) and observed cell growth of 250% in 72 hours, due to 
ease in connection of cell and media, which is dependent on repeated domains rich in 
serine found in the sericin. Tsubouchi et al. [129] added that this activity is dependent 
on the molecular weight and amino acid content of sericin. 

In vitro test in model of injury (injury in monolayer cell with measurement of the 
expansion of cell population on surface) revealed that treatment with sericin (100 g/mL) 
induced migration of fibroblasts L929 and the wound closure time was significantly less 
than control [74]. In the wound, there is a loss of cell contact and the production of 
growth factors and cytokines occurs, initiating the proliferation and migration of cells, 
such as keratinocytes and fibroblasts [130]. Thus, the migration of fibroblasts is a 
crucial step towards healing, because it involves the proliferation, contraction, and 
collagen production [131], and sericin increases the population of fibroblasts into the 
injured area due to cell migration and/or proliferation [74]. 

In a clinical study, Aramwit et al. [74] used the standard antibiotic cream (silver 
sulfadiazine) with 8% sericin for the treatment of open wounds resulting from second-
degree burns. The 29 patients had their burns treated with topical application of sericin, 
and blind evaluation showed that sericin accelerated wounds closure; the average time 
required to reach 70% of epithelialization of the burn surface to complete healing in 
treatment group was significantly shorter than control (without sericin), about 5–7 days. 
There was also a decrease in length of hospitalization and patients’ pain, improving 
their quality of life. Aramwit et al. [9] also investigate the use of an 8% sericin cream 
on wounds on the back of rats and observed a reduction of tissue inflammatory 
cytokines and the overall wound healing was accelerated in treated animals. These 
results corroborate the morphological studies where sericin can activate collagen 
production [127, 128] and promote wound healing in rats [126,132]. 

Sericin, with molecular weight ranging within 50–150 kDa, extracted from B. 
mori cocoons, was also used to form an 8% sericin cream for topical application in the 
treatment of uremic pruritus in patients with end-stage renal disease, demonstrating a 
greater skin hydration and less irritation and skin pigmentation. These clinical changes 
led to lower sensation of pain reported by patients using the Visual Analogue Scale 
and, consequently, improved quality of life in treated patients [39]. 

Nagai et al. [133,134] and Nagai and Ito [135] used the small-sericin (30 kDa) 
as a treatment for corneal lesion in an animal model of type 2 diabetes mellitus. In their 
studies, the authors showed that instillation of sericin diluted in saline on corneal 
damage accelerated the healing process. Further, sericin was added to the culture 
media of an epithelial cell line of human cornea and was effective in increasing the cell 
proliferation and adhesion. 

Besides injuries to the cornea, diabetes mellitus can cause degeneration in 
other tissues, especially on the central and peripheral nervous system. Song et al. [76] 
used a dose of sericin (2.4 g/kg) given orally for 35 days in an animal model of diabetes 
mellitus. The treatment reduced blood glucose and increased the expression of 
neurofilament protein in the sciatic nerve and the expression of nerve growth factor in 
L4–L6 spinal ganglion and anterior horn cells. However, the expression of 
neuropeptide Y in spinal ganglion and anterior horn cells significantly decreased. 
These results indicate that sericin protects the sciatic nerve and the nerve cells related 
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against injuries caused by diabetes mellitus. Chen et al. [136] conducted a 
methodologically similar study and found that sericin also improves disorders of the 
growth hormone/insulin-like growth factor I axis caused by diabetes mellitus. 
 

4.6. Antitumour Effect. The chemotherapy used in cancer treatment presents high 

cytotoxicity, affecting both normal cells and neoplastic, which limits its clinical 

applications [137]. In addition, another problem is the resistance to chemotherapeutic 

agents [138], making it necessary to search antitumour agents with lower toxicity and 

biocompatible, such as sericin. 

Zhaorigetu et al. [62] studied the effect of 30% sericin supplementation in the 

diet of an animal model of colon tumorigenesis. Consumption of sericin for 115 days 

did not affect body weight and food consumption; however, there was a reduction in 

the incidence of colon adenoma. The antitumour effect of sericin results in lower cell 

proliferation rate, decrease in oncogenes expression, and reduction of oxidative stress. 

Sasaki et al. [77] found similar effects with the sericin supplementation also in a colon 

tumour model. In this study, supplementation of 3% of sericin for 5 weeks reduced the 

number of aberrant crypt foci, revealing its antitumour effect. 

In order to clarify the mechanism involved in the antitumour action of sericin in 

colon cancer, Zhaorigetu et al. [78] supplemented the diet of an animal model of colon 

tumour with 3% of sericin for 28 days. In these animals, the use of sericin reduced the 

number of intestinal aberrant crypt foci and lipid peroxidation in colonic mucosa in 36% 

and 34%, respectively. The authors also observed that the sericin is not digested and, 

therefore, the strong antioxidant potential of sericin undigested present in the colon 

induces lower oxidative stress and tumorigenesis in the organ. 

Kaewkorn et al. [73] studied the effect of sericin in the proliferation and apoptosis 

of colon tumour cells. The small-size sericin, 61–132 kDa, showed an inhibitory effect 

on human colorectal cancer cells (SW480) when compared to normal human fetal 

colonic mucosal cells (FHC). Further, sericin caused a reduction in cell viability by 

inducing apoptosis of tumour cells with increased activity of caspase-3 and reduction 

of Bcl-2 expression, an antiapoptotic protein. The sericin did not induce apoptosis in 

control cells, acting as chemoprotector against colon cancer cells. 

Sericin was used for Zhaorigetu et al. [82] to test its protective effects in an 

animal model of skin tumours induced by chemical substances, 12-O-

tetradecanoylphorbol-13-acetate (TPA, oxidative stress inducer) and 7,12-

dimethylbenz (α) anthracene (DMBA). Topical application of 2.5 mg dose led to a delay 

in tumour appearance in 1 week when compared with untreated group with sericin, 

whereas the dose of 5 mg of sericin inhibited its appearance for 15 weeks, and a small 

tumour was observed at the end of the experiment at the 16th week. In addition to the 

inhibition of tumorigenesis, sericin led to a reduction in the number (cell proliferation) 

of skin tumours in mice. There was a marked decrease in inflammatory response, by 

a decrease in leukocyte infiltration by TPA, and epidermal hyperplasia. Topical 

application of sericin, prior to TPA, also reduced the expression of epidermal 

protooncogenes, c-fos and c-myc, and proinflammatory mediator cyclooxygenase-2 

(COX-2). Thus, the chemoprotector effect of sericin of mouse skin tumour occurred for 

its action in reducing the oxidative stress, inflammatory response and TNF-α. 
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4.7. Metabolic Effects 

4.7.1. In Gastrointestinal Tract. Functional gastrointestinal disorders are common 

clinical conditions, characterized by the presence of symptoms in the absence of 

organic, structural, or metabolic abnormalities [139]. Considering its antioxidant 

potential and its hydrophilic characteristic, the use of sericin in the gastrointestinal tract 

has been investigated. Sasaki et al. [61] supplemented the diet of rats with 3% of 

sericin for 12 days. The use of sericin caused an increased absorption of zinc (41%), 

iron (41%), magnesium (21%), and calcium ions (17%), improving the bioavailability of 

these elements; however, it does not change the serum concentration and urinary 

excretion of these elements analysed by the atomic absorption spectrophotometer. 

Despite its resistance to proteases [81], undigested sericin seems to increase the 

solubilisation of ions in the gastrointestinal tract by ion chelation with its hydroxyl and 

carboxyl groups, leading to increased availability and indicating potential use of sericin 

as a functional food [61]. 

Sasaki et al. [81] tested the sericin as a supplement in an animal model of 

constipation. In this study, the addition of 4% of sericin in the diet for 14 days did not 

alter body weight or food consumption but increased faecal water content, preventing 

constipation caused by atropine, agent that causes a reduction of acetylcholine release 

by the parasympathetic nervous system [140]. The ability of sericin to retain water as 

well as other unfermented fibres [141] may be indicated as being responsible for its 

role in the improvement of constipation. Still, sericin raised the dry faecal weight and 

the nitrogen content in faeces, indicating a lower protein digestion. The pattern of 

amino acids in the faeces was similar to the amino acid content of sericin and the 

apparent low digestibility of sericin was confirmed by the authors in an in vitro assay, 

since this was not digested by pepsin and pancreatin, indicating a potential for 

resistance to proteases related probably to its high serine content [81]. 

Okazaki et al. [79] supplemented the diet of rats with 40 g/kg of sericin for 3 

weeks to assess its effect on the intestinal lumen of mice fed with a high-fat diet. In this 

study, sericin increased the amount of immunoglobulin A (IgA) faecal in the colon, 

associated with lower risk of colon cancer and ulcerative colitis [142], and increased 

the wet weight of cecal digesta and presence of faecal mucins, especially acetate, 

which can be related to the reduction of low-density lipoproteins. The consumption of 

sericin did not alter the microflora and secondary bile acids, although it reduced faecal 

cholic acid content (primary bile acid). Accordingly, sericin can be considered a 

prebiotic, as it promotes colon health by modulating the immune response and the 

intestinal barrier function. 
 

4.7.2. In the Circulatory and Immune Systems. Bioactive peptides derived from dietary 

proteins are important in modulating physiological functions [143], and Onsa-ard et al. 

[55] demonstrated that sericin, particularly oligopeptides with less than 5 kDa, has 

hypotensive potential, promoting vasodilation and relaxation of smooth muscle of the 

artery wall, whose temporary effect is dose-dependent. The authors believe that the 

oligopeptides of the sericin can have an antagonistic action on calcium channels by 

blocking them, leading to muscle relaxation. Another mechanism involved is agonist 

interaction of oligopeptide with nitric oxide and prostacyclin, activating the way that 

promotes smooth muscle relaxation. Thus, evidence supports the indication of sericin 

as a vascular modulator. 
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The anticoagulant potential of sericin was investigated by Tamada et al. [144]. 

The authors sulphated the serine residue of sericin protein extracted from cocoons of 

B. mori using chlorosulfonic acid. They found that higher molecular fractions had higher 

anticoagulant activity, estimated to be 1/10 to 1/20 of heparin. Sano et al. [145] 

investigated as sulphated sericin might be involved with the coagulation cascade 

mechanisms to elucidate its anticoagulant mechanisms. The authors found that 

sulphated sericin interferes with fibril accumulation of fibrin, without delaying the initial 

polymerization process. 

Considering the regulatory role of dietary protein in the immune system [146], 

Keawkorn et al. [68] investigated the effect of sericin addition (4%) on mice diet for 20 

weeks. In this study, the consumption of sericin did not alter body weight, food intake, 

and blood cells count but reduced the percentage of CD8a and CD80 cells. CD8a is a 

surface marker of cytotoxic T cells and natural killer (NK), responsible for immune 

response in the elimination of tumour cells and viral infections [147]; and CD80 is 

related to antitumour immunity mediated by T cells [148]. The mechanism underlying 

the reduced CD8a and CD80 cells is unknown but is presumably related to amino 

acidic content of sericin. 

The effects of oligopeptide with molecular mass <5 kDa derived from sericin on 

NK cells activity was verified by Jantaruk et al. [149]. In vitro exposure of peripheral 

blood mononuclear cells to oligopeptide derived from sericin resulted in increased NK 

activity against K562 target cells, with a dose-dependent effect. The authors found that 

the effect on NK cells is indirect, due to induction of interleukin-2 (IL-2) and IFN-γ. In 

vivo, oral administration of oligopeptides derived from sericin in mice, also caused 

increased activity of NK cells and an increase in IL-2 concentrations. Thus, it is evident 

the possibility of application of oligopeptides derived from sericin in the treatment of 

tumours and infectious diseases. 

 

4.7.3. On Lipid Metabolism and Obesity. Obesity, a worldwide epidemic, is 

characterized by an excessive body fat increase, accompanied by a number of 

comorbidities [150]. Considering the difficulty in combining physical activity with 

improved eating habits [151], researches with potential therapeutic agents for obesity 

are gaining prominence [152]. In this regard, various studies point to the promising 

effects of sericin on lipid metabolism and obesity. 

Okazaki et al. [63] examined the effect of sericin on lipid and carbohydrate 

metabolism in mice fed with a high-fat diet. The addition of 4% of sericin on the diet for 

5 weeks did not alter body weight, food consumption, and fat weight but reduced serum 

concentrations of cholesterol, triglycerides, free fatty acids, phospholipids, very low-

density lipoproteins (VLDL), and low-density lipoprotein (LDL). Sericin also decreased 

triglycerides and lipogenic enzymes in the liver, increased the serum adiponectin 

(64%), and improved glucose tolerance. The authors suggest that the high serine con-

tent associated with low concentrations of methionine may be appointed as 

responsible for the hypolipidemic action of sericin. According to Verhoef et al. [153], 

serine supplementation attenuates the plasma homocysteine concentration induced 

by dietary methionine, and homocysteine is known to promote insulin resistance [154]. 

Thus, supplementation of sericin has a beneficial role in the metabolic syndrome 

conditions resulting from a high-fat diet. 
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Limpeanchob et al. [67] reported a reduction of non-HDL (high-density 

lipoprotein) cholesterol and total cholesterol in mice that received an oral solution of 

10, 100, or 1000 mg/kg of sericin for 14 days and no changes in triglycerides and HLD 

levels. The authors found that sericin reduces cholesterol absorption in the intestine in 

an in vitro model with differentiated Caco-2 cells, thus resulting in reduction of 

plasmatic cholesterol, probably due to the effect of sericin in inhibition of cholesterol 

absorption and its solubilisation into micelles. According to Morita et al. [155], there is 

a correlation between low methionine content, as shown by the sericin, and lowering 

cholesterol. Furthermore, the low digestibility of sericin [81] may influence the bowel 

function throughout its length, blocking the intestinal absorption of cholesterol. 

Ali and Arumugam Sarasa [80] used a crude extract of B. mori for 45 days in 

hyperlipidemia and atherosclerotic mice. The treatment improved the lipid profile and 

reduced the extent of atherosclerotic lesions, which, according to the authors, is due 

to sericin, who acted beneficially in the clinical condition studied, probably by its amino 

acid content. 

Seo et al. [156] investigated the effects of silk proteins supplementation (2%) of 

mice on high-fat diet for 6 weeks. The treated group with the highest proportion of 

sericin (50%) showed beneficial effects in combating hyperlipidemia and obesity, as 

reduced weight gain and weight of fats, and increased expression of enzymes involved 

in β-oxidation with concomitant reduction of lipogenic enzymes. Still, there was 

decrease of serum leptin, resistin, and TNF-α, adipokines related to inflammatory 

profile of obesity [157] and elevation in adiponectin, with antiatherosclerotic, anti-

inflammatory, and hepatoprotective function [158]. According to the authors, the overall 

improvement in plasma lipid profile and increase of cholesterol and triglyceride levels 

in stools are due to the low digestibility of sericin [81], which can act as a dietary fibre 

and accelerate faecal lipid excretion, reducing their plasmatic concentration. 
 

4.8. Tissue Engineering: Epithelial and Connective Tissue Repair. The tissue 

engineering normally uses biomaterials that are a suitable scaffold that possess the 

specific structure of the tissue it replaces and must be capable in turn of being replaced 

in time via the ingress of new cells [159, 160]. 

Teramoto et al. [161] show that only the addition of 10% alcohol in sericin 

solution forms a hydrogel, without necessity of crosslinking by chemicals or irradiation, 

indicating the sericin hydrogel as a natural biomaterial. Although your potential, pure 

sericin forms fragile films and is difficult to use as biomaterial in tissue engineering 

[162] and different strategies have been applied to increase the physical properties of 

sericin [98]. 

Mandal et al. [162] fabricated a sericin/gelatin blended 2D films and 3D scaffolds 

using sericin from A. mylitta cocoon and glutaraldehyde as crosslinking agent. The 

sericin/gelatin combination structure possessed uniform pore distribution and 

homogeneous morphology, improved mechanical strength, and have high swellability. 

In in vitro test, at where feline fibroblast cells (AH 927) were cultured, there were 

attachment and proliferation of the cells on sericin/gelatin blended 2D films and 3D 

scaffolds, which became toxic at higher concentrations of sericin. Nayak et al. [163] 

also studied a sericin membrane from A. mylitta cocoon crosslinking with 

glutaraldehyde and observed increase in physical properties, associated with a slow 
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enzymatic degradation and enhanced fibroblast cell attachment and viability. This 

result provides a perspective of sericin as biomaterial. 

Nayak et al. [164] constructed 3D porous sericin matrices using genipin as 

crosslinked and used chitosan matrices as control, with the objective of developing an 

effective tissue-engineered skin replacement. Histological analysis indicates a 

multilayered stratified epidermal layer of keratinocytes, demonstrating that sericin 

matrices form epidermal and dermal components in vitro. Presence of involucrin, 

collagen IV, and fibroblast surface protein can be observed, associated with no 

significant amount of proinflammatory cytokines (TNF-α, IL-1β, and nitric oxide) 

production in macrophages grown on the sericin matrices. The biostability and good 

biocompatibility indicate 3D sericin matrices as skin equivalent tissue in wound repair. 

A sericin/collagen membrane using glutaraldehyde as crosslinking was studied 

by Akturk et al. [165] and tested for your wound dressing potential. The membranes 

were not attacked by microorganisms and were biocompatible. Fibroblasts and 

keratinocytes attached the membranes, acquired your morphological characteristics, 

and proliferated. When implanted subcutaneously, the membrane was involved by a 

fibrous capsule and induced an acute inflammation before your complete degradation. 

The authors concluded that a sericin/collagen membrane had good mechanical and 

swelling properties, increased oxygen permeability and cellular attachment, and 

associated with antibacterial resistance, forming a potential alternative for wound 

dressing. 

Siritientong et al. [166] tested the clinical potential of an ethyl alcohol-

precipitated silk sericin/polyvinyl alcohol scaffold as a wound dressing, in comparison 

with Bactigras, a commercially available wound dressing. The sericin biomaterial 

possesses appropriate properties and it can be applied with safety and high efficacy 

compared to Bactigras. The clinical evaluation revealed no evidence of skin irritation, 

demonstrated accelerated healing, and reduced pain com-pared with wounds treated 

with Bactigras. 

Other researches also study the sericin as a biomaterial and its use in 

regenerative medicine, wound dressing, and tissue engineering [89, 167–170]. 

According to Lamboni et al. [98], the incorporation of sericin in skin repair and wound 

healing materials forms a potential biomaterial, whereby causing enhanced adhesion, 

migration, and growth of fibroblast and keratinocytes, increased collagen production, 

and promoted reepithelialization in skin wounds. 

Pure sericin films form a low profile of mechanical properties that impedes your 

utilization as bone tissue engineering; however, its mitogenic capacity can promote 

bone synthesis and induce the nucleation of bone-like hydroxyapatite (HA) [98]. Zhang 

et al. [171] prepared a HA/sericin composite film by mineralization of a flexible ethanol-

treated sericin film. The HA/sericin composite forms a 3D structure with poor 

crystallinity that present an excellent cell viability of human osteosarcoma MG-63 cells 

that grows in the direction of c-axis, similar to natural bone mineral. 

Nayak et al. [172] investigated the functionalization of metallic implant titanium 

that was immobilized with silk protein sericin (A. mylitta) using glutaraldehyde as 

crosslinked. The authors show that the surface modification with sericin enhances the 

osseointegration and osteoconduction, proved by the growth and proliferation of 

mouse MG-63 osteoblasts, increase of alkaline phosphatase and osteocalcin, and 

absence of TNF-α, IL-1β, and nitric oxide production by RAW 264.7 murine 
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macrophages and macrophage-osteoblast cells. Therefore, use of sericin is a 

promising strategy to influence the osseointegration of titanium implants and provides 

bone tissue engineering. 

Dinescu et al. [173] tested a 3D collagen-sericin scaffold combined with 10% 

hyaluronic acid and 5% chondroitin sulphate, which formed a porous and 

homogeneous structure, similar to that of cartilage extracellular matrix. The scaffolds 

allowed a rapid swelling and motility of human adipose-derived stem cells, forming a 

potential biomaterial for cartilage tissue engineering. In another study, Dinescu et al. 

[174] used a 3D collagen-sericin scaffold and cultured human adipose-derived stem 

cells that stimulated the biocompatibility, with increased cell adhesion and proliferation, 

and provided PPAR 2 overexpression, that upregulated expression of adipogenic 

markers, serving as a candidate for soft tissue reconstruction. 
 

4.9. Vehicle for Drug Delivery. An optimal effect of the drug is achieved when its 

release profile is both reliable and controlled and, eventually, a delivery system that is 

compatible and presents an adjustable morphology is necessary for that to occur, as 

the silk proteins [175]. Sericin can be used for drug delivery due to its chemical 

reactivity that enable the easy binding of other molecules and pH responsiveness, 

allowing the fabrication of small materials [98]. 

Wang et al. [176] fabricated a covalently crosslinked 3D pure sericin gel and 

observed that it is becoming an injectable material, promotes cell adhesion and long-

term survival, and possesses multiple physical and chemical properties that provides 

a sustained drug release ability, which can tailored and customized to different tissue 

repair applications, serving as a multifunctional platform for cell therapy. Zhang et al. 

[177] proved that sericin can improve the properties of alginate hydrogels and 

concluded that this association exhibits many advantages, in particular in mechanical 

property, degradation, photoluminescent property, and cell adhesion, besides 

supporting effective cell growth, long-term survival, and migration. This study indicates 

that the sericin/alginate hydrogels may serve as a versatile platform for delivering cells 

and drugs. The sericin may be used pure or conjugated with others polymers to 

produce matrices, particles, and hydrogels that improve the drug delivery capacity [98]. 

Nishida et al. [178] used different molecular sizes and concentrations of sericin 

to form film, gel, and sponge and tested your release properties of the charged protein 

fluorescein isothiocyanato-albumin. The major concentration of sericin determined an 

effective release of a charged drug protein, and the film form was the best releasing. 

In vivo test, using rats as model, shows that film and gel are encapsulated in collagen-

like material and have their size and weight decreased with the time. The drug 

remained for approximately 3 weeks in gel form and for more 6 weeks in the sericin 

film, and none form induced inflammation upon the implantation. Sericin forms are 

suitable for use as a drug-releasing biomaterial. 

Parisi et al. [179] used a sericin/poly (ethyl cyanoacrylate) nanosphere that was 

polymerized with fenofibrate, a lipophilic drug used as a lipid-regulating agent. The in 

vitro studies show an increase of 70% of absorbable amount of fenofibrate when 

incorporated into the synthesized nanoparticles, results that were confirmed in vivo, 

with an improved in plasmatic lipid levels and reduction in lipid accumulation in liver. 

So, sericin/poly (ethyl cyanoacrylate) nanospheres can be used as delivery system for 

poorly water-soluble drugs. 
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Zhang et al. [96] used silk sericin with molecular mass within 10–70 kDa and 

prepared sericin/insulin bioconjugates, obtained by crosslinking with glutaraldehyde. 

The half-life of sericin/insulin conjugates in vitro was 2.2 and 2.7 times more than 

bovine serum albumin/insulin conjugates and intact insulin, respectively, and your 

pharmacological activity in mice was over 4 times longer than that of the native insulin 

and not induced any antigenic response. The physicochemical and biological stability 

of insulin are improved with sericin conjugation. 

Besides the use of sericin to form bioconjugates and act as a drug delivery 

system, many authors have formulated microspheres, nanospheres, or particles with 

other composts with objective of improving the releasing of their own sericin, which 

has, by itself, great properties in biomedical application. Aramwit et al. [87] fabricated 

chitosan/sericin microspheres at different composition and observed that the prepared 

at 50/50 release sericin in the most sustained behaviour, probably due to the strong 

ionic interaction of the composts. The microspheres at any concentrations were not 

toxic to L929 mouse fibroblast cells and were continuously degraded and remained 

around 20% after 14 days, suggesting the chitosan/sericin microspheres as a wound 

dressing material to achieve the sustained release of sericin. Khampieng et al. [86] 

conjugated silk sericin with alginate nanoparticles, and the release profile of sericin 

exhibited initial rapid release, consequently with sustained release, and confirmed the 

hypothesis that this gel can inhibit inflammation induced by carrageenan. 
 

5. Conclusion 

 

Silk protein sericin is a natural polymer produced and secreted by the silk gland 

insect B. mori. Sericin is a water-soluble glycoprotein and comprises 25 to 30% of the 

cocoon weight; it is characterized by the presence of 18 amino acids, with strong polar 

side groups (hydroxyl, carboxyl, and amino groups) and high content of serine, aspartic 

acid, and glycine, resulting in a hydrophilic protein. Sericin is splicing alternative 

product of genes Ser1, Ser2, and Ser3, which provides a high molecular heterogeneity, 

20 to 400 kDa, and variation on amino acid molar percent. The physicochemical 

properties of sericin, which mainly depend on the method of sericin isolation and the 

lineages of the silkworm, affect its functional properties and make sericin a potential 

biocompatible material for biomedical applications. 
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Resumo: 

Este estudo investigou os efeitos da sericina extraída de casulos do bicho-da-seda, 

Bombyx mori, sobre a morfofisiologia de camundongos com obesidade induzida por 

dieta hiperlipídica. Para tanto, camundongos machos C57Bl6 com 9 semanas de 

idade foram distribuídos em dois grupos, CT (controle) e OB (obeso) que receberam 

ração padrão para roedores ou dieta hiperlipídica por 10 semanas, respectivamente. 

Constatada a instalação da obesidade, os animais foram redistribuídos em quatro 

grupos, com 7 animais cada: CT (controle); CT-S (controle + sericina); OB (obeso); e 

OB-S (obesos + sericina), que permaneceram recebendo ração padrão ou 

hiperlipídica por mais 4 semanas, período no qual a sericina foi administrada 

oralmente na dose de 1.000 mg/kg de massa corporal aos grupos CT-S e OB-S. 

Parâmetros fisiológicos como peso corporal, consumo alimentar, peso das fezes e 

determinação de lipídios fecais, motilidade intestinal e tolerância à glicose foram 

avaliados durante o experimento. A eutanásia foi realizada por exsanguinação e o 

plasma utilizado para dosagens bioquímicas (glicose, triglicerídeos, colesterol total, 

transaminases hepáticas). Amostras do tecido adiposo branco, fígado e jejuno foram 

coletadas e processadas para microscopia de luz. Fragmentos do fígado foram 

utilizados para a determinação de lipídios com posterior quantificação de colesterol e 

triglicerídeos hepáticos. Apesar do menor consumo alimentar os camundongos 

obesos apresentaram ganho de peso e acúmulo de gordura significativamente maior 

que os controles, com aumento do colesterol total e glicemia. Houve hipertrofia dos 

adipócitos retroperitoneais e periepididimais, instalação de esteatose hepática e 

aumento do colesterol e triglicerídeos no fígado, bem como alteração morfométrica da 

parede do jejuno. O tratamento com sericina normalizou a morfometria do jejuno e 

aumentou a quantidade de gordura eliminada nas fezes nos camundongos obesos. 

Concluímos que a sericina protege a parede jejunal, restabelecendo sua morfologia, 

e aumenta a eliminação de lipídios, configurando um tratamento potencial para a 

obesidade. 
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Abstract: 

This study investigated the effects of sericin extracted from cocoons of the silkworm, 

Bombyx mori, on morphophysiological aspects in mice with obesity induced by high-

fat diet. Therefore, C57Bl6 male mice, with 9 weeks age, were distributed in two 

groups, CT (Control) and OB (Obese) that received standard control diet or high-fat 

diet for 10 weeks, respectively. Verified the obesity’s development, the animals were 

distributed in four groups with seven animals each: CT (Control); CT-S (Control + 

Sericin); OB (Obese); and OB-S (Obese + Sericin), that remained receiving control diet 

or high fat diet for more four weeks, period in which sericin was orally given in dosage 

of 1.000 mg/kg body weight for CT-S and OB-S groups. Physiologic parameters, as 

weight gain, food consumption, faeces weight and analysis of faecal lipids, intestinal 

motility and glucose tolerance were monitored during the experimental period. 

Euthanasia was performed by exsanguination and the plasma used for biochemical 

dosages (glycemia, triglycerides, cholesterol, hepatic transaminases). Samples of 

white adipose tissue, liver and jejunum were collected and processed for light 

microscopy. Fragments of liver were used to lipid determination, with posterior 

triglycerides and cholesterol quantification. Despite the lower dietary intake, the obese 

mice presented significantly greater weight gain and fat accumulation than controls, 

with an increase in total cholesterol and glycemia. There was hypertrophy of the 

retroperitoneal and periepididimal adipocytes, development of hepatic steatosis and 

increase of cholesterol and triglycerides in the liver, as well morphometric alteration of 

the jejunum wall. Sericin treatment restored the jejunum morphometry and increased 

the amount of lipid eliminated in faeces of obese mice. We conclude that sericin 

protects the jejunal wall, restoring its morphology, and increases the lipids’ elimination, 

presenting a potential treatment for obesity. 
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1. INTRODUÇÃO 

A obesidade é caracterizada pelo aumento excessivo de gordura corporal, uma 

condição clínica crônica acompanhada por uma série de comorbidades [1,2]. A 

epidemia mundial de obesidade e suas complicações cardiometabólicas são 

diretamente impulsionadas pela ingesta excessiva de calorias, açúcar, sal e gordura, 

associada às atividades laborais e de entretenimento cada vez mais passivas [3]. 

O intestino delgado, cuja função é a absorção e o processamento metabólico 

eficiente dos nutrientes ingeridos [4,5], é o primeiro órgão exposto a energia derivada 

dos alimentos [6] e possui a capacidade de se adaptar funcional e morfologicamente 

em relação a quantidade e qualidade do alimento consumido [7,8]. Nos últimos anos 

vários estudos têm demonstrado que a obesidade induzida por dietas hiperlipídicas 

e/ou hipercalóricas, afeta a parede intestinal, com alterações na espessura da túnica 

muscular e na mucosa, com mudança na altura dos vilos, profundidade das criptas e 

na distribuição dos tipos celulares [5,7,9]. 

Além das células envolvidas na absorção e distribuição dos nutrientes, o 

epitélio do intestino delgado apresenta células enteroendócrinas que secretam 

moléculas sinalizadoras, como hormônios intestinais e citocinas pró e anti-

inflamatórias, que atuam no metabolismo do músculo estriado esquelético, tecido 

adiposo e fígado, órgãos diretamente envolvidos na homeostase corporal [4,10]. 

Neste sentido, somada as eventuais adaptações causadas no intestino delgado e no 

tecido adiposo, a obesidade por si só é um fator de risco para o desenvolvimento de 

outras patologias, como a doença hepática gordurosa não alcoólica (DHGNA), um 

conjunto de alterações oriundas do acúmulo de lipídios nos hepatócitos, que constitui 

a doença crônica mais comum do fígado [11,12,13].  
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Mudanças no estilo de vida, como melhora nos hábitos alimentares e prática 

de atividade física, são as principais alternativas para o tratamento da obesidade e 

DHGNA [12,14]. Porém, a capacidade individual de resposta frente a estas estratégias 

pode não ser suficiente [15]. 

Neste sentido, pesquisas de potenciais agentes terapêuticos naturais para a 

obesidade e suas comorbidades, com menos efeitos colaterais vem ganhando 

destaque [12,16]; como a do biopolímero da seda sericina, produzido pelo bicho-da-

seda, Bombyx mori (Lepidoptera, Bombycidae). Esta é uma proteína globular natural, 

altamente hidrofílica, com peso molecular de 20 a 400 kDa e que, em conjunto com a 

fibroína, forma o fio de seda [17]. As características físico-químicas da molécula lhe 

conferem diversas propriedades, como antioxidante, hidratante, cicatrizante, 

antibactericida, antimicrobiana, proteção contra radiação ultravioleta e antitumoral 

[17,18,19], que indicam ampla aplicabilidade biológica. 

Estudos evidenciaram que quando administrada concomitantemente à dieta 

hiperlipídica, a sericina apresenta efeito hipolipidêmico e melhora a tolerância à 

glicose [20]. Seo et al. [21] verificaram ainda que além da melhora do metabolismo 

lipídico, a adição de sericina à dieta aumenta a concentração de HDL (lipoproteína de 

alta densidade) e regula a produção de citocinas pelo tecido adiposo. Limpeanchob et 

al. [22] sugerem que a redução do colesterol pela sericina é resultado da inibição da 

absorção deste pelas células intestinais e pela diminuição da solubilidade do 

colesterol nas micelas lipídicas, ou ainda pode ser resultado da propriedade 

antioxidante da sericina [23]. 

Apesar do potencial efeito da sericina na prevenção da obesidade e suas 

comorbidades, por meio da melhora do perfil lipídico, não são estabelecidos na 

literatura seus efeitos como medida terapêutica. Assim, o presente estudo objetiva 



51 

 

investigar os efeitos da sericina sobre os parâmetros plasmáticos e morfologia 

adiposa, hepática e intestinal de camundongos com obesidade induzida por dieta 

hiperlipídica. 
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2. MATERIAIS E MÉTODOS 

 

Extração e determinação aminoacídica da sericina 

A sericina utilizada neste estudo foi obtida a partir de casulos de B. mori, 

cedidos pela indústria sericícola BRATAC Silk do Brasil (Londrina, Paraná, Brasil). Os 

casulos foram cortados em pedaços de aproximadamente 1 cm² e submetidos ao 

processo de extração da sericina com o uso de alta temperatura e pressão em 

autoclave (CS 30 – Prismatec, Itu, SP, Brasil), a 120°C e pressão de 1 kgf/cm2, por 60 

minutos. A extração ocorreu sem adição de produtos químicos, utilizando-se 6 g de 

casulo para cada 100 mL de água destilada. A fibroína foi separada utilizando-se uma 

peneira de 18 malhas, e a solução de sericina foi congelada (-20ºC) e posteriormente 

liofilizada (LT 1000 – Terroni Equipamentos Ltda, São Carlos, SP, Brasil), obtendo-se 

a sericina em pó. 

A determinação da composição de aminoácidos solúveis da sericina foi 

realizada por cromatografia líquida de ultra eficiência (UPLC) no Laboratório de 

Bioquímica e Biofísica do Instituto Butantan (São Paulo, SP, Brasil). Para tanto, uma 

alíquota de sericina (1 mg) foi submetida ao protocolo de dosagem proteica (técnica 

de BSA). Em seguida, foi realizada a hidrólise ácida das amostras (100 mg de sericina 

em 200 µL de HCL 6N, 37ºC por 18 horas), lavagem para retirada do HCL residual, 

diluição com água MilliQ e posterior evaporação. Amostras de 20 µL de sericina foram 

então injetados no sistema de cromatografia de UPLC para a obtenção do perfil 

cromatográfico. 
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Animais e dieta 

Todos os procedimentos utilizados seguiram as normas internacionais em 

experimentação animal e foram previamente aprovados pelo Comitê de Ética Animal 

da Universidade Estadual do Oeste do Paraná (Anexo 1). 

Foram utilizados camundongos machos da linhagem C57Bl/6, com 

aproximadamente 9 semanas de vida e peso de 26,9±2,2 g, mantidos em ambiente 

controlado com temperatura de 23-25ºC e ciclo claro-escuro de 12 horas. Após uma 

semana de aclimatação, foram divididos em dois grupos: controle (CT; n=14) que 

recebeu dieta padrão para roedores (Algomix®, Algomix Agroindustrial Ltda, Ouro 

Verde do Oeste, PR, Brasil) e água; e obeso (OB; n=14) que recebeu dieta 

hiperlipídica com composição energética de 57,2% de gordura e água. Após 10 

semanas de dieta, cada um dos grupos foi subdividido, formando quatro grupos 

experimentais, com 7 animais cada, submetidos ou não ao tratamento com sericina 

(S): CT e CT-S; OB e OB-S. Ao longo de todo o experimento, água e ração padrão ou 

hiperlipídica foram ofertados ab libitum. 

Os ingredientes utilizados na composição da dieta hiperlipídica foram 

adquiridos na indústria Prag Soluções (Jaú, São Paulo, Brasil). A ração foi preparada 

com a mistura dos componentes conforme quantidade prescrita (Tabela 1) e posterior 

organização em forma de pellets, que foram congelados (- 20ºC) e ofertados aos 

camundongos conforme a demanda. 
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Tabela 1: Composição da dieta hiperlipídica. 

PRODUTO QUANTIDADE PRESCRITA (g/kg) Kcal 

Amido de milho 300,7 1198 

Caseína 140,0 560 

Sacarose 120,0 480 

Óleo de soja 40,0 360 

Celulose microcristalina 50,0 0 

Mix mineral AIN 93 M 35,0 0 

Mix Vit AIN 93 10,0 40 

L Cistina 1,8 12 

Bitartarato de colina 2,5 0 

Banha 300,0 2700 

TOTAL 1000 g 5350 

Composição energética: 32,21% carboidratos; 10,6% proteínas; 57,2% lipídios. 

 

O tratamento com sericina iniciou-se nos grupos CT-S e OB-S após 10 

semanas das respectivas dietas e foi realizado diariamente, no mesmo horário, por 4 

semanas consecutivas, utilizando-se a dose de 1.000 mg/kg de peso corporal. A 

administração da proteína sericina foi feita por meio de gavagem, sendo a dose diária 

diluída em 300 μl de salina 0,9%. Os animais do grupo CT e OB foram gavados com 

300 μl de salina 0,9% pura, de forma que fossem submetidos ao mesmo procedimento 

do grupo tratado. 

 

Pesagem dos animais, controle alimentar e coleta das fezes 

Os animais foram pesados individualmente uma vez por semana por todo o 

período experimental para a determinação da evolução do peso corporal. Na última 

semana de experimento os animais foram alocados individualmente em gaiola 

metabólica por três períodos consecutivos de 12 horas, para a determinação do 

consumo alimentar, dado pela subtração do alimento ofertado pelo alimento residual 

após as 12 horas. Posteriormente, calculou-se a média do consumo nos três períodos 

analisados. Após os três períodos de permanência na gaiola metabólica, as fezes dos 
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animais foram coletadas, pesadas, congeladas e posteriormente utilizadas para a 

determinação da quantidade total de lipídios [24]. 

 

Teste de trânsito intestinal 

Quatro dias antes da eutanásia os animais foram submetidos ao teste de 

trânsito intestinal [25]. Para tanto, 300 µL do marcador (3 g de carmin em 50 mL de 

etilcelulose 0,5%) foram administrados por meio de gavagem em cada animal. Em 

seguida, os camundongos foram alocados em caixas individuais, e o tempo decorrido 

da administração do marcador até a eliminação do primeiro pellet fecal colorido 

(vermelho-róseo) foi verificado e anotado, correspondendo ao tempo de trânsito 

intestinal. 

 

Teste oral de tolerância à glicose 

Dois dias antes da eutanásia e após 8h de jejum, os animais foram submetidos 

ao teste oral de tolerância à glicose (oGTT). Os animais foram pesados e, em seguida, 

foi realizada a coleta de sangue pela cauda para obtenção da glicemia de jejum (tempo 

0) com auxílio de glicosímetro (Accu-Chek Active®, Roche Diagnóstica Brasil Ltda, 

São Paulo, Brasil). Após, os animais receberam glicose na concentração de 2 g/kg de 

massa corporal por meio de gavagem. A glicemia foi verificada aos 15, 30, 60 e 120 

min após a administração da glicose. A área abaixo da curva (AUC) foi calculada para 

cada camundongo usando o software GraphPad Prism 6.0. 

 

Dosagens Plasmáticas 

 Após jejum de 12 horas, os camundongos foram anestesiados 

intraperitonealmente com cloridrato de quetamina (100 mg/kg) e cloridrato de xilazina 
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(10 mg/kg) e eutanasiados por exsanguinação do plexo orbital com auxílio de um 

capilar heparinizado. Após a centrifugação (10000 rpm/10 minutos a 4ºC), o plasma 

foi retirado para dosagem de triglicerídeos e colesterol total por meio de kit comercial, 

seguindo as instruções do fabricante (Laborclin®, Bioliquid, PR, Brasil), bem como 

determinação de alanina aminotransferase (ALT) e aspartato aminotransferase (AST) 

de acordo com as instruções do fabricante (Analisa®, Gold Analisa Diagnóstica Ltda, 

Belo Horizonte, MG, Brasil). Uma gota de sangue foi utilizada para dosagem da 

glicemia, com o auxílio do glicosímetro (Accu-Chek Active®, Roche Diagnóstica Brasil 

Ltda, São Paulo, Brasil). 

 

Avaliação da obesidade 

Ao final das 14 semanas do período experimental, com aproximadamente 160 

dias de vida, os animais foram pesados e as gorduras retroperitoneal e periepididimal 

retiradas e pesadas, para determinação da instalação da obesidade. 

 

Estudos morfológicos  

Tecido adiposo branco 

 Amostras das gorduras retroperitoneal e periepididimal foram fixadas em 

paraformaldeído 4% em PBS (Tampão Fosfato Salina) por 24 horas, desidratadas em 

série crescente de álcool, diafanizadas em xilol e incluídas em parafina. Cortes de 5 

µm de espessura foram corados em hematoxilina e eosina (HE). Em seguida, com o 

auxílio do programa Image Pro Plus® 6.0 (Media Cybernetics, USA) foi mensurada a 

área de 100 adipócitos por tipo de gordura por animal, distribuídos em 10 pontos 

aleatórios por corte. 
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Fígado 

O fígado foi excisado da cavidade abdominal e pesado para determinação da 

sua massa. Em seguida, amostras do lóbulo direito do fígado foram coletadas e 

fixadas em paraformaldeído 4% em PBS por 24 horas, com posterior processamento 

para inclusão em parafina. Os cortes semi-seriados de 5 µm de espessura foram 

corados em HE, para análise da morfologia geral, e Tricrômico de Masson, para 

análise do tecido conjuntivo hepático. A determinação do grau de esteatose de 0 à 3 

foi adaptada de Kleiner et al. [26], sendo: grau 0 – até 5%; grau 1 – 5 à 33%; grau 2 – 

33 à 66%; e grau 3 – acima de 66%; sendo realizada avaliação duplo-cega. 

 

Jejuno 

 O intestino delgado foi completamente estendido e mensurado quanto ao seu 

comprimento total. Em seguida, amostras do jejuno foram abertas na borda 

mesentérica, fixadas em paraformaldeído 4% em PBS e seguiram o procedimento 

histológico de rotina para inclusão em parafina. Os cortes semi-seriados de 6 µm de 

espessura foram corados com HE, para análise morfológica e morfométrica, e método 

histoquímico de Ácido Periódico de Schiff (PAS) para evidenciação das células 

caliciformes. 

 As análises morfométricas do jejuno foram realizadas no programa Image Pro 

Plus® 6.0 (Media Cybernetics, USA) previamente calibrado. No aumento de 200x 

foram mensuradas a espessura total da parede intestinal e a altura do vilo, em 10 

pontos aleatórios por corte, separados entre si por 30 µm, perfazendo 50 

mensurações por animal. Já no aumento de 400x, foram mensuradas a espessura da 

túnica muscular, a profundidade da cripta e a largura do vilo, sendo realizadas 50 

mensurações por animal para cada análise. 
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As células caliciformes foram quantificadas no vilo. Para tanto, o número de 

células caliciformes de um lado do vilo e o número total de células do mesmo lado do 

vilo foram contadas até um total de aproximadamente 1.500 células por animal. Assim, 

a porcentagem de células caliciformes foi calculada como o total de caliciformes 

corrigido pelo total de células contadas. 

 

Determinação de lipídios hepáticos 

Fragmentos de aproximadamente 500 mg de fígado por animal foram coletados 

e imediatamente congelados. Posteriormente, os lipídios hepáticos foram extraídos 

segundo o protocolo de Folch, Lees e Sloane Stanley [24], com posterior 

determinação do colesterol e triglicerídeos, com os mesmos kits utilizados na 

determinação plasmática. 

 

Análise estatística 

Os resultados foram expressos em média ǂ erro padrão da média e analisados 

no programa GraphPad Prism 6.0 (GraphPad Software Inc, La Jolla, CA). Após 

constatada a normalidade dos dados por meio do teste de Shapiro Wilk, foi utilizado o 

teste Anova Two Way com pós teste de Tukey, adotando-se p<0,05 como 

estatisticamente significativo. 
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3. RESULTADOS  

 

Composição de aminoácidos da sericina 

 A análise em UPLC confirmou a presença de 17 aminoácidos na sericina, com 

maior percentual de serina, glicina e ácido aspártico, conforme descrição na Tabela 

2. 

 

Tabela 2: Composição aminoacídica da sericina. 

 

 

 

 

 

 

 

 

 

AMINOÁCIDO PERCENTUAL MOLAR 

Ácido aspártico 14,5 

Ácido glutâmico 4,85 

Serina 30,37 

Glicina 27,16 

Histidina 2,31 

Arginina 2,55 

Treonina 1,97 

Alanina 0,73 

Prolina 2,61 

Tirosina 2,89 

Valina 1,47 

Metionina 0,19 

Cisteína 0,84 

Isoleucina 0,81 

Leucina 2,54 

Fenilalanina 0,17 

Lisina 4,04 
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Evolução do peso corporal 

A partir da segunda semana de experimento, a ingestão de dieta hiperlipídica 

favoreceu o aumento estatisticamente significativo do peso corporal em relação aos 

animais que receberam ração padrão, resultado que se manteve ao longo das 14 

semanas de experimento (Fig 1A). A oferta de ração hiperlipídica causa uma ingesta 

significativamente menor (p<0,0001) comparada a ração padrão (Fig 1B), 

demonstrando que o consumo de lipídios promove o aumento de peso corporal e da 

adiposidade, como pode ser constatado pelas imagens da cavidade abdominal dos 

animais (Fig 1C).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. Gráficos da evolução do peso corporal (A) e consumo alimentar (B), e fotografias da 
cavidade abdominal aberta de camudongos C57Bl6 (C). Camundongos distribuídos em quatro 
grupos: CT (controle), CT-S (controle-sericina), OB (obeso) e OB-S (obeso-sericina). Resultados 
expressos em média ± erro padrão da média (n=7/grupo). * p<0,05 em relação ao CT e CT-S. Anova 
Two Way e pós-teste de Tukey. 

A B 

C 

CT CT-S OB OB-S 
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Teste de trânsito intestinal, peso das fezes e total de lipídios 

A obesidade induzida por ração hiperlipídica e o tratamento com sericina não 

alteraram o tempo de trânsito intestinal dos animais (Fig 2A); entretanto, o volume 

total de fezes foi estatisticamente menor nos animais que receberam dieta 

hiperlipídica (p<0,0001), o que está diretamente relacionado ao menor consumo 

alimentar observado nestes grupos, independente do tratamento com sericina (Fig 

2B). Ainda, nos animais obesos tratados com sericina (OB-S) houve aumento na 

quantidade total de lipídios fecais em comparação com as fezes dos animais 

alimentados com ração padrão (p<0,0018) (Fig 2C). 

 

 

 

 

 

 

 

 

 

 

 

Teste oral de tolerância a glicose 

Na figura 3A verifica-se que no oGTT houve pico glicêmico aos 15 minutos para 

os animais de todos os grupos, com redução gradual da glicemia ao longo do teste e 

normalização aos 120 minutos. A AUC da glicemia não foi estatisticamente diferente 

nos grupos estudados (Fig 3B). 

 

Fig 2. Análise do trânsito intestinal e parâmetros fecais. Teste de trânsito intestinal (A), peso das 
fezes (B), quantidade total de lipídios fecais (C). Camundongos distribuídos em quatro grupos: CT 
(controle), CT-S (controle-sericina), OB (obeso) e OB-S (obeso-sericina). Resultados expressos em 
média ± erro padrão da média (n=7/grupo). * p<0,05 em relação ao CT e CT-S. Anova Two Way e 
pós-teste de Tukey. 

B A C 
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Validação do modelo de obesidade  

As variáveis que podem caracterizar a instalação da obesidade são 

apresentadas na tabela 3. O peso corporal final (p<0,0001), peso da carcaça 

(p<0,0001) e acúmulo de gordura retroperitoneal (p<0,0001) e periepididimal 

(p<0,0001) foram influenciados somente pelo consumo de dieta hiperlipídica, 

indicando a instalação da obesidade, sendo que o tratamento com sericina não 

influenciou esses parâmetros. 

 

Tabela 3: Peso corporal, peso da carcaça, porcentagem de gordura retroperitoneal e periepididimal 

dos camundongos CT, CT-S, OB e OB-S. 

 CT CT-S OB OB-S 

Peso corporal final (g) 27,3±0,8 27,3±0,6 35,2±1,4 *ǂ 34,7±1,2 *ǂ 

Peso da carcaça (g) 19,9±0,7 20,3±0,6 25,6±1,2 *ǂ 25,1±1,0 *ǂ 

Gordura Retroperitoneal  
(% peso corporal) 

0,26±0,04 0,37±0,08 2,06±0,29 *ǂ 1,98±0,21 *ǂ 

Gordura Periepididimal  
(% peso corporal) 

0,72±0,06 0,82±0,09 3,92±0,29 *ǂ 3,66±0,50 *ǂ 

CT- grupo controle; CT-S – grupo controle tratado com sericina; OB – grupo obeso; OB-S – grupo obeso tratado 

com sericina. Valores expressos como média ± erro padrão da média, n=7 por grupo. Anova Two Way e pós-teste 

de Tukey. 

* = diferença estatisticamente significativa em relação ao CT. 

ǂ= diferença estatisticamente significativa em relação ao CT-S. 

 

A B 

Fig 3. Resultado do teste oral de tolerância à glicose. Valores de glicemia durante o teste oral de 
tolerância à glicose (GTT) (A), área abaixo da curva (AUC) do GTT (B). Camundongos distribuídos 
em quatro grupos: CT (controle), CT-S (controle-sericina), OB (obeso) e OB-S (obeso-sericina). 
Resultados expressos em média ± erro padrão da média (n=7/grupo). Anova Two Way e pós-teste de 
Tukey. 
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Parâmetros plasmáticos 

As concentrações plasmáticas de glicose e colesterol total também foram 

influenciadas pelo consumo de dieta hiperlipídica, com aumento estatisticamente 

significativo (p<0,0001) nos animais obesos em relação aos controles, sendo que o 

tratamento com sericina não influenciou esses parâmetros. Triglicerídeos e AST 

plasmáticas não diferiram entre os grupos, enquanto a concentração de ALT foi maior 

nos animais obesos (p<0,0023) quando comparada aos animais que receberam ração 

padrão (Tabela 4). 

 

Tabela 4: Parâmetros plasmáticos: glicose, colesterol total, triglicerídeos, ALT e AST dos camundongos 

CT, CT-S, OB e OB-S. 

 CT CT-S OB OB-S 

Glicose (mg/dL) 104,7±3,5 109,9±5,6 155,0±7,9 *ǂ 153,0±9,4 *ǂ 

Colesterol (mg/dL) 81,7±5,5 83,8±3,2 115,7±8,2 *ǂ 127,0±7,2 *ǂ 

Triglicerídeos (mg/dL) 55,4±6,7 58,1±3,0 55,6±4,0 50,7±2,4 

ALT (U/l) 13,9±2,7 15,0±1,2 29,1±3,8 *ǂ 30,2±6,3 *ǂ 

AST (U/l) 36,0±4,0 34,4±4,6 41,6±6,8 37,9±4,9 

ALT- alanina aminotransferase; AST- aspartato aminotransferase; CT- grupo controle; CT-S – grupo controle 

tratado com sericina; OB – grupo obeso; OB-S – grupo obeso tratado com sericina. Valores expressos como média 

± erro padrão da média, n=7 por grupo. Anova Two Way e pós-teste de Tukey. 

* = diferença estatisticamente significativa em relação ao CT. 

ǂ= diferença estatisticamente significativa em relação ao CT-S. 

 

 

Morfologia do tecido adiposo 

A área do adipócito dos depósitos de gordura retroperitoneal e periepididimal 

foi estatisticamente maior (p<0,0001) nos animais obesos em relação aos animais 

alimentados com ração padrão (Fig 4A e 4B). Apesar da discreta redução na área dos 

adipócitos no grupo OB-S, o tratamento com sericina não interferiu significativamente 

neste parâmetro (Fig 4C e 4D). 
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Morfologia e análise de lipídios hepáticos 

 Não houve diferença estatística quanto ao peso do fígado entre os grupos 

estudados (Fig 5A). A análise de lipídios hepáticos indicou maior quantidade de 

colesterol (p<0,0001) e triglicerídeos (p<0,0001) nos animais obesos em relação aos 

animais controles (Fig 5B e 5C). Nos camundongos dos grupos CT e CT-S não foi 

verificada a presença de esteatose hepática, sendo os animais classificados como 

grau 0. Nos grupos OB e OB-S foi constatada a presença de esteatose, com variação 

dos graus obtidos na classificação. No grupo OB, todos os animais apresentaram 

esteatose, com maior prevalência nos graus 2 e 3. Já no grupo OB-S, com exceção 

de um camundongo que não apresentou esteatose, os demais apresentaram 

esteatose hepática nos graus 1, 2 e 3 (Fig 5D). Nos grupos OB e OB-S, além da 

Fig 4. Morfometria e morfologia do tecido adiposo. Área dos adipócitos retroperitoneais (A) e 
periepididimais (B); fotomicrografias do tecido adiposo retroperitoneal (C) e periepididimal (D) de 
camundongos, coloração com hematoxilina e eosina. Camundongos distribuídos em quatro grupos: 
CT (controle), CT-S (controle-sericina), OB (obeso) e OB-S (obeso-sericina). Resultados expressos 
em média ± erro padrão da média (n=7/grupo). * p<0,05 em relação ao CT e CT-S. Anova Two Way e 
pós-teste de Tukey. 
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presença de vesículas adiposas (Fig 5E), em alguns animais o citoplasma dos 

hepatócitos se mostrou em aspecto de balão, com eventual formação de sincício entre 

células adjacentes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Morfometria intestinal 

O consumo de dieta hiperlipídica alterou alguns parâmetros da morfometria 

intestinal, apresentados na tabela 5. O comprimento do intestino delgado foi menor 

nos animais obesos (p<0,0001) em relação aos camundongos que receberam ração 

padrão. A altura do vilo foi estatisticamente maior no grupo OB (p<0,005; p<0,047), 

enquanto houve redução da espessura da camada muscular (p<0,0119; p<0,0212) 

 GRAUS DE ESTEATOSE HEPÁTICA 

  

GRUPOS 0 1 2 3 

CT 
7  

(100%) 
-- -- -- 

CT-S 
7  

(100%) 
-- -- -- 

OB -- 
1  

(14,3%) 
3  

(42,9%) 
3 

(42,9%) 

OB-S 
1 

(14,3%) 
1  

(14,3%) 
2  

(28,6%) 
3  

(42,9%) 

Fig 5. Morfologia hepática e análise lipídica do fígado. Peso do fígado (A); análise do colesterol 
(B) e triglicerídeos (C) hepáticos; classificação de esteatose hepática (D); fotomicrografias do fígado 
de camundongos, coloração com hematoxilina e eosina (E). Camundongos distribuídos em quatro 
grupos: CT (controle), CT-S (controle-sericina), OB (obeso) e OB-S (obeso-sericina). Resultados 
expressos em média ± erro parão da média (n=7/grupo). * p<0,05 em relação ao CT e CT-S. Anova 
Two Way e pós-teste de Tukey. 

CT CT-S 

OB OB-S 

A 

B 

C 

E 

D 
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dos animais do grupo OB em relação ao CT e CT-S, respectivamente. Ainda, houve 

diminuição na profundidade da cripta nos animais OB comparado ao CT (p<0,043). 

As alterações promovidas pelo consumo de dieta hiperlipídica foram revertidas pelo 

tratamento com sericina no grupo OB-S. A altura total da parede intestinal, largura do 

vilo e índice de células caliciformes não diferiu entre os grupos estudados. 

 

Tabela 5: Morfometria intestinal: comprimento do intestino delgado, espessura total da parede intestinal 

e do vilo, profundidade da cripta, largura do vilo, espessura da túnica muscular e percentual de células 

caliciformes do jejuno de camundongos CT, CT-S, OB e OB-S. 

CT- grupo controle; CT-S – grupo controle tratado com sericina; OB – grupo obeso; OB-S – grupo obeso tratado 

com sericina. Valores expressos como média ± erro padrão da média, n=7 por grupo. Anova Two Way e pós-teste 

de Tukey. 

* = diferença estatisticamente significativa em relação ao CT. 

ǂ = diferença estatisticamente significativa em relação ao CT-S. 

 

 

 

 

 

 

 

 

 

 

 CT CT-S OB OB-S 

Comprimento do intestino 
delgado (cm) 

39,7±0,9 39,9±0,6 33,1±0,9 *ǂ 33,8±0,9 *ǂ 

Espessura total da parede 
intestinal (µm) 

496,4±17,9 504,7±24,0 558,7±30,6 513,0±17,7 

Altura do vilo (µm) 306,0±19,9 327,9±13,6 390,2±18,8 *ǂ 356,4±8,4 

Profundidade da cripta (µm) 96,2±3,0 90,2±4,0 78,5±5,6 * 84,2±4,7 

Largura do vilo (µm) 94,0±2,3 95,5±2,5 91,0±1,2 90,5±1,6 

Espessura da túnica 
muscular (µm) 

51,1±3,6 50,1±3,87 37,2±1,6 *ǂ 41,1±1,9 

Células caliciformes (%) 5,0±0,3 4,7±0,3 4,4±0,3 4,2±0,3 
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4. DISCUSSÃO 

A fisiopatologia da obesidade pode ser estudada experimentalmente, sendo o 

camundongo C57Bl/6 um modelo animal suscetível ao desenvolvimento de obesidade 

induzida por dieta [27,28]. Constatamos que que apesar da menor ingesta, a dieta 

hiperlipídica foi eficaz na indução da obesidade, constatado pelo aumento do peso 

corporal, acúmulo de gordura e maior concentração plasmática de colesterol e glicose 

nos camundongos. Esses dados estão de acordo com a literatura atual [29,30,31,32], 

onde o aumento do consumo energético promove maior ganho de peso, confirmando 

que as dietas ricas em lipídios saturados, como a usada neste estudo, induzem 

obesidade [33,34]. 

Apesar do maior consumo de lipídios provenientes da dieta hiperlipídica, não 

houve aumento na concentração plasmática de triglicerídeos nos animais obesos. 

Resultados similares foram encontrados por Dixon et al. [30], Sung et al. [31] e Pang 

et al. [32] em camundongos alimentados com dieta hiperlipídica e por Lee et al. [29] 

em ratos. Provavelmente a concentração sérica de triglicerídeos não tenha se alterado 

devido ao redirecionamento dessas moléculas para outros tecidos. Os lipídios 

disponíveis no lúmen do intestino delgado são rapidamente processados e 

degradados em ácidos graxos livres e glicerol, absorvidos pelos enterócitos, 

reesterificados em triglicerídeos e organizados em quilomícrons, sendo transportados 

então para tecidos periféricos, principalmente o tecido adiposo, onde são 

armazenados [35,36]. Assim, o excesso de triglicerídeos é redirecionado para o tecido 

adiposo branco, que possui a capacidade de se expandir em resposta ao aumento do 

consumo energético, situação na qual pode haver hipertrofia ou hiperplasia dos 

adipócitos [37]. Constatamos o aumento da massa de gordura depositada nas regiões 

retroperitoneal e periepididimal, bem como aumento na área dos adipócitos dos 



68 

 

animais obesos. De acordo com Rosen e Spigelman [38] e Konigea, Wanga e Sztalryd 

[39], o excesso de armazenamento de lipídios na forma de triglicerídeos nos 

adipócitos, pode causar hipertrofia e alterações na homeostase celular, como hipóxia, 

infiltração de macrófagos, fibrose e resistência à insulina no tecido adiposo, condições 

que podem culminar na síndrome metabólica. 

Partículas remanescentes de gordura são removidas da circulação pelo fígado 

[36], que passa a acumular quantidades significativas de lipídios em indivíduos 

obesos, caracterizando a DHGNA [13]. Verificamos que houve aumento da 

quantidade de triglicerídeos e colesterol hepáticos, bem como o acúmulo de gordura 

na forma de vesículas no fígado dos camundongos obesos. Segundo Sung et al [31], 

o aparecimento de vesículas brancas na coloração em HE do fígado comprova a 

esteatose hepática, condição morfológica também evidenciada em camundongos [30] 

e em ratos [23]. A análise bioquímica revelou aumento na concentração sérica de ALT 

nos camundongos obesos, embora estudos recentes difiram quanto ao efeito da 

obesidade sobre as transaminases hepáticas. Sung et al. [31] não verificaram 

alterações nas concentrações das transaminases, enquanto Choi et al. [40] não 

verificaram mudanças na concentração de ALT e Pang et al. [32] só observou aumento 

de AST nos camundongos obesos por dieta hiperlipídica. Abd El-Kader e El-Den 

Ashmawy [13] ressaltam que as enzimas hepáticas podem estar normais ou 

minimamente alteradas na DHGNA. 

Além de seu papel essencial na digestão e absorção dos nutrientes, o intestino 

delgado pode rapidamente alterar seu metabolismo em resposta ao maior conteúdo 

luminal de lipídios [6] e, assim, sofrer alterações na microbiota, nos hormônios e na 

mucosa intestinal, que estariam relacionadas com a progressão da síndrome 

metabólica em outros órgãos [41,42]. A oferta de dieta hiperlipídica promoveu a 
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redução no comprimento do intestino delgado, aumento na altura dos vilos associada 

à diminuição da profundidade da cripta e espessura da túnica muscular no jejuno dos 

animais estudados. Com exceção da espessura da túnica muscular, resultados 

morfométricos similares foram encontrados por Soares et al. [9] em seu estudo com 

camundongos Swiss alimentados com dieta hiperlipídica por 8 semanas. Como o 

consumo alimentar dos animais obesos foi menor, as alterações na mucosa não 

podem ser relacionadas à hiperfagia, como proposto por Mao et al. [7] e sim ao tipo 

de alimento, como já sugerido por Scoaris et al. [5]. A maior área de absorção intestinal 

promovida pelo aumento da altura do vilo [7] provavelmente resultou no ganho de 

peso dos animais obesos. Segundo Vrabcova et al. [43] dietas de consistência mais 

líquida, como a hiperlipídica, podem não alterar a morfologia da cripta ao mesmo 

tempo em que promovem redução da espessura da túnica muscular, como verificado 

no presente estudo, devido a provável diminuição da motilidade do trato 

gastrointestinal. Evidências experimentais têm demonstrado que dietas hiperlipídicas 

podem ainda causar perda neuronal no plexo mioentérico [44,45,46], promovendo 

redução da espessura muscular e consequentemente reduzir a motilidade intestinal. 

Apesar da aparente redução do peristaltismo necessário a digestão e absorção da 

dieta hiperlipídica, o tempo de trânsito intestinal e o índice de células caliciformes, 

produtoras de muco para a proteção e lubrificação do epitélio intestinal [5], não foram 

diferentes entre os grupos estudados, demonstrando que não houve alteração na 

função. 

A sericina utilizada no presente estudo foi extraída de casulos de B. mori com 

o uso de alta temperatura e pressão em autoclave, sem utilização de qualquer aditivo 

químico, obtendo-se um produto final sem nenhuma impureza [23], e composto por 

17 aminoácidos, sendo que serina, glicina e ácido aspártico correspondem a mais de 
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72% da proteína. Composição aminoacídica semelhante foi descrita anteriormente 

[18,20,22], confirmando a característica hidrofílica da sericina. Quando administrada 

aos camundongos do grupo CT-S a proteína não promoveu nenhuma alteração 

plasmática ou morfológica nos tecidos analisados, confirmando o uso seguro para 

consumo [21,47]. 

Apesar de não ter revertido as alterações plasmáticas e biométricas 

promovidas pela obesidade induzida por dieta hiperlipídica, o tratamento com sericina 

restaurou a morfometria intestinal. Segundo Sasaki et al. [47] a sericina é uma proteína 

de baixa digestibilidade, que pode permanecer por maior tempo no lúmen intestinal 

[48]. Assim, as alterações promovidas pelo acúmulo de lipídios são revertidas pela 

presença de sericina que está em contato com a mucosa intestinal. Além disso, 

verificamos que o tratamento com sericina promoveu maior excreção de lipídios nas 

fezes. Resultado similar foi encontrado previamente [21], utilizando quantidades 

equivalentes de sericina e fibroína em camundongos alimentados com dieta 

hiperlipídica. Segundo Limpeanchob et al. [22], a sericina reduz a absorção de 

colesterol em células Caco-2, bem como sua solubilização em micelas, promovendo 

a diminuição da concentração plasmática de colesterol. Assim, a presença de sericina 

no lúmen do intestino delgado parece interferir na absorção dos lipídios da dieta, que 

são então eliminados em maior quantidade nas fezes. 

Outros estudos verificaram que o consumo de sericina pode exercer um efeito 

protetor às alterações metabólicas promovidas por dietas obesogênicas. Dentre os 

efeitos podem ser destacados a inibição do ganho de peso e acúmulo de massa 

adiposa, melhora do perfil lipídico plasmático e da tolerância à glicose, redução da 

concentração de mediadores inflamatórios (leptina, resistina e TNF-α) e aumento de 

adiponectina, bem como diminuição da atividade de enzimas lipogênicas no tecido 
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adiposo e hepático, associado ao aumento da β-oxidação no fígado [20,21]. 

Recentemente, em um estudo com ratos com hipercolesterolemia e hiperglicemia 

induzidas, a sericina reduziu o colesterol plasmático e reverteu os danos mitocondriais 

no coração e fígado. Ainda, atenuou a esteatose hepática ao mesmo tempo em que 

diminuiu o estresse oxidativo no órgão, características que podem ser associadas a 

propriedade antioxidante da sericina [23]. 

Este é o primeiro estudo que utilizou o biopolímero proteico sericina como 

medida terapêutica na condição de obesidade induzida por uma dieta que reproduz o 

estilo ocidental. Considerando que algumas alterações promovidas pela dieta 

hiperlipídica foram revertidas pelo uso de sericina por quatro semanas, sugerimos que 

maior tempo de tratamento possa revelar resultados mais significativos, de forma a 

utilizar a sericina no tratamento para a obesidade. 
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5. CONCLUSÃO 

O consumo de dieta hiperlipídica foi responsável pela instalação da obesidade, 

caracterizada por alterações biométricas e plasmáticas nos camundongos, que não 

foram revertidas pelo tratamento. O tratamento com sericina na dose de 1.000 mg/kg 

de peso corporal promoveu maior eliminação de lipídios fecais, bem como 

restabeleceu a morfometria da parede jejunal nos camundongos obesos. 

 

AGRADECIMENTOS 

Ao programa de pós-graduação em Ciências Biológicas da Universidade 

Estadual de Maringá e a Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior (Capes) pelo auxílio financeiro. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



73 

 

6. REFERÊNCIAS 

1. Wilding JPH. Pathophysiology and aetilogy of obesity. Medicine. 2011;39(1): 6-10. 

doi: http://dx.doi.org/10.1016/j.mpmed.2010.10.002 

 

2. Harper JW, Zisman TL. Interaction of obesity and inflammatory bowel disease. 

World J Gastroenterol. 2016;22(35): 7868-7881. doi:  10.3748/wjg.v22.i35.7868 

 

3. Lopes HF, Correa-Giannella ML, Consolim-Colombo FM, Egan BM. Visceral 

adiposity syndrome. Diabetol Metab Syndr. 2016;8(40). doi: 10.1186/s13098-016-

0156-2 

 

4. de Wit NJW, Bosch-Vermeulen H, de Groot PJ, Hooiveld GJEJ, Bromhaar MMG, 

Müller JJM, et al. The role of the small intestine in the development of dietary fat-

induced obesity and insulin resistance in C57BL/6J mice. BCM Med Genomics. 

2008;1(14). doi: 10.1186/1755-8794-1-14 

 

5. Scoaris CR, Rizo GV, Roldi LP, de Moraes SMF, de Proença ARG, Peralta RM, et 

al. Effects of cafeteria diet on the jejunum in sedentary and physically trained rats. 

Nutrition. 2010;26(3): 312-320. doi: 10.1016/j.nut.2009.04.012 

 

6. Clara R, Schumacher M, Ramachandran D, Fedele S, Krieger JP, Langhans W, et 

al. Metabolic adaptation of the small intestine to short- and medium-term high-fat diet 

exposure. J Cell Physiol. 2017;232(1): 167-175. doi: 10.1002/jcp.25402 

 

7. Mao J, Hu X, Xiao Y, Yang C, Ding Y, Hou N, et al. Overnutrition stimulates intestinal 

epithelium proliferation through β-catenin signaling in obese mice. Diabetes. 

2013;62(11): 3736-2746. doi: 10.2337/db13-0035 

 

8. Dailey MJ. Nutrient-induced intestinal adaption and its effects in obesity. Physiol 

Behav. 2014;136: 74-78. doi: 10.1016/j.physbeh.2014.03.026 

 

http://dx.doi.org/10.1016/j.mpmed.2010.10.002
https://dx.doi.org/10.3748%2Fwjg.v22.i35.7868
https://dx.doi.org/10.1186/s13098-016-0156-2
https://dx.doi.org/10.1186/s13098-016-0156-2
https://dx.doi.org/10.1186%2F1755-8794-1-14
https://dx.doi.org/10.1016/j.nut.2009.04.012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clara%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27061934
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schumacher%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27061934
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramachandran%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27061934
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fedele%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27061934
https://www.ncbi.nlm.nih.gov/pubmed/?term=Langhans%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27061934
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mansouri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27061934
https://dx.doi.org/10.1002/jcp.25402
https://dx.doi.org/10.2337/db13-0035
https://dx.doi.org/10.1016/j.physbeh.2014.03.026


74 

 

9. Soares A, Beraldi EJ, Ferreira PE, Bazotte RB, Buttow NC, Intestinal and neuronal 

myenteric adaptations in the small intestine induced by a high-fat diet in mice, BMC 

Gastroenterol. 2015;15(3). doi: 10.1186/s12876-015-0228-z 

 

10. Beuling E, Baffour-Awuah NY, Stapleton KA, Aronson BE, Noah TK, Shroyer NF, 

et al. GATA factors regulate proliferation, differentiation, and gene expression in small 

intestine of mature mice. Gastroenterology. 2011;140(4): 1219-1229. doi: 

10.1053/j.gastro.2011.01.033 

 

11. Koo S-H. Nonalcoholic fatty liver disease: molecular mechanisms for the hepatic 

steatosis. Clin Mol Hepatol. 2013;19(3): 210-215. doi: 10.3350/cmh.2013.19.3.210 

 

12. Hernandez-Rodas MC, Valenzuela R, Videla LA. Relevant aspects of nutritional 

and dietary interventions in non-alcoholic fatty liver disease. Int J Mol Sci. 2015;16(10): 

25168-25198. doi: 10.3390/ijms161025168 

 

13. Abd El-Kader SM, El-Den Ashmawy EM. Non-alcoholic fatty liver disease: the 

diagnose and mangement. World J Hepatol. 2015;7(6): 846-858. doi: 

10.4254/wjh.v7.i6.846 

 

14. Chin SH, Kahathuduwa CN, Binks M. Physical activity and obesity: what we know 

and what we need to know. Obes Rev. 2016;17(12): 1226-1244. doi: 

10.1111/obr.12460 

 

15. Phillips CM. Metabolically healthy obesity across the life course: epidemiology, 

determinants, and implications. Ann N Y Acad Sci. 2016. doi: 10.1111/nyas.13230 

 

16.  Yoo SR, Lee MY, Kang BK, Shin HK, Jeong SJ. Soshiho-tang aqueous extract 

exerts antiobesity effects in high fat diet-fed mice and inhibits adipogenesis in 3T3-L1 

adipocytes. Evid Based Complement Alternat Med. 2016;2016:2628901. doi: 

http://dx.doi.org/10.1155/2016/2628901 

 

17. Mondal M, Trivedy K, Kumar SN. The silk proteins, sericin and fibroin in silkworm, 

Bombyx mori Linn., - a review. Caspian J Env Sci. 2007;5(2): 63-76. 

https://dx.doi.org/10.1186/s12876-015-0228-z
https://dx.doi.org/10.1053/j.gastro.2011.01.033
https://dx.doi.org/10.3350/cmh.2013.19.3.210
https://dx.doi.org/10.3390/ijms161025168
https://dx.doi.org/10.4254/wjh.v7.i6.846
https://dx.doi.org/10.1111/obr.12460
https://dx.doi.org/10.1111/nyas.13230
http://dx.doi.org/10.1155/2016/2628901


75 

 

18. Kato N, Sato S, Yamanaka A, Yamada H, Fuwa N, Nomura M. Silk protein, sericin, 

inhibits lipid peroxidation and tyrosinase activity. Biosci Biotechnol Biochem. 

1998;62(1): 145-147. 

 

19. Sehnal F. Prospects of the practical use of silk sericins. Entomol Res. 2008;38: 

S1-S8. doi: 10.1111/j.148-5967.2008.00168.x 

 

20. Okazaki Y, Kakehi S, Xu Y, Tsujimoto K, Sasaki M, Ogawa H, et al. Consumption 

of sericin reduces serum lipids, ameliorates glucose tolerance and elevates serum 

adiponectin in rats fed a high-fat diet. Biosci Biotechnol Biochem. 2010;74(8): 1534-

1538. doi: 10.1271/bbb.100065 

 

21. Seo CW, Um IC, Rico CW, Kang MY. Antihyperlipidemic and body fat-lowering 

effects of silk proteins with different fibroin/sericin compositions in mice fed with high 

fat diet. J Agric Food Chem. 2011;59(8): 4192–4197. doi: 10.1021/jf104812g 

 

22. Limpeanchob N, Trisat K, Duangjai A, Tiyaboonchai W, Pongcharoen S, 

Sutheerawattananonda M. Sericin reduces serum cholesterol in rats and cholesterol 

uptake into Caco-2 cells. J Agric Food Chem. 2010;58(23): 12519-12522. doi: 

10.1021/jf103157w 

 

23. Ampawong S, Isarangkul D, Aramwit P. Sericin ameliorated dysmorphic 

mitochondria in high-cholesterol diet/streptozotocin rat by antioxidative property. Exp 

Biol Med (Maywood). 2016. doi: 10.1177/1535370216681553 

 

24. Folch J, Lees M, Sloane Stanley GH. A simple method for the isolation and 

purification of total lipides from animal tissues. J Biol Chem. 1957;226(1): 497-509. 

 

25. Nagakura Y, Naitoh Y, Kamato T, Yamano M, Miyata K. Compounds possessing 

5-HT3 receptor antagonistic activity inhibit intestinal propulsion in mice. Eur J 

Pharmacol. 1996;311(1): 67-72. doi: http://dx.doi.org/10.1016/0014-2999(96)00403-7 

 

https://dx.doi.org/10.1271/bbb.100065
https://dx.doi.org/10.1021/jf104812g
https://dx.doi.org/10.1021/jf103157w
https://dx.doi.org/10.1177/1535370216681553
http://dx.doi.org/10.1016/0014-2999(96)00403-7


76 

 

26. Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, Cummings OW, et al. 

Design and validation of a histological scoring system for nonalcoholic fatty liver 

disease. Hepatology. 2005;41(6): 1313-1321. doi: 10.1002/hep.20701 

 

27. Bray GA, Paeratakul S, Popkin BM. Dietary fat and obesity: a review of animal, 

clinical and epidemiological studies. Physiol Behav. 2004;83(4): 549-555. doi: 

10.1016/j.physbeh.2004.08.039 

 

28. Lutz TA, Woods SC. Overview of animal models of obesity. Curr Protoc 

Pharmacol. 2012. doi:  10.1002/0471141755.ph0561s58 

 

29. Lee J-S, Bok S-H, Jeon S-M, Kim H-J, Do K-M, Park Y-B, et al. Antihyperlipidemic 

effects of buckwheat leaf and flower in rats fed a high-fat diet. Food Chem. 

2010;119(1): 235-240. doi: http://dx.doi.org/10.1016/j.foodchem.2009.06.014 

 

30. Dixon LJ, Flask CA, Papouchado BG, Feldstein AE, Nagy LE. Caspase-1 as a 

central regulator of high fat diet-induced non-alcoholic steatohepatitis. PLoS One. 

2013;8(2): e56100. doi: 10.1371/journal.pone.0056100 

 

31. Sung J, Jeong HS, Lee J. Effect of the capsicoside G-rich fraction from pepper 

(Capsicum annuum L.) seeds on high-fat diet-induced obesity in mice. Phytother Rev. 

2016;30(11): 1848-1855. doi: 10.1002/ptr.5692 

 

32. Pang J, Xi C, Huang X, Cui J, Gong H, Zhang T. Effects of excess energy intake 

on glucose and lipid metabolism in C57BL/6 mice. PLoS One. 2016;11(1): e0146675. 

doi: 10.1371/journal.pone.0146675 

 

33. Storlien LH, Huang XF, Lin S, Xin X, Wang HQ, Else PL. Dietary fat subtypes and 

obesity. World Rev Nutr Diet. 2001;88: 148-154. 

 

34. Woods SC, Seeley RJ, Rushing PA, D’Alessio D, Tso P. A controlled high-fat diet 

induced an obese syndrome in rats. J Nutr. 2003;133(4): 1081-1087. 

 

https://dx.doi.org/10.1002/hep.20701
https://dx.doi.org/10.1016/j.physbeh.2004.08.039
https://dx.doi.org/10.1002%2F0471141755.ph0561s58
http://dx.doi.org/10.1016/j.foodchem.2009.06.014
https://dx.doi.org/10.1371/journal.pone.0056100
https://dx.doi.org/10.1002/ptr.5692
https://dx.doi.org/10.1371%2Fjournal.pone.0146675


77 

 

35. Abumrad NA, Davidson NO. Role of the gut in lipid homeostasis. Physiol Rev. 

2012;92(3): 1061-1085. doi: 10.1152/physrev.00019.2011 

 

36. Hussain MM. Intestinal lipid absorption and lipoprotein formation. Curr Opin 

Lipidol. 2014;25(3): 200-206. doi: 10.1097/MOL.0000000000000084 

 

37. Rutkowski JM, Stern JH, Scherer PE. The cell biology of fat expansion. J Cell Biol. 

2015;208(5):501-512. doi: 10.1083/jcb.201409063 

 

38. Rosen ED, Spiegelman BM. Adipocytes as regulators of energy balance and 

glucose homeostasis. Nature. 2006;444: 847-853. doi: 10.1038/nature05483 

 

39. Konige M, Wang H, Sztalryd C. Role of adipose specific lipid droplet proteins in 

maintaining whole body energy homeostasis. Biochim Biophys Acta. 2014;1842(3): 

393-401. doi: 10.1016/j.bbadis.2013.05.007 

 

40. Choi RY, Ham JR, Lee MK. Esculetin prevents non-alcoholic fatty liver in diabetic 

mice fed high-fat diet. Chem Biolo Interact. 2016;260: 13-21. doi: 

10.1016/j.cbi.2016.10.013 

 

41. de Wit N, Derrien M, Bosch-Vermeulen H, Oosterink E, Keshtkar S, Duval C, et al. 

Saturated fat stimulates obesity and hepatic steatosis and affects gut microbiota 

compositions by an enhanced overflow of dietary fat to the distal intestine. Am J Physiol 

Gastrointest Liver Physiol. 2012;303(5): G589-599. doi: 10.1152/ajpgi.00488.2011 

 

42. Duca FA, Sakar Y, Covasa M. The modulatory role of high fat feeding on 

gastrointestinal signals in obesity. J Nutr Biochem. 2013;24(10): 1663-1677. doi: 

10.1016/j.jnutbio.2013.05.005 

 

43. Vrabcova M, Mikuska L, Vazan R, Miko M, Varga, Mravec B. Effect of chronic 

intake of liquid nutrition on stomach and duodenum morphology. Acta Histochem. 

2016;118(4): 435-442. doi: 10.1016/j.acthis.2016.04.006 

 

https://dx.doi.org/10.1152/physrev.00019.2011
https://dx.doi.org/10.1097/MOL.0000000000000084
https://dx.doi.org/10.1083/jcb.201409063
https://dx.doi.org/10.1038%2Fnature05483
https://dx.doi.org/10.1016/j.bbadis.2013.05.007
https://dx.doi.org/10.1016/j.cbi.2016.10.013
https://dx.doi.org/10.1152/ajpgi.00488.2011
https://dx.doi.org/10.1016/j.jnutbio.2013.05.005
https://dx.doi.org/10.1016/j.acthis.2016.04.006


78 

 

44. Stenkamp-Strahm CM, Kappmeyer AJ, Schmalz JT, Gericke M, Balemba O. High-

fat diet ingestion correlates with neuropathy in the duodenum myenteric plexus of 

obese mice with symptoms of type 2 diabetes. Cell Tissue Res. 2013;354(2): 381–394. 

doi: 10.1007/s00441-013-1681-z 

 

45. Nezami BG, Mwangi SM, Lee JE, Jeppsson S, Anitha M, Yarandi SS, et al. 

MicroRNA 375 mediates palmitate-induced enteric neuronal damage and high-fat diet 

induced delayed intestinal transit in mice. Gastroenterology. 2014;146(2): 473–483. 

doi: 10.1053/j.gastro.2013.10.053 

 

46. Beraldi EJ, Soares A, Borges SC, de Souza ACS, Natali MRM, Bazotte RB, et al. 

High-fat diet promotes neuronal loss in the myenteric plexus of the large intestine in 

mice. Dig Dis Sci. 2015;60(4): 841–849. doi: 10.1007/s10620-014-3402-1 

 

47. Sasaki M, Yamada H, Kato N. A resistant protein, sericin improves atropine-

induced constipation in rats. Food Sci Technol Res. 2000;6(4): 280-283. doi: 

http://doi.org/10.3136/fstr.6.280 

 

48. Zhaorigetu S, Sasaki M, Kato N. Consumption of sericin suppresses colon 

oxidative stress and aberrant crypt foci in 1,2-dimethylhydrazine-treated rats by colon 

undigested sericin. J Nutr Sci Vitaminol (Tokyo). 2007;53(3): 297-300. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://dx.doi.org/10.1007%2Fs00441-013-1681-z
https://dx.doi.org/10.1053/j.gastro.2013.10.053
https://dx.doi.org/10.1007/s10620-014-3402-1
http://doi.org/10.3136/fstr.6.280


79 

 

ANEXO 1 

Parecer do Comitê de Ética Animal 

 



80 

 

ANEXO 2 

Normas de Publicação da Revista PLoS ONE 

 

Submission Guidelines 

Style and Format 

File format Manuscript files can be in the following formats: DOC, DOCX, RTF, or 
PDF. Microsoft Word documents should not be locked or protected.  
LaTeX manuscripts must be submitted as PDFs. Read the LaTeX 
guidelines. 

Length Manuscripts can be any length. There are no restrictions on word count, 
number of figures, or amount of supporting information. 
We encourage you to present and discuss your findings concisely. 

Font Use a standard font size and any standard font, except for Symbol font.  

Headings Limit manuscript sections and sub-sections to 3 heading levels. Make sure 
heading levels are clearly indicated in the manuscript text. 

Layout Manuscript text should be double-spaced. 
Do not format text in multiple columns. 

Footnotes Footnotes are not permitted. If your manuscript contains footnotes, move 
the information into the main text or the reference list, depending on the 
content. 

Language Manuscripts must be submitted in English.  
You may submit translations of the manuscript or abstract as supporting 
information. Read the supporting information guidelines. 

Abbreviations Define abbreviations upon first appearance in the text. 
Do not use non-standard abbreviations unless they appear at least three 
times in the text. 
Keep abbreviations to a minimum. 

Reference 
style 

PLOS uses “Vancouver” style, as outlined in the ICMJE sample references. 
See reference formatting examples and additional instructions below. 

Equations We recommend using MathType for display and inline equations, as it will 
provide the most reliable outcome. If this is not possible, Equation Editor is 
acceptable. 
Avoid using MathType or Equation Editor to insert single variables (e.g., “a² 
+ b² = c²”), Greek or other symbols (e.g., β, Δ, or ′ [prime]), or mathematical 
operators (e.g., x, ≥, or  ±) in running text. Wherever possible, insert single 
symbols as normal text with the correct Unicode (hex) values. 
Do not use MathType or Equation Editor for only a portion of an equation. 
Rather, ensure that the entire equation is included. Avoid “hybrid” inline or 
display equations, in which part is text and part is MathType, or part is 
MathType and part is Equation Editor. 

Nomenclature  Use correct and established nomenclature wherever possible. 

Units of 
measurement 

Use SI units. If you do not use these exclusively, 
provide the SI value in parentheses after each 
value. Read more about SI units. 

Drugs 
Provide the Recommended International Non-
Proprietary Name (rINN). 

Species names 
Write in italics (e.g., Homo sapiens). Write out in full 
the genus and species, both in the title of the 
manuscript and at the first mention of an organism in 

http://journals.plos.org/plosone/s/latex
http://journals.plos.org/plosone/s/latex
http://journals.plos.org/plosone/s/supporting-information
http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://journals.plos.org/plosone/s/submission-guidelines#loc-references
http://www.bipm.org/en/si/
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a paper. After first mention, the first letter of the 
genus name followed by the full species name may 
be used (e.g., H. sapiens). 

Genes, mutations, 
genotypes, and 
alleles 

Write in italics. Use the recommended name by 
consulting the appropriate genetic nomenclature 
database (e.g., HUGO for human genes). It is 
sometimes advisable to indicate the synonyms for 
the gene the first time it appears in the text. Gene 
prefixes such as those used for oncogenes or 
cellular localization should be shown in roman 
typeface (e.g., v-fes, c-MYC). 

 

 
Manuscript Organization 

Manuscripts should be organized as follows. Instructions for each element appear 
below the list. 

Beginning 
section 

The following elements are required, in order: 
Title page: List title, authors, and affiliations as first page of manuscript 
Abstract 
Introduction 

Middle 
section 

The following elements can be renamed as needed and presented in any 
order: 
Materials and Methods 
Results 
Discussion 
Conclusions (optional) 

Ending 
section 

The following elements are required, in order: 
Acknowledgments 
References 
Supporting information captions (if applicable) 

Other 
elements 

Figure captions are inserted immediately after the first paragraph in which 
the figure is cited. Figure files are uploaded separately. 
Tables are inserted immediately after the first paragraph in which they are 
cited. 
Supporting information files are uploaded separately. 

  
Please refer to our downloadable sample files to make sure that your submission 

meets our formatting requirements: 
Viewing Figures and Supporting Information in the compiled submission PDF. The 

compiled submission PDF includes low-resolution preview images of the figures after the 
reference list. The function of these previews is to allow you to download the entire 
submission as quickly as possible. Click the link at the top of each preview page to 
download a high-resolution version of each figure. Links to download Supporting 
Information files are also available after the reference list. 
 
 
Parts of a Submission 

Title 
Include a full title and a short title for the manuscript. 
 
 
 
 
 
 

http://www.genenames.org/index.html
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Title Length Guidelines Examples 

Full 
title 

250 
characters 

Specific, descriptive, 
concise, and 
comprehensible to 
readers outside the 
field 

Impact of Cigarette Smoke Exposure on 
Innate Immunity: A Caenorhabditis 
elegans Model 
Solar Drinking Water Disinfection (SODIS) to 
Reduce Childhood Diarrhoea in Rural Bolivia: 
A Cluster-Randomized, Controlled Trial 

Short 
title 

100 
characters 

State the topic of the 
study 

Cigarette Smoke Exposure and Innate 
Immunity 
SODIS and Childhood Diarrhoea 

 
Titles should be written in title case (all words capitalized except articles, 

prepositions, and conjunctions). Avoid specialist abbreviations if possible. For clinical trials, 
systematic reviews, or meta-analyses, the subtitle should include the study design. 

 
Author List 
Author names and affiliations 
Enter author names on the title page of the manuscript and in the online submission 

system. 
On the title page, write author names in the following order: 
 First name (or initials, if used) 
 Middle name (or initials, if used) 
 Last name (surname, family name) 
Each author on the list must have an affiliation. The affiliation includes department, 

university, or organizational affiliation and its location, including city, state/province (if 
applicable), and country. 

If an author has multiple affiliations, enter all affiliations on the title page only. In the 
submission system, enter only the preferred or primary affiliation. 

 
Corresponding author 
The submitting author is automatically designated as the corresponding author in the 

submission Author Contributions 
Enter all author contributions in the submission system during submission. The 

contributions of all authors must be described using the CRediT Taxonomy of author 
roles. Read the policy. 

Contributions will be published with the final article, and they should accurately 
reflect contributions to the work. The submitting author is responsible for completing this 
information at submission, and it is expected that all authors will have reviewed, discussed, 
and agreed to their individual contributions ahead of this time. 

PLOS ONE will contact all authors by email at submission to ensure that they are 
aware of the submission. 

 
Cover letter 
Upload a cover letter as a separate file in the online system. The length limit is 1 

page. 
The cover letter should include the following information: 
 Summarize the study’s contribution to the scientific literature 
 Relate the study to previously published work 
 Specify the type of article (for example, research article, systematic review, meta-

analysis, clinical trial) 
 Describe any prior interactions with PLOS regarding the submitted manuscript 
 Suggest appropriate Academic Editors to handle your manuscript (see the full list 

of Academic Editors) 

http://journals.plos.org/plosone/s/authorship#loc-author-contributions
http://journals.plos.org/plosone/static/editorial-board
http://journals.plos.org/plosone/static/editorial-board
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 List any opposed reviewers system. The corresponding author is the primary 
contact for the journal office and the only author able to view or change the manuscript 
while it is under editorial consideration. 

The corresponding author role may be transferred to another coauthor. However, 
note that transferring the corresponding author role also transfers access to the manuscript. 
(To designate a new corresponding author while the manuscript is still under consideration, 
watch the video tutorial below.) 

Only one corresponding author can be designated in the submission system, but this 
does not restrict the number of corresponding authors that may be listed on the article in the 
event of publication. Whoever is designated as a corresponding author on the title page of 
the manuscript file will be listed as such upon publication. Include an email address for each 
corresponding author listed on the title page of the manuscript. 

 
Title page 
The title, authors, and affiliations should all be included on a title page as the first 

page of the manuscript file.   
 
Abstract 
The Abstract comes after the title page in the manuscript file. The abstract text is 

also entered in a separate field in the submission system.   
The Abstract should: 
 Describe the main objective(s) of the study 
 Explain how the study was done, including any model organisms used, without 

methodological detail 
 Summarize the most important results and their significance 
 Not exceed 300 words 
Abstracts should not include: 
 Citations 
 Abbreviations, if possible 
 
Introduction 
The introduction should: 
 Provide background that puts the manuscript into context and allows readers 

outside the field to understand the purpose and significance of the study 
 Define the problem addressed and why it is important 
 Include a brief review of the key literature 
 Note any relevant controversies or disagreements in the field 
 Conclude with a brief statement of the overall aim of the work and a comment 

about whether that aim was achieved 
 

Materials and Methods 
The Materials and Methods section should provide enough detail to allow suitably 

skilled investigators to fully replicate your study. Specific information and/or protocols for 
new methods should be included in detail. If materials, methods, and protocols are well 
established, authors may cite articles where those protocols are described in detail, but the 
submission should include sufficient information to be understood independent of these 
references. 

We encourage authors to submit detailed protocols for newer or less well-
established methods as supporting information. Read the supporting information guidelines. 

Human or animal subjects and/or tissue or field sampling 
Methods sections describing research using human or animal subjects and/or tissue 

or field sampling must include required ethics statements. See the reporting guidelines for 
human research, clinical trials, animal research, and observational and field studies for 
more information. 

http://journals.plos.org/plosone/s/supporting-information
http://journals.plos.org/plosone/s/submission-guidelines#loc-guidelines-for-specific-study-types
http://journals.plos.org/plosone/s/submission-guidelines#loc-guidelines-for-specific-study-types
http://journals.plos.org/plosone/s/submission-guidelines#loc-guidelines-for-specific-study-types
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Data 
PLOS journals require authors to make all data underlying the findings described in 

their manuscript fully available without restriction, with rare exception. 
Large data sets, including raw data, may be deposited in an appropriate public 

repository. See our list of recommended repositories. 
For smaller data sets and certain data types, authors may provide their data 

within supporting information files accompanying the manuscript. Authors should take care 
to maximize the accessibility and reusability of the data by selecting a file format from which 
data can be efficiently extracted (for example, spreadsheets or flat files should be provided 
rather than PDFs when providing tabulated data). 

For more information on how best to provide data, read our policy on data 
availability. PLOS does not accept references to “data not shown.” 

Cell lines 
Methods sections describing research using cell lines must state the origin of the cell 

lines used. See the reporting guidelines for cell line research for more information. 
New taxon names 
Methods sections of manuscripts adding new taxon names to the literature must 

follow the reporting guidelines below for a new zoological taxon, botanical taxon, or fungal 
taxon. 

 
Results, Discussion, Conclusions 
These sections may all be separate, or may be combined to create a mixed 

Results/Discussion section (commonly labeled “Results and Discussion”) or a mixed 
Discussion/Conclusions section (commonly labeled “Discussion”). These sections may be 
further divided into subsections, each with a concise subheading, as appropriate. These 
sections have no word limit, but the language should be clear and concise. 

Together, these sections should describe the results of the experiments, the 
interpretation of these results, and the conclusions that can be drawn. 

Authors should explain how the results relate to the hypothesis presented as the 
basis of the study and provide a succinct explanation of the implications of the findings, 
particularly in relation to previous related studies and potential future directions for research. 

PLOS ONE editorial decisions do not rely on perceived significance or impact, so 
authors should avoid overstating their conclusions. See the PLOS ONE Criteria for 
Publication for more information. 

 
Acknowledgments 
Those who contributed to the work but do not meet our authorship criteria should be 

listed in the Acknowledgments with a description of the contribution. 
Authors are responsible for ensuring that anyone named in the Acknowledgments 

agrees to be named. 
 
References 
Any and all available works can be cited in the reference list. Acceptable sources 

include: 
 Published or accepted manuscripts 
 Manuscripts on preprint servers, if the manuscript is submitted to a journal and also 

publicly available as a preprint 
Do not cite the following sources in the reference list: 
 Unavailable and unpublished work, including manuscripts that have been 

submitted but not yet accepted (e.g., “unpublished work,” “data not shown”). Instead, 
include those data as supplementary material or deposit the data in a publicly available 
database. 

 Personal communications (these should be supported by a letter from the relevant 
authors but not included in the reference list) 

http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories
http://journals.plos.org/plosone/s/supporting-information
http://journals.plos.org/plosgenetics/s/data-availability
http://journals.plos.org/plosgenetics/s/data-availability
http://journals.plos.org/plosone/s/data-availability
http://journals.plos.org/plosone/s/submission-guidelines#loc-cell-lines
http://journals.plos.org/plosone/s/submission-guidelines#loc-new-taxon-names
http://journals.plos.org/plosone/s/submission-guidelines#loc-new-taxon-names
http://journals.plos.org/plosone/s/criteria-for-publication
http://journals.plos.org/plosone/s/criteria-for-publication
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References are listed at the end of the manuscript and numbered in the order that 
they appear in the text. In the text, cite the reference number in square brackets (e.g., “We 
used the techniques developed by our colleagues [19] to analyze the data”). PLOS uses the 
numbered citation (citation-sequence) method and first six authors, et al. 

Do not include citations in abstracts or author summaries.  
Make sure the parts of the manuscript are in the correct order before ordering the 

citations. 
Formatting references 
PLOS uses the reference style outlined by the International Committee of Medical 

Journal Editors (ICMJE), also referred to as the “Vancouver” style. Example formats are 
listed below. Additional examples are in the ICMJE sample references. 

 

Source Format 

Published 
articles 

Hou WR, Hou YL, Wu GF, Song Y, Su XL, Sun B, et al. cDNA, genomic 
sequence cloning and overexpression of ribosomal protein gene L9 (rpL9) 
of the giant panda (Ailuropoda melanoleuca). Genet Mol Res. 2011;10: 
1576-1588. 
 
Devaraju P, Gulati R, Antony PT, Mithun CB, Negi VS. Susceptibility to 
SLE in South Indian Tamils may be influenced by genetic selection 
pressure on TLR2 and TLR9 genes. Mol Immunol. 2014 Nov 22. pii: 
S0161-5890(14)00313-7. doi: 10.1016/j.molimm.2014.11.005 
 
Note: A DOI number for the full-text article is acceptable as an alternative 
to or in addition to traditional volume and page numbers. 

Accepted, 
unpublished 
articles 

Same as published articles, but substitute “Forthcoming” for page 
numbers or DOI. 

Web sites or 
online 
articles 

Huynen MMTE, Martens P, Hilderlink HBM. The health impacts of 
globalisation: a conceptual framework. Global Health. 2005;1: 14. 
Available from: http://www.globalizationandhealth.com/content/1/1/14. 

Books Bates B. Bargaining for life: A social history of tuberculosis. 1st ed. 
Philadelphia: University of Pennsylvania Press; 1992. 

Book 
chapters 

Hansen B. New York City epidemics and history for the public. In: Harden 
VA, Risse GB, editors. AIDS and the historian. Bethesda: National 
Institutes of Health; 1991. pp. 21-28. 

Deposited 
articles (pre
prints, e-
prints, or 
arXiv) 

Krick T, Shub DA, Verstraete N, Ferreiro DU, Alonso LG, Shub M, et al. 
Amino acid metabolism conflicts with protein diversity; 1991. Preprint. 
Available from: arXiv:1403.3301v1. Cited 17 March 2014. 

Published 
media (print 
or online 
newspapers 
and 
magazine 
articles) 

Fountain H. For Already Vulnerable Penguins, Study Finds Climate 
Change Is Another Danger. The New York Times. 29 Jan 2014. Available 
from: http://www.nytimes.com/2014/01/30/science/earth/climate-change-
taking-toll-on-penguins-study-finds.html. Cited 17 March 2014. 

New media 
(blogs, web 
sites, or 
other written 
works) 

Allen L. Announcing PLOS Blogs. 2010 Sep 1 [cited 17 March 2014]. In: 
PLOS Blogs [Internet]. San Francisco: PLOS 2006 - . [about 2 screens]. 
Available from: http://blogs.plos.org/plos/2010/09/announcing-plos-blogs/. 

http://www.nlm.nih.gov/bsd/uniform_requirements.html
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Source Format 

Masters' 
theses or 
doctoral 
dissertations 

Wells A. Exploring the development of the independent, electronic, 
scholarly journal. M.Sc. Thesis, The University of Sheffield. 1999. 
Available from: http://cumincad.scix.net/cgi-bin/works/Show?2e09 

Databases 
and 
repositories 
(Figshare, 
arXiv) 

Roberts SB. QPX Genome Browser Feature Tracks; 2013 [cited 2013 Oct 
5]. Database: figshare [Internet]. Available from: 
http://figshare.com/articles/QPX_Genome_Browser_Feature_Tracks/7012
14. 

Multimedia 
(videos, 
movies, or 
TV shows) 

Hitchcock A, producer and director. Rear Window [Film]; 1954. Los 
Angeles: MGM. 

 
Figures and Tables 
 
Figures 
Do not include figures in the main manuscript file. Each figure must be prepared and 

submitted as an individual file. 
Cite figures in ascending numeric order upon first appearance in the manuscript file. 
Figure captions 
Figure captions must be inserted in the text of the manuscript, immediately following 

the paragraph in which the figure is first cited (read order). Do not include captions as part 
of the figure files themselves or submit them in a separate document. 

At a minimum, include the following in your figure captions: 
 A figure label with Arabic numerals, and “Figure” abbreviated to “Fig” (e.g. Fig 1, 

Fig 2, Fig 3, etc). Match the label of your figure with the name of the file uploaded at 
submission (e.g. a figure citation of “Fig 1” must refer to a figure file named “Fig1.tif”). 

 A concise, descriptive title 
The caption may also include a legend as needed. 
 
Tables 
Cite tables in ascending numeric order upon first appearance in the manuscript file. 
Place each table in your manuscript file directly after the paragraph in which it is first 

cited (read order). Do not submit your tables in separate files. 
Tables require a label (e.g., “Table 1”) and brief descriptive title to be placed above 

the table. Place legends, footnotes, and other text below the table.  
Animal research 
Methods sections of manuscripts reporting results of animal research must include 

required ethics statements that specify: 
 The full name of the relevant ethics committee that approved the work, and the 

associated permit number(s). Where ethical approval is not required, the manuscript should 
include a clear statement of this and the reason why. 

 Relevant details for efforts taken to ameliorate animal suffering 
 The organism(s) studied should always be stated in the abstract. Where research 

may be confused as pertaining to clinical research, the animal model should also be stated 
in the title. 

 Where unregulated animals are used or ethics approval is not required, authors 
should make this clear in submitted articles and explain why ethical approval was not 
required. Relevant regulations that grant exemptions should be cited in full. It is the authors' 
responsibility to understand and comply with all relevant regulations. 
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 We reserve the right to reject work that the editors believe has not been conducted 
to a high ethical standard, even if authors have obtained formal approval or approval is not 
required under local regulations. 

 We encourage authors to follow the Animal Research: Reporting of In 
Vivo Experiments (ARRIVE) guidelines for all submissions describing laboratory-based 
animal research and to upload a completed ARRIVE Guidelines Checklist to be published 
as supporting information. Please note that inclusion of a completed ARRIVE Checklist may 

be a formal requirement for publication at a later date. 

http://www.nc3rs.org.uk/page.asp?id=1357
http://www.nc3rs.org.uk/page.asp?id=1357
http://www.nc3rs.org.uk/page.asp?id=1357

